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Chapter 2: Functions and Graphs

2.1 Exercises

The points A(5, —2), B(—5, —2), C(5,2), [2] The points A(—3,1), B(3,1), C(—2,—3),
D(-5,2), E(3,0), and F'(0, 3) are plotted D(0,3), and E(2,—-3), as well as AB, BC, CD,
in the figure. DE, EA, are plotted in the figure.

[3] The points A(0,0), B(1,1), C(3,3), D(—1,—1), [4] The points A(0,0), B(1,—1), C(3,-3),
and F(—2,—2) are plotted in the figure. The set D(-1,1), and E(—3,3) are plotted in the figure.
of all points of the form (a, a) is the line bisecting The set of all points of the form (a, —a) is the line
quadrants I and III. bisecting quadrants Il and IV.

[on]

The points are A(3,3), B(—3,3), C(-3,-3), D(3,-3), E(1,0), and F(0, 3).

(]

The points are A(0,4), B(—4,0), C(0,—4), D(4,0), E(2,2), and F'(—2,—2).

(a) = = —2is the line parallel to the y-axis that intersects the x-axis at (—2,0).

(b) y = 5 is the line parallel to the x-axis that intersects the y-axis at (0, 5).

(¢) = > 0 {z is zero or positive} is the set of all points to the right of and on the y-axis.

(d) zy > 0 {x and y have the same sign, that is, either both are positive or both are negative} is the set of all points

in quadrants I and III.
(e) y < 0 {yis negative} is the set of all points below the z-axis.

(f) x = 0is the set of all points on the y-axis.
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56 2.1 EXERCISES

(a) y = —2 is the line parallel to the x-axis that intersects the y-axis at (0, —2).
(b) x = 4 is the line parallel to the y-axis that intersects the x-axis at (4,0).
(c) x/y < 0 is the set of all points in quadrants II and IV {x and y have opposite signs}.
(d) 2y = 0 is the set of all points on the z-axis or y-axis.
(e) y > 1is the set of all points above the line parallel to the z-axis which intersects the y-axis at (0, 1).

(f) y = 0is the set of all points on the z-axis.
@ () A4,-3),B(6,2) = d(AB) = \/(6-4°+2—(-3)°=/A+25=/20

(b) A(4,-3), B(6,2) = Map= (4%6 _3;2) - (5’_%)

(a) A(~2,-5), B(4,6) = d(A,B)=\/[t— (-2)]* +[6 - (-5)]* = /36 + 121 = /157

(
(b) A(~2,-5), B(4,6) = Mup= <—2+4 —5+6> _ (1%>

[{1) (@) A(-7,0), B(~-2,—4) = d(4,B)=/[-2 - (-7)]

(b) A(=7,0), B(~2,—4) = MAB:(‘”(‘”,O+ ‘4>):(_§,_2

_|_
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(a) A(5,2), B(5,-2) = d(A,B)=1/(5-5+(-2-2=/0+16=4

(b) A(5,2), B(5,—2) = Mup= (?2%%) = (5,0)

(@) A(7,-3),B(3,-3) = d(A,B)= \/(3 )+ [-3—(-3)=/16+0=4

(b) A(7,-3), B(3,-3) = Mup= <7;3, _32(_3)) = (5,-3)

[14) (@) A(~4,7), BO,~8) = d(A,B)=1/[0— (~4)* + (-8 —7)* = /16 1 225 = /241

(b) A(—4,7), B(0,-8) = Myp= <—42+ O’ 7+;—8)> — <—2,—%>

[15] The points are A(6,3), B(1,—2), and C'(—3,2). We need to show that the sides satisfy the Pythagorean theorem.
Finding the distances, we have d(A, B) = \/50, d(B,C) = /32, and d(A,C) = \/82. Since d(A,C) is the
largest of the three values, it must be the hypotenuse, hence, we need to check if d(A4, C)? = d(A, B)* 4+ d(B, C)*.
Since (\/83)2 = (\/%)2 + (\/33)2, we know that A ABC'is a right triangle. The area of a triangle is given
by A = (base)(height). We can use d(B, C') for the base and d(A, B) for the height.

Hence, area = 3bh = %(@) (\/%) = %(4\/5) (5\/5) = 1(20)(2) = 20.

The points are A(—6,3), B(3,—5), and C'(—1,5).

Show that d(A, B)? = d(A, C)? + d(B, C)? that is, (\/E)2 - (\/%)2 + (\/ﬁ)2
Area = 1bh = L. d(A,C)-d(B,C) = %(\/E) (\/ﬁ) - %(\/279) (2 29) = 29,
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2.1 EXERCISES 57

The points are A(—4,2), B(1,4), C(3,—1), and C(—2,—3). We need to show that all four sides are the same
length. Checking, we find that d(A, B) = d(B,C) = d(C, D) = d(D, A) = /29. This guarantees that we have a
rhombus {a parallelogram with 4 equal sides}. Thus, we also need to show that adjacent sides meet at right angles.

This can be done by showing that two adjacent sides and a diagonal form a right triangle. Using A ABC, we see
that d(A, C') = /58 and hence d(A, C)* = d(A, B)? + d(B,C)*. We conclude that ABC D is a square.

The points are A(—4,—1), B(0,—2), C(6,1), and C(2,2).
Show that d(A, D) = d(B,C) = v/45and d(A, B) = d(C, D) = \/17.

-3 8
[A9) Let B = (z,y). A(-3,8) = MAB=( 2”%)
: - 8
Since M 45 = C(5,—10), we must have ;m = 5and _—2ky =-10 =

—34+x=205)and8+y=2(—10) = x =13andy = —28. Thus, B = (13, —-28).

If @ is the midpoint of segment AB, then the midpoint of QB is the point that is three-fourths of the way from
A(5,—8) to B(—6,2).

- (D () (2 ) ()

[21] The perpendicular bisector of AB is the line that passes through the midpoint of segment AB and intersects

segment AB at a right angle. The points on the perpendicular bisector are all equidistant from A and B. Thus, we
need to show that d(A,C) = d(B,C), where A =(—4,-3), B=(6,1), and C = (3, —6). Since each of these
distances is 1/ 58, we conclude that C' is on the perpendicular bisector of AB.

[22] Show that d(A,C) = d(B,C) = /125, where A = (-3,2), B = (5, —4), and C' = (7, 7).

The points are A(—4, —3), B(6,1), and P(z,y). We must have d(A, P) = d(B, P).
\/(a:+4)2+(y+3)2 = \/(9:—6)2+(y—1)2 =3
22 +8x+ 16 +y* + 6y + 9 = 22 — 122 + 36 + y* — 2y + 1 {square both sides} =

8r+6y+25=—-12z—2y+37 = 20x+8y=12 = bHxr+2y=3

The points are A(—3,2), B(5,—4), and P(z,y). We must have d(A, P) = d(B, P).
\/(x+3)2+(y—2)2 = \/(x—5)2+(y+4)2 =
22+ 62+ 9412 —4y+4 = 2% — 10z + 25 + y?> + Sy + 16 {square both sides} =
6r —4y+13=—-10c+8y+41 = 16z —-12y=28 = 4o —-3y="7

[25] Let O(0, 0) represent the origin. Applying the distance formula with O and P(z, ), we have
A0, P)=5 = \J(@-0P+@y-07=5 = JFZ1g=5.

This formula represents a circle of radius 5 with center at the origin.

d(C,P)=r = \/(3: — h)? + (y — k)> = r. This formula represents a circle of radius r and center (h, k).

Let Q(0, y) be an arbitrary point on the y-axis. Applying the distance formula with @) and P(5, 3), we have
6=dP,Q) = 6= \/(0—5)2+(y—3)2 = 36=25+1y"—6y+9 =
¥ —6y—2=0 = y=3%+/11 {quadratic formula}. The points are (0,3 + v/ 11) and (O, 33—/ 11).
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58 2.1 EXERCISES

Let Q(0, y) be an arbitrary point on the y-axis. Applying the distance formula with ) and P(12,4), we have
13=d(P,Q) = 13= \/(0— 122+ (y—4)° = 169=144412 —8y+16 =
¥ -8y—9=0 = (y—9)(y+1)=0 = y=9,—1. The points are (0,9) and (0, —1).

Let Q(x, 0) be an arbitrary point on the z-axis. Applying the distance formula with @ and P(—2,4), we have
5=d(P.Q) = 5 = \J(@+2P+(0-4° > 2B—2 +dr+d+16 =
>’ +42-5=0 = (x+5)(x—1)=0 = x=-5,1. The pointsare (1,0) and (—5,0).

Let Q(z, 0) be an arbitrary point on the z-axis. Applying the distance formula with ¢ and P(—1,6), we have
7=d(P,Q) = 7 = \/(a:+1)2—|—(0—6)2 = 49=24+20+1+36 = 2>+2r-12=0 =
x = —1 % +/13 {quadratic formula}. The points are (—1 —/ 13,0) and (—1 ++/ 13,0).

[31] d = 5 with points (2a,a) and (1,3) = 5:\/(2a—1)2+(a—3)2 =
25 =4a’>—-4a+1+a*-6a+9 = 5a>—10a—-15=0 = a’-2a-3=0 =
(a—3)(a+1)=0 = a=3,—1.

Since the y-coordinate is negative in the third quadrant, a = —1, and (2a, a) = (-2, —1).

[32] d = 3 with points (a,a) and (—=2,1) = 3= \/(a +2%+(a—1)?7 =
9=a’+4a+4+a*>-2a+1 = 0=2a*+2a—4 = a*+a—-2=0 = (a+2)(a—1)=0 =
a = —2,1. The points are (—2, —2) and (1, 1).

[33] With P(a, 3) and Q(5, 2a), we get d(P, Q) > /26 = \/(5—a)2+(2a—3)2> 2% =
25 —10a +a® +4a®> —12a+9>26 = 5a>—22a+8>0 = (5a—2)(a—4)>0.

Interval (—00,2) | (3,4) | (4,00)
Sign of ba — 2 — +
Sign of a — 4 — - +
Resulting sign + - +

From the sign chart, we see that a < £ or a > 4 will assure us that d(P, Q) > 1/26.

[34] With P(a, 4) and Q(2,a), we get d(P, Q) > /10 = \/(2—a)2+(a—4)2> 10 =
4—da+a*+a>-8a+16>10 = 2a>-12a+10>0 = a*>—6a+5>0 = (a—1)(a—5)>0.

Interval (—o00,1) | (1,5) | (5,00)
Signofa — 1 - + +
Signof a — 5 — — +
Resulting sign + - +

From the sign chart, we see that a < 1 or a > 5 will assure us that d(P, Q) > /10.

[35] Let A(z,0) be an arbitrary point on the z-axis. Q(0,2), P(x,y) e d(A, P)=d(Q,P) =
\/(x—x)2+(y—0)2: \/(x—0)2+(y72)2 = Y=+ -4dy+4 = 2P=4y—4
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2.1 EXERCISES 59

Let A(0, y) be an arbitrary point on the y-axis. Q(6,0), P(z,y) o d(A, P)=d(Q,P) =
\/(x—O)Q—i—(y—y)2 = \/(316—6)2—1—(34—0)2 = 22=22-120+36+y° = ¢’ =12r—36

[37] A(—2,0), B(2,0), P(z,y) e d(A,P)+d(B,P)=5 = \/(:c+2)2+y2+\/(x—2)2+y2:5 =
Viltdz+4+ P2 =52 —da+4+y2 =
P 4dr+44+92=25-10/22 —dr+4+ 2 +2° —dx+4+yF =
10y/22 —4x+4+9y2=25—-8r = 100(z® — 4z + 4 + ¢*) = 625 — 400z + 6422 =
10022 — 400z + 400 + 100y = 625 — 400z + 6422 = 3622 + 100y? = 225

[38] A0, 1), B(0,1), P(z,y) » d(A,P)+d(B,P)=3 = [+ (y+1 + /22 +y-1°=3 =

VETE Tt l=3— VT —2y+1 =
P +2y+1=9-6ya2+y2 -2y +1+2>+y —2y+1 =
622+ —2y+1=9—-4y = 36(z>+¢y*>—2y+1)=81-T2y+16y> =

3622 + 36y% — 72y + 36 = 81 — T2y + 16y = 362> + 20> = 45

Let M be the midpoint of the hypotenuse. Then M = (3a, 3b). Since A = (a, 0), we have
d(AM) =/ (a - 1a)’ + (0- 18)" =/ (3a)* + (=20)" = Jda? + 102 = \[2(@® 4 4) = L /@ + 02

In a similar fashion, show that d(B, M) = d(O, M) = 1/a? + b2.

Let D(a, b + c) be the fourth vertex as shown in the figure. We need to show Y Db+ o)
that the midpoint of OD is the same as the midpoint of AC.

b b
Myp — (O+a’w> _ (g%) and

O+a c+bd a b+c
MCA_( 2 ) 2 >_<§7 2 )

Plot the points A(—5,—3.5), B(—2,2), C(1,0.5), D(4,1), and E(7,2.5).

[—10,10] by [—10, 10] [—12,12] by [-8, §]
o o o -] a
Figure 41 Figure 42

Plot the points A(—10,4), B(—7,—1.1), C(0,—6), D(3,—5.1), and E(9,2.1).
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60 2.1 EXERCISES

(a) Plot (1984,87,073), (1993,98,736), (2003, 113,126), and (2009, 119,296).

(b) The number of U.S. households with a computer is increasing each year.

[1982,2012] by [80E3, 120E3, 10E3]{80E3 = 80 x 10%} [1895, 2005, 10] by [0, 3000, 1000]
Figure 43 Figure 44

(a) Plot (1900, 2226), (1920, 2042), (1940, 1878), (1960, 1763), (1980, 1745), and (2000, 1480).
1920 + 1940 2042 + 1878
2 ’ 2
The midpoint formula predicts 1960 daily newspapers published in the year 1930 compared to the actual value

(b) Find the midpoint of (1920, 2042) and (1940, 1878). ( ) = (1930, 1960).

of 1942 daily newspapers.

2.2 Exercises

1] Asin Example 1, we expect the graph of 5 = 2z — 3 to be a line.
Creating a table of values similar to those in the text, we have:

z] —2[-1] 0] 1]2
y| 75| 3| -1]1

By plotting these points and connecting them, we obtain the figure.

To find the z-intercept, let y = 0 in y = 22 — 3, and solve for x to get 1.5.
To find the y-intercept, let x = 0 in y = 22 — 3, and solve for y to get —3.

y y

Figure 1 Figure 2

2] y=4z+2 e y =0 gives the z-intercept —%; x = 0 gives the y-intercept 2
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2.2 EXERCISES 61

B] y=—2+2 e z-intercept:y=0 = 0=-z+2 = z=2
y-intercept: c =0 = y=-04+2=2

y y

=
=

Figure 3 Figure 4
4] y=—2r—3 e zx-intercept: y=0 = x=—1.5;y-intercepttz =0 = y=-3

[5] y=—22> e Multiplying the y-values of y = 2> by —2 gives us all negative y-values for y = —2z%. The vertex
of the parabola is at (0, 0), so its z-intercept is 0 and its y-intercept is 0.

y y

=

=

Figure 5 Figure 6
6 y= %mQ e z-intercept 0; y-intercept 0
y=2z>—1 e z-intercepts: y=0 = 0=22"-1 = 1=22" = 2=1 = z= 1. which
can be written as i% or i% or £ V/2; y-intercept: z =0 = y=—1

Since we can substitute —x for x in the equation and obtain an equivalent equation, we know the graph is

symmetric with respect to the y-axis. We will make use of this fact when constructing our table. As in Example 2,
we obtain a parabola.

+2 | £
7

+1 | £
1] =

8

[NV
NOI— (Mol —
—

<

Figure 7 Figure 8

y=—2>+2 e g-intercepts:y =0 = 22=2 = z=44/2;y-intercept 2
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62 2.2 EXERCISES

9 z= %yQ e This graph is similar to the one in Example 5—multiplying by i narrows the parabola z = 3. The

z-intercept is 0 and the y-intercept is 0.

y y

Figure 9 Figure 10
x = —2y*> e x-intercept 0; y-intercept 0
M1z =—y*+5 e z-intercept:y=0 = z=75;
y-intercepts: z =0 = 0=—12+5 = 2=5 = y=+5
Since we can substitute —y for y in the equation and obtain an equivalent equation, we know the graph is symmetric

with respect to the z-axis. We will make use of this fact when constructing our table. As in Example 5, we obtain a

parabola.
x| —11| -4 1| 4|5
y| 4| 3| £2|£11]0
y y
X X
Figure 11 Figure 12

M2] 2z =2y> —4 e z-intercept —4; y-intercepts: t =0 = 1> =4 = y= :I:\/§

M3]y = — ixi‘ e The graph is similar to the graph of y = ix:‘ in Example 6. The negative has the effect of “flipping”
the graph about the z-axis. The z-intercept is 0 and the y-intercept is 0.

y y

=
=

Figure 13 Figure 14

y = 3a® e z-intercept 0; y-intercept 0
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2.2 EXERCISES 63

M5y =2°—8 e a-intercept:y=0 = 0=2—-8 = 23=8 = z=+/8=2

y-intercept: t =0 = y= —8

The effect of the —8 is to shift the graph of y = 2> down 8 units.
x| —2| -1 0 112
y|—-16|-9|-8|-7]|0

=

=

Figure 15 Figure 16

y=—-2"+1 e z-interceptt y=0 = a23=1 = z=+/1=1;y-intercept1
Y= \/E e z-intercept 0; y-intercept 0. This is the top half of the parabola = y. An equation of the bottom

halfisy = —/x.

=
=

Figure 17 Figure 18

y = +/—x e The negative has the effect of “flipping” the graph of y = \/E about the y-axis. The z-intercept is 0

and the y-intercept is 0.
M9]y=/z—4 e z-intercept:y=0 = 0=+/z—-4 = 4= \/5 = 1z = 16 (not on graph)
y-intercept: c =0 = y=—4
7 0
y|—4|-3|-2]|—

—
B
Ne}
—_
(=}

—_
o

=
=

Figure 19 Figure 20

y=+/z—4 e zx-intercept 4; y-intercept: None

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

64

2.2 EXERCISES

[21] You may be able to do this exercise mentally. For example (using Exercise 1 with y = 2z — 3), we see that

substituting —z for = gives us y = —2x — 3; substituting —y for y gives us —y = 2z — 3 or, equivalently,

y = —2z + 3; and substituting —z for  and —y for y gives us —y = —2x — 3 or, equivalently, y = 2z + 3. None

of the resulting equations are equivalent to the original equation, so there is no symmetry with respect to the y-axis,

x-axis, or the origin.

(a) The graphs of the equations in Exercises 5 and 7 are symmetric with respect to the y-axis.

(b) The graphs of the equations in Exercises 9 and 11 are symmetric with respect to the x-axis.

(c) The graph of the equation in Exercise 13 is symmetric with respect to the origin.

22) (a) 6,8

23] (a) Asz — 1", f(x) — 2
(d) Asz — oo, f(z) — o0

24] (@) Asz — 27, f(z) — 3

(d) Asz — oo, f(z) — =0

(b) 10,12 (c) 14

(b) Asz — 2%, f(z) — 1 (¢) Asz — 3, f(z) — 4

() Asz — oo, f(z) — =00

(b) Asz — —17, f(z) - =3 (€) Asz—0, f(z) — =1

(e) Asxz — —o0, f(z) —

I8

2
25] 22+ =11 < (z—-0)°+(y—0)°= (\/ 11) is a circle of radius /11 with center at the origin.

Figure 25

Figure 26

2
2+12=5 & (2—07+(y—0)7°= (\/5> is a circle of radius /5 with center at the origin.
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2.2 EXERCISES 65

(z+3)* + (y — 2)* = 9 is a circle of radius r = /9 = 3 with center C'(—3,2). To determine the center from the
given equation, it may help to ask yourself “What values makes the expressions (z + 3) and (y — 2) equal to zero?”

The answers are —3 and 2.

=
=

Figure 27 Figure 28
(z — 3)% + (y + 2)? = 4 is a circle of radius r = /4 = 2 with center C'(3, —2).

(z + 3)* + 32 = 16 is a circle of radius r = /16 = 4 with center C'(—3,0).

=
=

Figure 29 Figure 30
2? + (y — 2)* = 25 is a circle of radius r = /25 = 5 with center C(0, 2).

[B1]42? +4y> =1 = 2% +y? = Lisacircle of radius 7 = /1 = L with center C(0,0).

y y

=
=

Figure 31 Figure 32

[32] 922 + 9y> =4 = 2’ +y’ =} isacircle of radius 7 = \/g = 2 with center C(0,0).
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66 2.2 EXERCISES

As in Example 9, y = —+/16 — 22 is the lower half of the circle 2% + 3> = 16.

y y

Figure 33 Figure 34

y = /4 — 22 is the upper half of the circle 22 + > = 4.
[35] z = /9 — 42 is the right half of the circle 22 + 3> = 9.

y y

=
=

Figure 35 Figure 36

& = —+/25 — 42 is the left half of the circle 22 + 3* = 25.
Center C'(2,-3), radius 5 o (z—2)°+[y— (-3)"=5> & (z—-2°+(y+3)>=25
Center C(—5,1),radius 3 o [z— (=5)"+(y—1°=3> & (z+5)°+(@y—-1)7=9

Center C'(1,0), radius /5 o (z— i)Z +(y—0)7= (\/3)2 & (z-— i)Z +12=5

Center O(3, ~2). radivs 3y/2 o (x— )+ [y~ (-3)]'= (3v2) & (2-2)"+ (y+3)’ =18

An equation of a circle with center C'(—4, 6) is (z + 4)2 + (y— 6)2 =r2,
Since the circle passes through P(3,1), we know that x = 3 and y = 1 is one solution of the general equation.
Letting z = 3 and y = 1 yields 7% + (—5)2 =72 = 7r?=74. Anequationis (z + 4)2 + (y — 6)2 = 74.

An equation of a circle with center at the origin is 2% + 3* = r2.

Lettingz = 4and y = —7 yields 42 + (—7)* =12 = r2=65. 22 +y*> =65

“Tangent to the y-axis” means that the circle will intersect the y-axis at exactly one point. The distance from the
center C'(—3, 6) to this point of tangency is 3 units—this is the length of the radius of the circle.
An equation is (z 4 3)* 4 (y — 6)> = 9.

“Tangent to the y-axis” means that the circle will intersect the y-axis at exactly one point. The distance from the
center C'(—5, —7) to this point of tangency is 5 units—this is the length of the radius of the circle.
An equation is (z + 5)* 4 (y + 7)* = 25.
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2.2 EXERCISES 67
The circle is tangent to the z-axis and has center C'(4, —3).
Its radius, 3, is the distance from the z-axis to the y-value of the center. An equation is (z — 4)* + (y + 3)* = 9.

The circle is tangent to the z-axis and has center C'(2, 8).

Its radius, 8, is the distance from the z-axis to the y-value of the center. An equation is (z — 2)* + (y — 8)* = 64.
Since the radius is 2 and C(h, k) is in QII, h = —2 and k = 2. An equation is (z + 2)> + (y — 2)* = 4.
Since the radius is 3 and C'(h, k) is in QIV, h = 3 and k = —3. An equation is (z — 3)* + (y 4+ 3)> = 9.

The center of the circle is the midpoint M of A(4, —3) and B(—2,7). M4p = (1,2). The radius of the circle is

Lo d(AB) = 5[l — (2P + (=3-7)" = }/36+ 100 = /136 = } /434 = V/34

An equation is (z — 1)2 +(y— 2)2 = 34.

Alternatively, once we know the center, (1,2), we also know that the equation has the form
(z —1)* 4 (y — 2)* = r2. Now substitute 4 for z and —3 for y to obtain
R4 (=5)2=r = 9+25=120rr2=34.

As in the solution to Exercise 49, M 5 = (—1,4) and r = % -d(A,B) = %\/% = \/%
An equation is (z + 1)2 + (y— 4)2 = 20.

[51] 22 + > — 42 4 6y — 36 = 0 {complete the square on = and y} =
2 —dr+ 4 +2+6y+9 =36+4+9 = (z-2)°+(y+3)°=49.

This is a circle with center C'(2, —3) and radius r = 7.

52] 2% + 9> + 82 — 10y +37=0 = 2>+8x+ 16 +1y> —10y+ 25 =37+ 16 + 25 =
(z+4)°+ (y—5)° =4. C(=4,5);7r =2

(53] 2% + 3> + 4y — 7 = 0 {complete the square on z and y} = 2’ + > +4y+4 =7+4 =
22+ (y+2)° =11, This is a circle with center C'(0, —2) and radius = /11.

54] 22+ 92 — 102 +18=0 = a>—10x+ 25 +1°=—18425 = (z—5)12+12=17 C(5,0):r=/7

[55] 222 + 29> — 122 + 4y — 15 = 0 {add 15 to both sides and divide by 2} =
2® +y? — 6z + 2y = L2 {complete the square on z and y} =
-6+ 9 +P+2+1=24+94+1 = (-3°+(@y+1)’=2.

This is a circle with center C(3, —1) and radius r = $+/70.

[56) 42> + 432 + 1624+ 24y +31=0 = 2 +y’+42+6y=-31 =
Ptdr+ 4+ +6y+9=-2+4+9 = (@+2°+(@y+3)° =24 C(—2,-3);r = 3y/21

57| 2>+ > + 42 —2y+5=0 = 2*+4de+4+1>—-2y+1=-5+4+1 =
(z+2)*+ (y—1)>=0. C(=2,1); 7 = 0 (a point)

(58] 2% +4? — 62 —4y+13=0 = 2> —62+9 +1> —4dy+4=—13+9+4 =

4
(z—3)"+ (y—2)* = 0. C(3,2); r = 0 (a point)
59] 22 + 1> — 22 —8y+21=0 = a2?—2x+ 1 +y>—8y+ 16 =—-21+ 1+ 16 =

(x —1)® 4 (y — 4)> = —4. This is not a circle since 2

cannot equal —4.
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68 2.2 EXERCISES

60] 22+ 132 +4dx+6y+16=0 = 2*+4cx+4 +>+6y+9=-164+4+9 =

(z +2)* 4 (y + 3)° = —3. This is not a circle since r? cannot equal —3.

To obtain equations for the upper and lower halves, we solve the given equation for y in terms of x.
2?2+ =25 = yYP=25—2> = y=425-22
The upper halfis y = /25 — x2 and the lower halfis y = —/25 — z2.

To obtain equations for the right and left halves, we solve the given equation for z in terms of y.
24+ =25 = 22=25-—9y = x=4/25—192
The right half is © = /25 — y? and the left half is © = —/25 — y2.
(x+3°+12=64 = P =64—(z+3)° = y==+/64—(z+3)°
(z+324+12=64 = (24+3)°=64—1 = z+3=+64—12 = z=-3+,/64—>

To obtain equations for the upper and lower halves, we solve the given equation for y in terms of z.

(z-2"+@w+1)°=49 = (y+1)1’=49-(z-2)° = y+1=+44/49— (z -2 =
y=—1+41/49 — (z —2)°.
The upper halfis y = —1 + /49 — (z — 2)* and the lower halfis y = —1 — /49 — (z — 2).

To obtain equations for the right and left halves, we solve the given equation for = in terms of y.
(z—224y+1)°=49 = (z—-27=49—(y+1)? = z-2=4/49—(y+1)* =
x=2+1/49 — (y+1)°. Theright halfis z = 2 4+ 1/49 — (y + 1)* and the left halfis 2 = 2 — /49 — (y + 1)°.
64] (—3)°+(y—5°=4 = (y—5"=4—(x-3)° = y-5s=+/4—(z-3)° =
y=5++/4—(z—3)>
(z—324y-5°=4 = (-3)°=4—(y—5)° = z-3=+/4—(y—5)° =
r=3+1/4—(y—5)>~

From the figure, we see that the center of the circle is the origin, (0,0), and the radius is 5. Using the standard form
of an equation of a circle, (z — h)* + (y — k)* = r2, we have (z — 0)> + (y — 0)* = 52,
or 22 4+ y* = 5% {or use 25}.
From the figure, we see that the center of the circle is the origin, (0, 0), and the radius is 1. Using the standard form
of an equation of a circle, (z — h)® + (y — k)* = r%, we have (z — 0)* + (y — 0)> = 12, or 22 4 32 = 12 {or use
1}.
From the figure, we see that the diameter {look at the z-values of the rightmost and leftmost points} of the circle is

1 — (—=7) = 8 units, so the radius is 3(8) = 4. The center (h, k) is at the average of the extreme values; that is,

-7+1 —2+6
h = ;_ = —3, and similarly, k = 0 _ 2. Using the standard form of an equation of a circle,
(z—h)* + (y— k)> =% wehave [z — (—=3)]* + (y — 2)> = 42, or (z + 3)” + (y — 2)° = 42 {or use 16}.
—2+4+4 —5+1
diameter = 4 — (—2) = 6; radius = (6) = 3; h = ;_ =landk = 2+ =-2

An equation is (z — 1)* + [y — (=2)]* = 3%, or (z — 1)* + (y + 2)* = 32 {or use 9}.
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2.2 EXERCISES 69

The figure shows the lower semicircle of a circle centered at the origin having radius 4. The circle has equation
22 +y? = 4%. We want the lower semicircle, so we must have negative y-values, indicating that we should solve
for y and use the negative sign. 22 +3?=4> = y?=4>-2? = y=4/42 22, s0y=—/42—2%is
the desired equation.

2+ =3 = 22=3—9y* = x=24./32—19y% so x=—+/32 —? is the desired equation since we
want negative x-values.

24+ =22 = P2=22-2? = y=422-22 s0y= /22— 2?2 is the desired equation since we want
positive y-values.

24+ =6 = 22=62-1y* = x=462—192 s0x=/62—12is the desired equation since we want

positive x-values.

We need to determine if the distance from P to C' is less than r, greater than r, or equal to r and hence, P will be

inside the circle, outside the circle, or on the circle, respectively.
(@) P(2,3),C(4,6) = d(P,C)=+\/44+9=\13<r{r=4 = PisinsideC.
(b) P(4,2),C(1,-2) = d(P,C)=+/9+16=5=r{r=5} = PisonC.
(c) P(=3,5),C(2,1) = d(P,C)=+/25+16= /41 >r{r=6} = Pisouside C.
[74] (a) P(3,8),C(-2,—4) = d(P,C)=+/25+144=13=r{r=13} = PisonC.
(b) P(~2,5),C(3,7) = d(P,C)=+/25+4=1/29<r{r=6} = PisinsideC.
(c) P(1,-2),C(6,-7) = d(P,C) \/m—\/_o>r{r—7} = Pisoutside C.
(@) To find the z-intercepts of 2> + y*> — 42 — 6y + 4 = 0, let y = 0 and solve the resulting equation for z.
??—dr+4=0 = (2-2°=0 = 2-2=0 = z=2.
(b) To find the y-intercepts of 2 + y> — 42 — 6y + 4 = 0, let x = 0 and solve the resulting equation for .

6i\/§6—16:6j:22\/3:3i\/3'

y2—6y+4:0 = y=

10 £ /100 — 52
[76](a) 22+ — 107 +4y+13=0 & y=0 = 2°—107+13=0 = x:fzsﬂ\/%

—4+£+/16 — 52
5 .
The negative discriminant implies that there are no real solutions to the equation and hence, no y-intercepts.

(b) 2249 —10x+4y+13=0 @ =0 = P +4y+13=0 = y=

P+ 44r—6y+4=0 < (x+2)*+ (y—3)*=9. Thisis a circle with center C'(—2, 3) and radius 3.
The circle we want has the same center, C'(—2, 3), and radius that is equal to the distance from C to P(2, 6).
d(P, C) = /16 + 9 = 5, so an equation is (z 4+ 2)* + (y — 3)* =
By the Pythagorean theorem, the two stations are d = /1002 + 802 & 128.06 miles apart. The sum of their radii,

80 + 50 = 130, is greater than d, indicating that the circles representing their broadcast ranges do overlap.

The equation of circle C is (z — h)? 4 (y — 2)* = 22. If we draw a line from the origin to the center of Cy, we
form a right triangle with hypotenuse 5 — 2 {Cy radius — C) radius} = 3 and sides of length 2 and h. Thus,
h24+22=3" = h=./5.
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The equation of circle C is (z — h)? 4 (y — 3)* = 22. If we draw a line from the origin to the center of Cy, we
form a right triangle with hypotenuse 5 + 2 {C, radius + C; radius} = 7 and sides of length 3 and h. Thus,
h?+3*=17" = h=./40.

The graph of y; is below the graph of ys to the left of x = —3 and to the right of x = 2. Writing the z-values in
interval notation gives us (—oo, —3) U (2, 00).

Note that the y-values play no role in writing the answer in interval notation.

y1 < y2 between x = —8 and = = 8§, so the interval is (—8, 8).

y1 < ya between z = —1 and « = 1, excluding = = 0 since y; = y» at that value, so the interval is (—1,0) U (0,1).

11 < yo to the left of x = —8§, between x = —1 and = = 1, and to the right of x = 8, so the interval notation is
(=00, —8) U (—1,1) U (8, 00).

The viewing rectangles significantly affect the shape of the circle. The second viewing rectangle results in a graph
that most looks like a circle.

T
o Ll

(3) [_27 2] by [_57 5} (4) [_5» 5] by [_23 2]

(a) From the graph, there are two z—intercepts and two y—intercepts.
(b) Using the free-moving cursor, one can conclude that |z| + |y| < 5 is
true whenever the point (z, y) is located inside the diamond shape. /

Assign 23 — %xQ — g—gx + g—‘é to Y;. After trying a standard viewing rectangle, we see that the x-intercepts are near

the origin and we choose the viewing rectangle [—6, 6] by [—4, 4]. This is simply one choice, not necessarily the
best choice. For most graphing calculator exercises, we have selected viewing rectangles that are in a 3:2
proportion (horizontal : vertical) to maintain a true proportion. From the graph, there are three x-intercepts. Use a

root feature to determine that they are —1.2, 0.5, and 1.6.
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2.2 EXERCISES 71

[—6,6] by [4,4] [—6,6] by [-4,4]

Figure 87 Figure 88
From the graph, there are four z-intercepts. They are approximately —1.8

Make the assignments Y; = 2 4+ x, Yy = /1 — 22, and Y3 = —Y,.
intersection. They are approximately (0.6, 0.8) and (—0.6, —0.8).

,—0.7,0.3 and 1.35.

From the graph, there are two points of

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

B B
% A

Figure 89

Make the assignments Y; = 3zt — 3 YQ vV1—22 and Y3 = —Y
intersection. They are approximately (£0.9,0.4) and ( +0.7,—0.7).

Figure 90

. From the graph, there are four points of

Depending on the type of graphing utility used, you may need to solve for y first.
x2+(y71)2:1 = yzl:t\/lfo;(x—%)Zer?:l = y== \/j
Make the assignments Y; = /1 — 22, Yo =1+ Y, Y35=1—-Y1, Yy = ? and Y; =Y,

Be sure to “turn off” Y, before graphing. From the graph, there are two points of intersection.
They are approximately (0.999, 0.968) and (0.251,0.032).

[—3,3] by [-2,2] [—3,3] by [-2,2]

e
2 @ )
N

Figure 91 Figure 92

02 (z + 1) +(y- 1P =1 = y=1£/I-@+D)5 @+ +(y-1)"=1 =

3
y=1+4/1—(z+ %)2 From the graph, there are two points of intersection.

They are approximately (—0.79,1.46) and (—1.46,0.79).
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The cars are initially 4 miles apart. The distance between them decreases to 0 when they meet on the highway after

2 minutes. Then, the distance between them starts to increase until it is 4 miles after a total of 4 minutes.

[0,4] by [0, 4] [0, 6] by [0, 20,000, 5000]

Figure 93 Figure 94

At noon on Sunday the pool is empty since when x =0, A = 0. It is then filled with water, until at noon on

Wednesday (z = 3), it contains 18,000 gallons. It is then drained until at noon on Saturday (x = 6), it is empty

again.
(@) v=1087 T—2i—7:2))73 o T=20°C = v=1087 % ~ 1126 ft/sec.
(b) Algebraically: v = 1000 = 1000 = 1087 T;?S T;??’ 182‘;
2 ) )
d ;?,)73 18222 = T+273= % . 275’105330 973~ 49°C.

Graphically: Graph Y, = 1087/(T + 273)/273 and Y, = 1000.
At the point of their intersection, 7' ~ —42°C.

[—50, 50, 10] by [900, 1200, 100] (14, 16] by [95, 105]

- /

/

/

Figure 95 Figure 96

The horizontal lines (y = 99 and y = 101) intersect the graph of A = (\/5/4) s?at s~ 15.12,15.27.
Thus, if 15.12 < s < 15.27, then 99 < A < 101.
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2.3 Exercises

_ -y (4-2 -6

M] A(-3,2),B(5,-4) = map= = - _

1‘27171_5*(*3) 8

73

Figure 1 Figure 2
yo—y  —3—(=1) -2
A(4,-1), B(—6,— = = = =z
2 AW =D, B6,28) = man = = e = Ty
- 4-4
Bl A(3,4), B(-6,4) = map= iz — i_ll =5 3" _% = 0 {horizontal line}
y y
B A

Figure 3

y2—y1 2—(=3) 5
A4 B(4,2) = mup= = =2
@ ( ) 3)9 ( ) ) AB ) ) 4 4 0

=

Yo — Y1 5—2 3
A —3 2), B —3 5 = m = = = —
@ ( ) )’ ( ) ) AB ) | 3 ( 3) 0

Figure 4

m is undefined {vertical line}

= m is undefined {vertical line}

y y
B i
A I
] - A
+ X
B T A
Figure 5 Figure 6
- —2— (=2
6] A(4,-2),B(-3,-2) = map= Y2 UL (=2) -0 0 {horizontal line}
To — I -3—-4 -7

To show that the polygon is a parallelogram, we must show that thi
A(-2,1), B(6,3), C(4,0), D(—4,—2)

e slopes of opposite sides are equal.

1 3
= MAB = 37 = MpC and mpy = 5 = mcp-
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74 2.3 EXERCISES

To show that the polygon is a trapezoid, we must show that the slopes of one pair of opposite sides are equal.
A<073)s B(37_1)a0(_27_6)$ D(_872) = MAB = _% = mcp.

[9] To show that the polygon is a rectangle, we must show that the slopes of opposite sides are equal (parallel lines)
and the slopes of two adjacent sides are negative reciprocals (perpendicular lines).

A(6,15), B(11,12), C(—1,-8), D(—6,-5) = mpa =3 =mepandmap = —2 = mpc.

To show that the polygon is a right triangle, we must show that the slopes of two adjacent sides are negative

reciprocals (perpendicular lines). A(1,4), B(6,—-4), C(=15,-6) = map=—35andmac = 3.

[11] A(—1,—3) is 5 units to the left and 5 units down from B(4,2). The fourth vertex D will have the same relative
position from C(—7,5), that is, 5 units to the left and 5 units down from C. Its coordinates are
(=7-5,5—-5)=(-12,0).

2] Let £ = M, — (;z:1+:c27y1+y2)’ F = Mpe — (z2+x37y2+y3)’ G = Mqp— (x3+x4’y3+y4)’ and

2 2 2 2 2 2
H=Myp= (331 ; T , il ; Y1 ) The slopes of opposite sides are equal (or lines are vertical).
mer = meg = 29 and mpg = mpy = 22
T3 — T Ty — T2

m=3, -2, %, —i e Lines with equation y = ma pass through the origin. Draw lines through the origin with
slopes 3 {rise =3, run =1}, —2 {rise = —2, run = 1}, % {rise = 2, run = 3}, and —i {rise = —1, run = 4}.

A negative “rise” can be thought of as a “drop.”

Figure 13 Figure 14
m:59_33%9_% L

[15] Draw lines through the point P(3,1) with slopes % {rise =1, run =2}, —1 {rise = —1, run =1}, and —%

{rise = —1, run = 5}.

Figure 15 Figure 16
P(7274)5m:17 725 7% L4
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2.3 EXERCISES 75

A 5 5
From the figure, the slope of one of the lines is A—y =7 so the slopes are iZ.
x

Using the point-slope form for the equation of a line with slope m = j:g and point (x1, y1) = (2, —3) gives us
y—(-3)=+3(z—2),0ory+3==+53(z-2).
Ay

3 3
1 = — = - he sl +-—.
18] m 4,sotesopesare

Using the point (21, y1) = (—1,2) givesusy — 2 = £3[z — (=1)],ory —2 = £3(z + 1),

The line y = 1x + 3 has slope 1 and y-intercept 3. The line y = 12 + 1 has slope 1 and y-intercept 1.
The line y = —1x + 1 has slope —1 and y-intercept 1. Check your graph for parallel and perpendicular lines.

y y

Figure 19 Figure 20
y=—-2c—1l,y=-2zx+3,y= %x + 3 e Check your graph for parallel and perpendicular lines.

[21] (a) “Parallel to the y-axis” implies the equation is of the form 2 = k.
The z-value of A(3,—1) is 3, hence = = 3 is the equation.

(b) “Perpendicular to the y-axis” implies the equation is of the form y = k.

The y-value of A(3,—1) is —1, hence y = —1 is the equation.
[22] (a) The line through A(—4,2) and parallel to the z-axis is y = 2.
(b) The line through A(—4,2) and perpendicular to the z-axis is © = —4.

Using the point-slope form, the equation of the line through A(5, —3) with slope —4 is
y—(-3)=—-4(z—-5) = y+3=—-4z+20 = 4dr+y=1T7.

Using the point-slope form, the equation of the line through A(—1,4) with slope % is
y—4=2z—(-1)] = 5y-4)=2@x+1) = 5y—20=22+2 = 2z-—5y=-22

[25] A(4,1); slope —% {use the point-slope form of a line} =
y—l=—-3(x—-4) = 3y-1)=-1(z—4) = 3y-3=-z+4 = z+3y="7

[26] A(0,—2);slope5 = y+2=5zx—-0) = y+2=5r = br—y=2

A(4,-5), B(—=3,6) = myup = —+. By the point-slope form, with A(4, —5), an equation of the line is
y+5=—-(z—-4) = Ty+5)=-1l(z—4) = Ty+35=—1lz+44 = 1lla+T7y=09.

A(-3,2), B(4,—4) = map = —35. By the point-slope form, with A(—3,2), an equation of the line is
y—2=-%(z+3) = 7(y—2)=-6(x+3) = Ty—14=-6z-18 = 6r+Ty=—4
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A(-3,5), y-intercept —2 e Use the slope-intercept form with b = —2 to get y = mx — 2. The slope of the line
through A(—3,5) and B(0,-2)is —I. y=—Iz -2 = 3y=-Te -6 = To+3y=—6.

[30] A(1,8), y-intercept 5 e Use the slope-intercept form with b = 5 to get y = ma + 5. The slope of the line through

(
A(1,8) and B(0,5)is3. y=3z+5 = 3z—y= —b.

(2,10), B(=3,0) = mup=2.y—0=2(z+3) = y=2x+6 = 2x—y=—6.
(-1

,6), B(5,0) = mup=-1.y-0=-1(z—-5) = y=—-x+5 = z+y=5

B3] 52 —2y =4 & 5z —4=2y & y= 32z —2. Using the same slope, 2,

y+1=32(x-3) = 2@y+1)=5(x—-3) = 2y+2=5z-15 = br—2y=1T.

with A(3, —1), gives us

B4lz+3y=1 & y=—2+1 < y———m+ . Using the same slope, — w1thA( ,b), gives us
y—5=—-4(z+3) = 3y715:7x73 = z+3y=12.

35|20 —5y =8 & 20—8=5y & y= %x - % The slope of this line is %, so we’ll use the negative
reciprocal, —3, for the slope of the new line, with A(7, —3).
y+3=-3(x—-7 = 2y+3)=-5@-7 = 2y+6=-5r+35 = br+2y=29

3zr+2y=7 & y= ——x + . Using the negative reciprocal of — for the slope, with A(5,4),
y—4==z (x75) = 3y—12=2xz-10 = 2z-—3y=-2.

[37] A(4,0), B(0,-3) = map=3.
Since B is the y-intercept, we use the slope-intercept form with b = —3 to get y = %m - 3.

A(-6,0), B(0,-1) = mup= —%. Using the slope-intercept form with b = —1 gives us y = —%x - 1.
A(5,2), B(—1,4) = muap = —3. By the point-slope form, with A(5,2), an equation of the line is

y—2=—3(x—-5) = y=-3r+5+2 = y=-—zz+.

—

A(=3,1),B(2,7) = map = 2. By the point-slope form, with A(—3, 1), an equation of the line is
y—1=%+3) = y=%24+8+1 = y=5tz+2

w

We need the line through the midpoint M of segment AB that is perpendicular to segment AB.

A(3,-1), B(—2,6) = Myp= (1 ) and myp = 7% Use Mg and m = 2 1n the point-slope form.
y—g:%(x—%) = 7(y—5) ( ) = 7y———5:c—g = bz —Ty=—15.
A(4,2), B(-2,-6) = Mup=(1,—-2)and mp = % Use M pand m = —2 1n the point-slope form.

y+2=-3(x-1) = 4y+8= =3z +3 = 3r+4y=-5.
An equation of the line with slope —1 through the originis y — 0 = —1(z — 0),ory = —z.

An equation of the line with slope 1 through the origin is y — 0 = 1(x — 0), or y = .
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2.3 EXERCISES 77

We can solve the given equation for y to obtain the slope-intercept form, y = mz + b.
20=15-3y = 3y=-22+15 = y=-2x+5m=-3b=>5

y y

=
=

Figure 45 Figure 46

[46] Tz = -4y —8 = —dy=T2+8 = y=-Iz-2m=-1b=-2

NN

[47]4z -3y =9 = -3y=-42+9 = y=1z—-Zm=40b=-3

y y

=
=

Figure 47 Figure 48

48]z —5y=-15 = —Sy=—-2-15 = y=Lla+3m=10b=3

Tt

(a) An equation of the horizontal line with y-intercept 3 is y = 3.
(b) An equation of the line through the origin with slope —% isy=— %:c
(c) An equation of the line with slope —2 and y-intercept 1 is y = —3z + 1.
(d) An equation of the line through (3, —2) with slope —1is y + 2 = —(z — 3).
Alternatively, we have a slope of —1 and a y-intercept of 1, i.e., y = —x + 1.
(a) An equation of the vertical line with z-intercept —2 is x = —2.
(b) An equation of the line through the origin with slope % isy= %m.
(c) An equation of the line with slope % and y-intercept —2 is y = %x - 2.
(d) An equation of the line through (—2, —5) with slope 3is y + 5 = 3(z + 2).
Alternatively, we have a slope of 3 and a y-intercept of 1, i.e., y = 3z + 1.

[51] Since we want to obtain a “1” on the right side of the equation, we will divide each term by —10.

5 2 -10 . . . .
—_fO — __1y0 =0 & % + % = 1. The z-intercept is —2 and the y-intercept is 5.

[52] Since we want to obtain a “1” on the right side of the equation, we will divide each term by 12.
4 3 12 . . . .
% — % =1z & % + %4 = 1. The z-intercept is 3 and the y-intercept is —4.
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78 2.3 EXERCISES

Since we want to obtain a “1” on the right side of the equation, we will divide each term by 6.

4 2 6 2 . . . .
% - Fy =% & ?I — % =1 & % % = 1. The z-intercept is % and the y-intercept is —3.
T 3y -2 T Y . . . .2
54 5" ® S5tI- 1. The z-intercept is —2 and the y-intercept is 3.

w

[55] The radius of the circle is the vertical distance from the center of the circle to the line yy = 5, that is,
r=5—(—2) =7. With C(3,—2), an equation is (z — 3)> + (y + 2)? = 49.
The line through the origin and P is perpendicular to the desired line.
This line has equation y = %x, so the desired line has slope —%.
With P(3,4), anequationisy —4 = —3(z —3) = y=-3z4+2+4 = y=-3z42
The y-intercept is 1 (in millions of dollars), so when no widgets are produced, production costs are $1 million. The
slope is shown as positive %, with the 3 in thousands, so for every 3000 widgets produced, production costs increase
$1 million.

The y-intercept is 15 (in gallons of gas remaining), so after filling the gas tank and driving 0 miles, the driver has 15

1

gallons in the tank. The slope is shown as — ¢,

so for every 26 miles driven, the number of gallons remaining in

the tank decreases 1 gallon.

(@) The L-intercept of the graph of the equation L = 1.53¢t — 6.7 is —6.7, which has no meaning since the length
cannot be negative. When ¢ = 12, L = 1.53(12) — 6.7 = 11.66 cm, which is the shortest length for which this

model applies.

(b) The slope is 1.53, so for every increase of 1 week in time, there is an increase of 1.53 cm in length.

28 + 6.7 .
() L=28 = 153t—67=28 = t= %53 ~ 22.68, or approximately 23 weeks.
0.35 — 0.03
S =003+1805C ¢ S=0.35 = 0.03+1.805C =035 = C= T~ 0.177.

(@) The W -intercept of the graph of the equation W = 1.70L — 42.8 is —42.8, which has no meaning since the
weight cannot be negative. When L = 30, W = 1.70(30) — 42.8 = 8.2 tons, which is the smallest weight for
which this model applies.

(b) The slope is 1.70, so for every increase of 1 foot in length, there is an increase of 1.7 tons in weight.
(c) W=170L—428 o L =40 = W =1.70(40) —42.8 = 25.2 tons
(d) Errorin L =42 = Errorin W = 1.70( £ 2) = +3.4 tons

62](a) L=at+band L =24whent=0 = L =at+ 24.

L=53whent=7 = 53=7a+24 = a=2andL=2t+24.
(b) From part (a), the slope is 2 ft/month = 2% ft/day ~ 1.657 inches/day.
(c) W=at+band W =3whent=0 = W =at+3.

W=23whent=7 = 23=Ta+3 = a=%andW =32t+3.

(d) From part (c), the slope is 2 tons/month = 2 tons/day ~ 190.476 pounds/day.
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2.3 EXERCISES 79
change in y from the beginning of the season 5—0 5
a = = =
@) y=ma change in x from the beginning of the season
(b) 2 =162 = y=2(162)~58.

change in y for the year 18,000 — 0 18,000
@) y=maz change in x for the year ) (31 +28+24) — 0" 83

(b) 2 =365 = y=1200(365)~ 79,157.

(a) Using the slope-intercept form, W = mt + b = mt + 10.
g P P
W =30whent=3 = 30=3m+10 =
m =2 and W = 2¢ + 10.

b) t=6 = W=2()+10 = W=50Ib

() W=70 = 70=2¢t+10 = 60=2t = t=9yearsold

(d) The graph has endpoints at (0, 10) and (12, 90).

(a) Using the slope-intercept form, P = mt + b = mt + 8250.
P = 8125 when t = 1 {after one payment} =
8125 =m + 8250 = m = —125and P = —125¢ 4 8250.

(b) P=5000 = —125t+ 8250 =5000 = 1
—125¢t = —3250 = t = 26 months 1090 T .

(c) 8122550 = 66 payments. The graph has endpoints at (0,8250) and

(66, 0).
Using (10, 2480) and (25,2440) {since an increase of 15°C lowers H by 40}, we have
2440 — 2480 —40 8
H—-2440= ———(T — 25 H—2440= ——(T — 25 H—2440=——(T — 25
%10 ) = 5 ¢ ) = 3 ) =
7320 8 200 8 7520
H-===-3T+5 = H=-3T+5".
. 40 — 100
(a) Using (1800, 100) and (5000, 40), we have P — 40 = m(h —5000) =

_ 3 6400 __ 3 15,000 _ 3 21,400
P*40—*m(h*5000) = P*W—*mh‘i’ ‘iGO = P—*ﬁhﬁ’ 160 =

P = —335h + 35 for 1800 < h < 5000.

4
(b) h=2400 = P =—3:(2400) + 35 = —180 4 535 = 355 or 88.75%.

(a) Using the slope-intercept form with m = 0.032 and b = 13.5, we have 7' = 0.032¢ + 13.5.
(b) t =2020—-1915=105 = T =0.032(105)+ 13.5 = 16.86°C.

(a) Using (1870,11.8) and (1969, 13.5), we have

13.5—11.8 1.7
T-135=—2" """ (t_1 T=—""(t—1 13.5.
3.5 = Jocs1gg( — 1969). or 5 (£ = 1969) +13.5
1.7 1.7 99
(b) T=125 = 125-135= o (t—1969) = -—1=o(t-1969) = - =1-1969 =

t ~ 1910.76, or during the year 1910.
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80 2.3 EXERCISES

(a) Expenses (E) = ($1000) + (5% of R) + ($2600) + (50% of R) =
EF =1000+ 0.0bR 4+ 2600 + 0.50R = FE = 0.55R + 3600.
(b) Profit (P) = Revenue (R) — Expenses (£) = P =R — (0.55R +3600) =
P=R—-055R—-3600 = P =045R — 3600.
(c) Break even means P wouldbe 0. P=0 = 0=045R — 3600 =
0.45R = 3600 = 1R =3600 = R =3600(12) = $8000/month

(a) a =100 gives us y = 2(t + 1) with endpoints (0, %) and 100 ..y
(12, %), and y = 8¢ with endpoints (0, 0) and (12,96). 1

Friend's rule
(b) 5;(t+1)a=2ta = L{t+1)=4t =
25(t+1)=24(2t) = 25t+25=48t =
26=23t = t= % yr =~ 13 months

Cowling's rule

1 1217

The targets are on the z-axis {which is the line y = 0}. To determine if a target is hit, set ¥y = 0 and solve for z.
(@ y—2=-1(x—1) = =xz+y=3 y=0 = z=3andacreatureis hit.
(b) y—2=-3(z—3) = 42+9y=21. y=0 = a=>5.25andno creature is hit.
[74](a) C =FandC=3(F—-32) = F=3F-32) = 9F=5F-160 = 4F=-160 =
F = —40.
(b) F=2CandC=3(F-32) = C=32(2C-32) = 9C=10C-160 =

C = 160 and hence, F' = 320.

- ~ 922
s= 22 ;’; = 0.07= 2 = 0.07(185) = vy — 22 = vy =22+ 12.95 = 34.95 mi/hr.
2 — 14

185 -0
From Exercise 75, the average wind shear is s = ;f — Zl .
: 1 v h\" v ho\”
We know v; = 32 at h; = 20. We need to find vy at hy = 200. 2 (2 = 2-(2
) ha V1 hy

ho\ " 200\ " 2(10°1%) — 32
vy =g (h—j> =32 <ﬂ> . Thus, s = 32(1077) — 32 ~ 0.062 (mi/hr)/ft.

20 200 — 20
—1.11905 — (—1.
The slope of AB is 0922 E ] 2?98) = (0.321. Similarly, the slopes of BC' and C'D are also 0.321.

Therefore, the four points all lie on the same line. Since the common slope is 0.321, let a = 0.321.
y=0.321z+b = -1.3598=0.321(—-1.3)+b = b= —0.9425.

Thus, the points are linearly related by the equation y = 0.321x — 0.9425.
The slopes of AB and BC' are both —0.44, whereas the slope of C'D is approximately —1.107.
Thus, the points do not lie on the same line.

z—3y=-58 & y=(r+58)/3and3z —y=-70 & y=3x+70. Assign (z+ 58)/3 to Y, and 3z + 70
to Y,. Using a standard viewing rectangle, we don’t see the lines. Zooming out gives us an indication where the

lines intersect and by using an intersect feature, we find that the lines intersect at (—19, 13).
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2.3 EXERCISES 81

[—30,3,2] by [~2,20, 2] [—12,12] by [—2, 14]
= —_‘_‘——
i £
Figure 79 Figure 80

r+10y=123 & y=(—z+123)/10and 2z —y = —6 < y=2x+6. Assign (—z + 123)/10 to Y; and
y = 2x + 6 to Yo. Similarly to Exercise 79, the lines intersect at (3, 12).

From the graph, we can see that the points of intersection are A(—0.8, —0.6), B(4.8, —3.4), and C'(2,5). The lines
intersecting at A are perpendicular since they have slopes of 2 and —%. Since d(A, B) = 1/39.2 and
d(A,C) = +/39.2, the triangle is isosceles. Thus, the polygon is a right isosceles triangle.

[—15,15] by [~10, 10] [—3,3] by [-2, 2]

Figure 81 Figure 82

The equations of the lines can be rewritten as y= {52+ 0.17, y=—42z—1.9, y= ;52— 1.3, and
y = —4.2x 4+ 3.5. From the graph, we can see that the points of intersection are approximately A(0.75,0.35),
B(1.08,-1.04), C(—0.14,—1.33), and D(—0.47,0.059). The first and third lines are parallel as are the second
and fourth lines. In addition, these pairs of lines are perpendicular to each other since their slopes are —4.2 and ﬁ

Since d(A, B) ~ 1.43 and d(A, D) =~ 1.25, it is not a square. Thus, the polygon is a rectangle.

The data appear to be linear. Using the two arbitrary points (0.6, 1.3) and (4.6, 8.5), the slope of the line is

8.5—1.3 . o
1606 1.8. An equation of the lineis y — 1.3 = 1.8(z — 0.6) = y = 1.8z +0.22.
If we find the regression line on a calculator, we get the model y ~ 1.84589x + 0.21027.
0,5] by [0, 10] [0,5] by [0,3.5]
Figure 83 Figure 84

The data appear to be linear. Using the two arbitrary points (0.4,2.88) and (4.4, 0.68), the slope of the line is
0.68 — 2.88
A4-04 - —0.55. An equation of the line is y — 2.88 = —0.55(x — 0.4) = y= —0.55z+ 3.1.
If we find the regression line on a calculator, we get the model y ~ —0.54951x + 3.09621.
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82 2.3 EXERCISES

(a) Plot the points with the form (Year, Distance): (1911, 15.52), (1932, 15.72), (1955, 16.56), (1975, 17.89), and
(1995, 18.29).
(b) To find a first approximation for the line use the arbitrary points (1911,15.52) and (1995,18.29). The

resulting line is Dy =~ 0.033Y — 47.545. Adjustments may be made to this equation. If we find the regression
line on a calculator, we get the model D ~ 0.03648Y — 54.47409.

(c) Using D; from part (b), when & = 1985, y = 17.96 (so the distance is 17.96 meters)—almost equal to the

actual record of 17.97 meters.

(1900, 2010, 20] by [15, 20] (1900, 2010, 20] by [210, 260, 10]

Figure 85 Figure 86

(b) For an approximation for the line, we’ll use the first and last points given; that is, (1913,254.4) and
223.1 — 254.4
1999,223.1). Th ints determine the line 7' — 2544 = ——— (Y — 1913) =
( , ) ese points determine the line 1999 — 1913 ( )

T ~ —0.36395Y + 950.643. The regression line is y ~ —0.37455x + 970.58262.
(c) T = —-0.36395(1985) + 950.643 =~ 228.2 seconds, which is off by 1.9 seconds.

(d) The slope of the line is approximately —0.4. This means that on the average, the record time for the mile has

decreased by 0.4 sec/yr.

2.4 Exercises

fla)=—a2—zx—4 = f(-2)=—-44+2—4=—6,f(0)=—4,and f(4) = —16—4—4 = —24.
fla)=—2®—22+3 = f(-3)=27-9+3=21,f(0)=3,and f(2) = -8 —4+3=—9.
flx)=vVzx—-2+3z = f(1)=+1-2+3(1) =+/—1+ 3isundefined for the real numbers.
Similarly, ~ f(6) = /6 —2+3(6) = /4418 =2+ 18 = 20

and f(11) = /11 =24 3(11) = /9 + 33 = 3 + 33 = 36.

Note that f(a), for any a < 2, would be undefined.

4 fa)=2-V3-2 = f(-)=—-1-\B-(-)=-1-4=-1-2=-3

Similarly, f(2)=2-3-2=2-y1=2-1=1

(@] ] [=]

and f(5) =5—+/3—5="5—/—2is undefined for the real numbers.
Note that f(a), for any a > 3, would be undefined.
8 f(x)=- - s = f-2)= :—§ - % F(0) = % =0, and f(3) = % is undefined.
6 f(z)— J;Q—f2 ~ f(=2) = %4 is undefined, £(0) = g — 0, and £(2) = % —1
(@) f(z)=52z—-2 = f(a)=5(a)—2=5a—-2 (b) f(—a)=5(—a)—2=—5a—2
() —f(a)=—-1-(5a —2) = —ba+2 (d) f(a+h)=>5(a+h)—2=>5a+5h—2
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2.4 EXERCISES 83

(e) f(a)+ f(h)=(5a—2)+ (bh —2) =5a+5h —4
f(a+h)ff(a)_(5a+5h72)7(5a72)_5h_5

h B h TR

(@ f(z)=1—-42 = fla)=1—-4(a)=1—-4a (b) f(—a)=1-4(-a)=1+4a

() —fla)=—-1-(1-4a)=4a—1 (d) fla+h)=1—4(a+h)=1—4a—4h

(e) f(a)+ f(h)=(1—4a)+ (1 —4h) =2—4a—4h
fla+h)—f(a) (1—4a—4h)—(1—4a) —4h

(f) Using parts (d) and (a),

(f) Using parts (d) and (a), N = - = = —4.
@ f(2)=—2"+3 = fla)=—(a)+3=—a’+3
(b) f(—a) = —(—a)*+3=—a>+3 () —f(a)=-1-(—a®>+3)=a*>-3
(d) fla+h)=—(a+h)*+3=—(a®+2ah+h?) +3=—a?—2ah —h>+3
(e) f(a)+ f(h) = (—a? +3) (—h*+3)=—-a*>—-h*+6
2 2 2
® fla+ ]1 f(a) :( a? f2ah7hh+3)f(fa +3) _ 72a};fh :h(f2th) _ 9u_h

[0](a) f(x)=3-2* = f(a)=3—(a)’=3—a® (b) f(—a)=3—(—a)’ =3—ad

(¢) —f(a)=-1-(3—a*)=-3+ad’
(d) fla+h)=3—(a+h)>=3—(a®+2ah+ h?) =3 —a? — 2ah — h?
(e) fla)+ f(h) =B —a*) +(3—h%) =6—a®>—h?
fla+h)—fla) (3—a®>—-2ah—h?)—(3—-a*) —2ah—h> h(—2a—h)

) h = - = ; = ; =-2a—h

M1 (@) flz)=22—2+3 = fla)=(a) —-(a)+3=0ad>—a+3

(z)
(b) f(—a)=(—a)’ = (-a) +3=0a*+a+3 (€©) —fla)=—1-(a*—a+3)=—a’+a—3
(d) fla+h)=(a+h)?>—(a+h)+3=a>+2ah+h>—a—h+3
() fla)+ f(h)y=(®>-a+3)+(h* —h+3)=a®>+h*—a—h+6
£ fla+h)— f()_(a +2ah+h2fafh+3)f(a2fa+3)_2ah+h27h_h(2a+h71)
M h N h N h N h
=2a+h—-1

M2](a) f(z)=222+3z—7 = f(a)=2(a)*+3(a)—7=2a>43a—7

(b) f(—a) =2(—a)*+3(—a) —7=2a>—3a—7
() —f(a)=-1-(2a*+3a—T7)=—2a>—3a+7
(d) f(a+h)=2(a+h)*+3(a+h)—7=2(a?+2ah +h?) +3a+3h—T7=
2a? + 4ah + 2h* + 3a + 3h — 7
(e) f(a)+ f(h) = (2a*>+3a—T7)+ (2h* + 3h — 7) = 2a® + 2h? + 3a + 3h — 14
0 fla+h)—f(a) (20> + 4ah +2h* + 3a+3h —7) — (2a° + 3a — 7)
h N h
_ 4ah 4+ 2h*>+3h _ h(4a+2h +3)
B h B h

=4a+2h+3
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84 2.4 EXERCISES

1 1\’ 1 4 1 1
[13](a) g(z) =42* = g<5>4<5> =4 =— (b) gla) =40’ = @i
(©) 9(v/a) =4(/a)’ = 4a (d) /9(a) = V/4a? = 2|a| = 2a since a > 0
1 1 2 2—"Ta 1 1 1
@) o) =27 = g<5>_2(5>_7_5_7_7 ®) @) T @ -7 T 27

(c) g(\/a):2(\/a)—7:2 a—"1T (d)\/i 2a — 7

2z 1y  2(1/a)  2/a > 20 2a
151 (a) o(x) = - g(&)u/a)?.i_l1/a2+1'¥ma2+1

(b) 1 1 a?+1 (©) o(v/a) - 2y 2\/a

g(a) 2a 2a _(\/5)2+1_a+1
a®>+1
2a ya?+1 2a(a® +1) : V2a3 + 2a
(d) /g(a) = i1 Vo =2yl %" equivalently, S e
2
) _ 3
z? 1 a 2 a 1 1 1 a+1
( ) g(l’) .T+1 g<a> l+1 1+a 0/2 (a+1) ( ) g(a) a2 a2
a a

R N

All vertical lines intersect the graph in at most one point,

so the graph is the graph of a function because it passes the Vertical Line Test.

At least one vertical line intersects the graph in more than one point,

so the graph is not the graph of a function because it fails the Vertical Line Test.

The domain D is the set of z-values; that is, D = [—4, 1] U [2,4). Note that the solid dots on the figure correspond
to using brackets {including}, whereas the open dot corresponds to using parentheses {excluding}. The range R is
the set of y-values; that is, R = [—3, 3).
Domain D = {z-values} = [—4,4). Range R = {y-values} = (—3,—1) U[1, 3].
[21] (a) The domain of a function f is the set of all z-values for which the function is defined. In this case, the graph
extends from x = —3 to x = 4. Hence, the domain is [—3, 4].
(b) The range of a function f is the set of all y-values that the function takes on. In this case, the graph includes all
values from y = —2 to y = 2. Hence, the range is [—2, 2].
(c) f(1) is the y-value of f corresponding to x = 1. In this case, f(1) = 0.

(d) If we were to draw the horizontal line ¥y = 1 on the same coordinate plane, it would intersect the graph at

=—1,,and 2. Hence, f(z) =1 = z=-1,1,and2.

(e) The function is above 1 between z = —1 and = =31, and also to the right of z =2. Hence,

f@)y>1 = ze(-1,3)uU(24].
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22] (a) [-5,7] (b) [-1,2] (c) f(1)=-1
(d) f(z)=1 = z=-3,-1,3,5 (e) fa)>1 = ze(-3,-1)U(3,5)

Note: In Exercises 23-0, we need to make sure that the radicand {the expression under the radical sign} is greater than

or equal to zero and that the denominator is not equal to zero.
@f(ac):\/%:—i—? e 2 +7>0 = 2x>-T7 = xz—% & [—%,oo)
f(z):\/4f3x e 4-3x>0 = 4>3zx = xﬁ% & (foo,g]
[25] f(z) =16 —22 e 16—2°>0 = 16>2° = 2’<16 = |z/<4 =

—4 <z < 4, or [—4, 4] in interval notation.
[26] f(z) = Va2 —25 & 22—-25>0 = |z|>5 = zx>5o0rz< —5 & (—o00,—5]U[5,00)
27] f(z) = V422 —9 e 422 —9>0 = 3:22% = \x|2% = mZ%orazg—%,

e

3

or (—oo, —3] U [2, 00) in interval notation.
28] f(z) = /16 — 2522 o 16—252> >0 = 16>252 = 2522<16 = 2?<i¥ = |z/]<i =
7% <z< %, or [7%7 %] in interval notation.

z+1 . . . . .
f(z) == o ° For this function we must have the denominator not equal to 0. The denominator is
3 — 9z

23— 92 = z(22 - 9) = z(z + 3)(x — 3), so x # 0,—3,3. The solution is then all real numbers except 0, —3,3. In
interval notation, we have (—o0,—3)U(—=3,0)U (0,3)U (3,00). We could also denote this solution as
R— {+3,0}.

dx 2 5 1
2r —5
[31] f (x) = ﬁ e For this function we must have the radicand greater than or equal to 0 and the
z? — bz

denominator not equal to 0. The radicand is greater than or equal to 0 if 2z — 5 > 0, or, equivalently, x > % The
denominator is (z — 1)(z —4), so @ # 1,4. The solution is then all real numbers greater than or equal to 3,

excluding 4. In interval notation, we have [3,4) U (4, 00).

@f(m):—m ¢« 24=0 = (@4+D@-2=0 = ==+

4z —3>0 = x> 3, sothedomainis [2,2) U (2,00)

—4
33] f(z) = \;_2 e For this function we musthavex —2 >0 = x> 2.
v

Note that “ > ” must be used since the denominator cannot equal 0. In interval notation, we have (2, 00).

1
f(x)zm

35] f(z) = \/z+3++/3—2 e Wemusthavexr +3>0 = 2>-3and3-2>0 = z<3.
The domain is the intersection of z > —3 and x < 3, that is, [—3, 3].

e £+3>0 = x> -3{x#3},sothedomainis (—3,3) U (3,00)
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f(:p):\/l—x+\/az+5 e Wemusthavel —2 >0 = z<landz+5>0 = x> -5.

The domain is the intersection of < 1 and = > —5, that is, [—5, 1].

37] f(z) = /(x —2)(x — 6) e (z—2)(x—6)>0 {seethesignchart} = x<2orz>6.

Interval (—00,2) | (2,6) | (6,00)
Sign of z — 2 - + +
Signof z — 6 - — +
Resulting sign + — +

In interval notation, we have (—oo, 2] U [6, 00).
f@)y=+v/(x+2)(z+4) o (x+2)(x+4)>0 = xz<—-4orx -2 {useasignchart} =
(=00, —4] U [-2,0)
(@) D = {z-values} = [-5,—3) U (—1,1] U (2,4]; R = {y-values} = {—3} U [—1,4].
Note that the notation for including the single value —3 in R uses braces.
(b) f is increasing on an interval if it goes up as we move from left to right,
so f is increasing on [—4, —3) U [3, 4].
J is decreasing on an interval if it goes down as we move from left to right, so f is decreasing on
[—5,—4] U (2,3]. Note that the values 2 = —4 and = = 3 are in intervals that are listed as increasing and in
intervals that are listed as decreasing.

f is constant on an interval if the y-values do not change, so f is constant on (—1, 1].
(a) D = {z-values} = [-5,—-3) U (-2,—-1]U0,2) U (3,5]; R = {y-values} = [-3,3] U {4}
(b) f isincreasing on [—5,—3) U (3,4]. f is decreasing on [0,2). f is constant on (—2,—1] U [4, 5].

The graph of the function is increasing on (—oo, —3] and is decreasing on [—3, 2], so there must be a high point at

x = —3. Now the graph of the function is increasing on [2, c0), so there must be a low point at z = 2.

Figure 41 Figure 42

The graph of the function is decreasing on (—oo, —2] and [1, 4], and is increasing on [—2, 1] and [4, c0).
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(c)

(a)
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f(x) = =2z +1 e Thisis a line with slope —2 and y-intercept 1.
The domain D and the range R are equal to (—o0, 00).
f is decreasing on its entire domain, that is, (—o0, 00).
y y
X X
Figure 43 Figure 44

f(x) =2z —1 e Thisis a line with slope 2 and y-intercept —1.

(b) D= (—OO, OO)» R = (—007 OO)

(c)
(a)

Increasing on (—o0, 00)

To sketch the graph of f(x) = 4 — 22, we can make use of the symmetry with respect to the y-axis.

] 4| +3[ L2 £1]0
y|—12]-5] 0] 3[4

(b) Since we can substitute any number for x, the domain is all real numbers, that is, D = R. By examining the

(c)

figure, we see that the values of y are at most 4. Hence, the range of f is all reals less than or equal to 4, that is,
R = (—00,4].

A common mistake is to confuse the function values, the y’s, with the input values, the x’s. We are not
interested in the specific y-values for determining if the function is increasing, decreasing, or constant. We are
only interested if the y-values are going up, going down, or staying the same. For the function f(z) = 4 — 22,
we say [ is increasing on (—oo, 0] since the y-values are getting larger as we move from left to right over the
x-values from —oo to 0. Also, f is decreasing on [0,00) since the y-values are getting smaller as we move

from left to right over the z-values from O to co. Note that this answer would have been the same if the

function was f(z) = 500 — 22, f(z) = —300 — 22, or any function of the form f(z) = a — 22, where a is any
real number.
y y
X X
Figure 45 Figure 46
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[46] (@) f(z)=2>—1 e (b) D= (—00,0), R=[-1,00)
(c) Decreasing on (—o0, 0], increasing on [0, 00)
(@) f(z)= \/ﬁ e This is half of a parabola opening to the right. It has an z-intercept of 1 and no
y-intercept.
(b) z—1>0 = x>1,so0thedomainis D = [1,00).
The y-values are all positive or zero, so the range is R = [0, c0).

(c) f is increasing on its entire domain, that is, on [1, c0).

y y

Figure 47 Figure 48
(@ f(x)=2>—1 e (b) D= (—00,4], R=1[0,00) (c) Decreasing on (—oc, 4]
(@) f(z) = —4 e Thisis a horizontal line with y-intercept —4.

(b) The domain is D = (—o0, o0) and the range consists of a single value, so R = {—4}.

(c) f is constant on its entire domain, that is, (—00, 00).

y y
" T
Figure 49 Figure 50
(a) f(z)=3 e (b) D= (—00,0), R={3} (c) Constant on (—o0, 00)
[51] (@) We recognize y = f(z) = —+/36 — x2 as the lower half of the circle 2 + 3> = 36.
(b) To find the domain, we solve 36 — 22 > 0. 36 — 22 >0 = 2°<36 = |z[/<6 = D =][-6,6].

From the figure, we see that the y-values vary from y = —6 to y = 0. Hence, the range R is [—6, 0].

(c) As we move from left to right, for z = —6 to x = 0, the y-values are decreasing. From z = 0 to z = 6, the y-

values increase. Hence, f is decreasing on [—6, 0] and increasing on [0, 6].
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2.4 EXERCISES 89

Figure 51 Figure 52

[52] (@) f(z) =16 —22 e (b) D=[-4,4], R=1[0,4] (c) Increasing on [—4,0], decreasing on [0, 4]
f(z) =2%—62,% f(2) =22 - 6(2) =412 = -8.
fFR+h) —f2) [2+h)-6(2+n)]—(-8) _4+4h+h*—12-6h+8 h—2h _ h(h—2)

h h h h h
=h—-2
(54] f(z) = —22% + 5,50 f(2) = —2(2)* +5=—2-44+5=—-8+5=—3.
FC+h) = f2)  [-22+h)?+5] —(-3)  —2(4+4h+h®)+5+3 —8—8h—2h2+8
h B h B 2h B h
—8h—2h%  h(—8 — 2h)
= - = A = —2h —8
4 4  dx—4(xz+h)
@f(erh)—f(a:):m_;: (x+h)e  4dx—dx—4h  —4h 4
h h h (x 4+ h)xh z(x + h)h x(x+h)
1 1 22— (x+h)?
f(fC-Fh)—f(x)_(x—i—h)Q 2 (x4 h)’a? 2?— (2 +2zh + h?)
h - h h h  ha(z+h)?
—2zh — h? h(2x +h) 2z +h

ha?(z + h)? __th(x—i—h)2 B 22(x + h)?
f(x) = fla) \/x—3—\/a—3_ \/x—3—\/a—3.\/x—3+\/a—3
r—a r—a B r—a Vr—3++a—3
(x—3)—(a—23) B xr—a

1
(:c—a)(\/ac—3+ a—3)_(x—a)<\/x—3+ a—3>_\/$—3+ a—3
5g [0 =@ _ (@ -2-@-2) _#-d _(@-a+ar+a)

= = =2+ ar +d®
Tr—a T—a T —a T—a

2—-1 1 1
[59] As in Example 7, a = iy =5 and [ has the form f(z) = 6m+b.
fB)=3B)+b=5+b. But f(3)=2,s05+b=2 = b=3and f(z) =gz + 3.
—-2-7 9 3 3
[60] As in Example 7, a = m =—5= "3 and f has the form f(z) = —§:c+b.

f(=2)=—=3(-2)+b=3+b. But f(-2)=7,503+b=7 = b=4,and f(z) =3z +4.
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90 2.4 EXERCISES

Note: For Exercises 61-70, a good question to consider is, “Given a particular value of x, can a unique value of y be
found?” If the answer is yes, the value of y (general formula) is given. If not, two ordered pairs satisfying the

relation having z in the first position are given.

2
7 L .
Jy=2>+7 = y= %, which is a function

-2
62z =3y+2 = z-2=3y = y:xT,whichisafunction

224yt =4 = yP=4-2 = y=-=+4— 22 nota function: (0, +2)
64] 1> —2>=4 = y?=4+2> = y=+/4+ 22 nota function: (0, £2)
y = 5 is a function since for any z, (x, 5) is the only ordered pair in W having z in the first position.
x = 3 is not a function: (3, 0) and (3, 1)
Any ordered pair with z-coordinate 0 satisfies zy = 0. Two such ordered pairs are (0,0) and (0, 1). Not a function
r+y=0 = y= —ux, which is a function
lyl=1|z] = =£y==xxr = y= =+, notafunction: (1,+1)
Many ordered pairs with z-coordinate 3 (or any other number) satisfy y < z.
Two such ordered pairs are (3, 1) and (3,2). Not a function

V =Ilwh=30-2z—2)(20 —z — z)(x)
= (30 — 22)(20 — 2z)(x) = 2(15 — ) - 2(10 — z)(x) = 42(15 — 2)(10 — x)

S = 2nrh + 2(27r?) = 277r(10) + 47r? = 207 + 4w = d7r(5 + 1)

(a) The formula for the area of a rectangle is A = lw {Area = length x width}.

500
A=500 = xy=500 = y=—

(b) We need to determine the number of linear feet (P) first. There are two walls of length y, two walls of length

(x — 3), and one wall of length z, so P = Linear feet of wall = z + 2(y) + 2(x — 3) = 3z + 2 500 _ 6.
x

100,000

The cost C' is 100 times P, so C = 100P = 300z + — 600.

4
[74)(a) V =lwh = 6=ay(l5) = azy=4 = y=—
T
4 4 12
(b) Surfacearea S = zy +2(1.5)z +2(1.5)y =z — | +3z+3( = | =4+ 3z + —
X €T x€X

The expression (h — 25) represents the number of feet above 25 feet.
S(h) =6(h —25) + 100 = 6h — 150 4+ 100 = 6h — 50.

125,000 BTU: 0.342
T(x) = 122 : 5

= TS gallons - 20t §0.04275.
I gallon of gas * &1 " 7600.000 BTU ~ ° o
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2.4 EXERCISES 91

(a) Using (6,48) and (7,50.5), we have y
50.5 — 48 T (10, 58)
—48="""_(t—6 = 2.5t + 33. 1 (7, 50.5)
Y 7-¢ (- 6hory * 1 ——"

(b) The slope represents the yearly increase in height, 2.5 in./yr.
(€) t=10 = y=2.5(10)+ 33 = 58 in. il I

Let A denote the area of the contamination. A is linearly related to ¢, so A = at + b.
A=0whent=0 = b=0. A=40,000whent=40 = a = 1000.

. e /1000¢
Thus, A = 1000¢. Since the contamination is circular, A = 7r2. Hence, mr> = 1000t = r = .
0

The height of the balloon is 2¢. Using the Pythagorean theorem,
d2 = 1002 + (2¢) = 10,000 + 482 = d = /4(2500 + 2) = d =2/t + 2500.
(a) By the Pythagorean theorem, 22 + %> = 152 = y = /225 — 22
(b) A= Jbh = fay = Jx\/225 — 22
The domain of this function is —15 < x < 15; however, only 0 < < 15 will form triangles.
(a) C'TP forms a right angle, so the Pythagorean theorem may be applied.
(CT)* + (PT)* = (PC)* = r*+y*=(h+r)] =
24+ =h24+2hr+12 = YP=h 42 {y>0 = y= \/m
(b) y = \/(200)2 + 2(4000)(200) = \/(200)2(1 +40) = 2001/41 ~ 1280.6 mi

(@) The dimensions L, 50, and z — 2 form a right triangle 2 feet off the ground.
Thus, L? = 50% + (z — 2)> = L = /2500 + (z — 2)°.
b) L=75 = 752=502+(2—2)° = 2-2=+3125 = 2=25\/5+2~5791t

Form a right triangle with the control booth and the beginning of the runway. Let y denote the distance from the
control booth to the Dbeginning of the runway and apply the Pythagorean theorem.
y? = 3002 +20> = y?>=90,400. Now form a right triangle, in a different plane, with sides y and x and
hypotenuse d. Then d? = ¢ + 2> = d?>=90400+2> = d = /90,400 + 2.

Timeoar = Timerowing + Timeyaiking {Use t = d/rand d(A, P) =6 —z} =

\V 22+(6_33)2 T vVaz—12z+40 =z
/A A et T R B A o
3 +5 3 +5
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92 2.4 EXERCISES

(b) The maximum y-value of 0.75 occurs when z =~ 0.55 and the minimum y-value of —0.75 occurs when

x ~ —0.55. Therefore, the range of f is approximately [—0.75, 0.75].
(c) fis decreasing on [—2, —0.55] and on [0.55,2]. f is increasing on [—0.55, 0.55].

[_272] by [_272} [_171] by [_171}

T

e

Figure 85 Figure 86

(b) The maximum y-value of 0.5 occurs when x = —1 and the minimum y-value of —0.094 occurs when

x ~ —0.56. Therefore, the range of f is approximately [—0.094, 0.5].
(c) f isdecreasing on [—1, —0.56] and on [0.12,0.75]. f is increasing on [—0.56,0.12] and on [0.75, 1].

(b) The maximum y-value of 1 occurs when z = 0 and the minimum y-value of —1.03 occurs when z ~ 1.06.

Therefore, the range of f is approximately [—1.03, 1].
(c) f isdecreasing on [0,1.06]. f isincreasing on [—0.7,0] and on [1.06, 1.4].

[—0.7,1.4] by [—1.1,1] [—4, —4] by [-4, —4]

AN
LN

Figure 87 Figure 88

(b) The maximum y-value of 1.08 occurs when z =~ —0.69 and the minimum y-value of —0.42 occurs when

x &~ 1.78. Therefore, the range of f is approximately [—0.42, 1.08].
(c) f is decreasing on [—0.69,1.78]. f is increasing on [—4, —0.69] and on [1.78, 4].
For each of (a)—(e), an assignment to Y, an appropriate viewing rectangle and the solution(s) are listed.

(@) Y, = (275)7(1/3) = 32, (b) Y, = (274)7(1/3) = 16,
VR: [—40, 40, 10] by [—40,40,10], = = 8 VR: [—40, 40, 10] by [-40,40, 10], z = +8

| NIV

Inkerseckion Inkerseckion
w=H ! w=H

Y=Iz =1k
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2.5 EXERCISES 93
(€) Yi = (z72)N(1/3
(d) Y1 = (2"3)7(1/4
() Y1 = (2/3)N(1/2

—64, VR: [—40, 40, 10] by [—40, 40, 10], no real solutions
125, VR: [0, 800, 100] by [0, 200, 100], = = 625
—27, VR: [-30, 30, 10] by [—30, 30, 10], no real solutions

c) Yi=(x —49, VR: [-50, 50, y [—50, 50, 10], no real solutions
(c) Y AINL/3 49, VR: [—-50, 50, 10] b 50, 50, 10 1 soluti

(d) Y x"3)N(1/2
(e) Y1 = (2"3)(1/4

(b) Y = (2/2)A(1/3) = 25, VR: [~130, 130, 50] by [0, 30, 10], z = £125

(z"2)7(1/3) =
(z73)7(1/4) =
(z3)7(1/2) =
(@) Y1 = (z/3)A(1/5) = —27, VR: [~250, 250, 100] by [—30, 30, 10], z = —243
(z°2)~(1/3) =
(z"4)7(1/3) =
(x"3)N(1/2) = 64, VR: [-5,30, 5] by [—5,30, 5], z = 16
(273)N(1/4) = =8, VR: [-10, 10,] by [—10, 10], no real solutions
(a) There are 95 x 63 = 5985 total pixels in the screen.

(b) If a function is graphed in dot mode, only one pixel in each column of pixels on the screen can be darkened.

Therefore, there are at most 95 pixels darkened. Note: In connected mode this may not be true.

(a) [0, 75, 10] by [0, 600, 100] (b) The data and plot show that stopping distance is not a linear function
: of the speed. The distance required to stop a car traveling at 30 mi/hr
8 is 86 ft whereas the distance required to stop a car traveling at
° 60 mi/hris 414 ft. 4! ~ 4.81 rather than double.
a
e (c) If you double the speed of a car, it requires almost five times the

stopping distance. If stopping distance were a linear function of speed,

doubling the speed would require twice the stopping distance.

a) First, we must determine an equation of the line that passes through 1990, 2030, 10] by [1E4, 4E4, 1E4
g
the points (1993, 16,871) and (2000, 20,356).
y — 16,871 = 201081 (z — 1993) = 34 (1 — 1993) =
y= 35y GBI Thys, let f(x) = 34805 — &82L508 and graph
f
(b) The average annual increase in the price paid for a new car is equal
to the slope: 2225 ~ $497.86.

(c) Graph y = #x — w and y = 33,000 on the same coordinate axes. Their point of intersection is
approximately (2025.4,33,000). Thus, according to this model, in the year 2025 the average price paid for a
new car will be $33,000.

2.5 Exercises

Since f is an even function, f(—z) = f(z). From the table, we see that f(2) =7, so f(—2) = 7. In general, if f
is an even function, and (a, b) is a point on the graph of f, then the point (—a, b) is also on the graph.
Since ¢ is an odd function, g(—x) = —g(z). From the table, we see that g(2) = —6, so g(—2) = —(—6) = 6. In
general, if f is an odd function, and (a, b) is a point on the graph of f, then the point (—a, —b) is also on the graph.
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94 2.5 EXERCISES

[2] Since f is an even function, f(—) = f(z). From the table, we see that f(3) = —5, so f(—3) = —5.
Since g is an odd function, g(—x) = —g(x). From the table, we see that g(3) = 6, so g(—3) = —6.

[3] (a) f is an even function, so we can obtain the (b) f is an odd function, so we can obtain the

graph of f from the given partial graph by graph of f from the given partial graph by

reflecting the partial graph through the y-axis. reflecting the partial graph through the origin.

y You can also think of this as rotating the

partial graph 180° (half of a circle).
y

[4] (a) f is an even function, so we can obtain the (b) f is an odd function, so we can obtain the

graph of f from the given partial graph by graph of f from the given partial graph by

reflecting the partial graph through the y-axis. reflecting the partial graph through the origin.

y You can also think of this as rotating the

partial graph 180° (half of a circle).
y

5] f(z)=5z"4+22 = f(—z)=>5(—x)"+2(—z)= -5z — 2z and
—f(x) = —1- f(x) = —(52% + 22) = -5 — 2.
Since f(—x) = —f(x), f is odd and its graph is symmetric with respect to the origin.
Note that this means if (a, b) is a point on the graph of f, then the point (—a, —b) is also on the graph.
6] f(z)=l|z|-3 = f(—z)=|-z|-3=|z]—3=f(z),s0 fiseven
flx)=38a"—62° -5 = f(~2)=3(—2)" —6(—x)" —5= 32" — 62> — 5 = f(a).
Since f(—x) = f(x), f is even and its graph is symmetric with respect to the y-axis.
Note that this means if (a, b) is a point on the graph of f, then the point (—a, b) is also on the graph.
f@) =75 +203 = f(—x)=7(—2)" +2(—2)* = —72° — 223 = —(72° + 22%) = — f(z), so f is odd
O] f(z)=82%—-322 = f(—z)=28(—2)"—3(—2)’ = —8z% — 322
—f(x) =1 f(x) = —1(82° — 32?) = —82°% + 322
Since f(—x) # f(x) and f(—x) # — f(x), f is neither even nor odd.
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2.5 EXERCISES 95

f@) =5 = fl-z)= % — f(x), 50 f is even
1] f(z) = Va2 +4 = f(—x)=+/(— —|—4—\/x2 = f(z
Since f(—x) = f(x), f is even and its graph is symmetric with respect to the y-axis.
2] f(z) =322 422 -4 = f(—x)=3(—2)"+2(—z)—4=322—2z —4+# + f(z),
so f is neither even nor odd

x) Va
(—z) =/ (- x)s —x)=+/—2%+ —1(z3 —x) = \3/—»1\3/ 3 —x=—va3— 2.
—1- —r =

( )= =1 f(z) = —1- /o fw ~
Since f(—x) = —f(x), f is odd and its graph is symmetric with respect to the origin.
1 . 1 , 1 , 1 .
14] f(z) = * - = f(=z)=(-2) - — =-x to=—le o = —f(z), so f is odd
5] f(x) = |z| + ¢, ¢ =—3,1,3 e Shift g(z) = |z| {in Figure 1 in the text} down 3, up 1, and up 3 units,
respectively.
]y y
X X
Figure 15 Figure 16
6] f(z) = |z —c|,c = —3,1,3 e Shift g(x) = || left 3, right 1, and right 3 units, respectively.

flx) = —2®+¢c,c=—4,2,4 o Shift g(x) = —a? {in Figure 5 in the text} down 4, up 2, up 4, respectively.

y y
;f[?i X X

Figure 17 Figure 18

f(x) =222 —c,c=—4,2,4 o Shift g(x) = 222 up 4, down 2, down 4, respectively.
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96 2.5 EXERCISES

flx) = 2\/5 +¢,c=-3,0,2 e The graph of y*> = x is shown in Figure 3 in Section 2.2 of the text. The top
half of this graph is the graph of the square root function, h(x) = \/E The second value of ¢, 0, gives us the graph
of g(x) = 2,/x, which is a vertical stretching of h by a factor of 2. The effect of adding —3 and 2 is to vertically
shift g down 3 units and up 2 units, respectively.

Figure 19 Figure 20
f@)=vV9—22+c,c=-3,0,2 e Shiftg(z) = v/9 — x2 down 3, up 2, respectively.

[21] f(x) = 51/ —¢c,c=-3,0,4 e The graph of g(x) = 5/ is a vertical compression of the square root function

by a factor of 1/(1/2) = 2. The effect of subtracting —3 and 4 from z will be to horizontally shift ¢ left 3 units and
right 4 units, respectively. If you forget which way to shift the graph, it is helpful to find the domain of the

function. For example, if h(z) = v/ — 2, then x — 2 must be nonnegative. © —2 >0 = x > 2, which also
indicates a shift of 2 units to the right.

y y

Figure 21 Figure 22
22] f(z) = —3(z— ¢)?, ¢ =—3,0,4 o Shift g(z)

23] f(x) = V4 —22, ¢=—-2,1,3 o For ¢ =1, the graph of g(z) = /4 — 22 is the upper half of the circle
22 4+ y? = 4. For ¢ = —2, reflect g through the x-axis and vertically stretch it by a factor of 2. For ¢ = 3, vertically
stretch ¢ by a factor of 3.

f%:ﬁ left 3, right 4, respectively.

Figure 23 Figure 24
f(x)=(z+c¢), c=-2,1,2 o Shift g(x) = 23 right 2, left 1, and left 2, respectively.
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[25] f(z) = ca?, ¢ = f%, 1,2 e Forc =1, see a graph of the cubing function in Appendix I of the text. For ¢ = f%,

reflect g(x) = z® through the z-axis and vertically compress it by a factor of 1/(1/3) = 3. For ¢ = 2, vertically

stretch g by a factor of 2.

Figure 25 Figure 26

f(z) = (cx)’ +1,¢=—1,1,4 o Forc = —1, reflect g(x) = 2® + 1 through the y-axis. For ¢ = 4, horizontally
compress g by a factor of 4 {this could also be considered as a vertical stretch by a factor of 4° = 64}.

f(@)=\/cx—1,c=-1,% 4 o If c =1, then the graph of g(z) = \/z — 1 is the graph of the square root
function vertically shifted down one unit. For ¢ = —1, reflect g through the y-axis. For ¢ = %, horizontally stretch
g by a factor 1/(1/9) = 9 {z-intercept changes from 1 to 9}. For ¢ = 4, horizontally compress g by a factor 4 {x-

intercept changes from 1 to %}.

y y
Figure 27 Figure 28

f(@)=—=1/16 — (cz)?, c=1, 3. 4 e For ¢ =14, horizontally stretch g(z) = —/16 — 2> by a factor of
1/(1/2) = 2 {x-intercepts change from 44 to +8}. For ¢ = 4, horizontally compress g by a factor of 4 {x-
intercepts change from +4 to £1}.

You know that y = f(z + 2) is the graph of y = f(z) shifted to the left 2 units, so the point P(0, 5) would move to
the point (—2,5). The graph of y = f(x + 2) — 1 is the graph of y = f(x 4 2) shifted down 1 unit, so the point

(—2,5) moves to (—2,4). Summarizing these steps gives us the following:

P(0,5) {x +2 [subtract 2 from the z-coordinate]} — (-2,5)
{—1 [subtract 1 from the y-coordinate]} — (—2,4)
y=2f(z) +4 o P(3,-1) { x 2 [multiply the y-coordinate by 2]} — (3,-2)
{+4 [add 4 to the y-coordinate]} — (3,2)
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[31] To determine what happens to a point P under this transformation, think of how you would evaluate
y=2f(x —4)+1 for a particular value of . You would first subtract 4 from z and then put that value into the
function, obtaining a corresponding y-value. Next, you would multiply that y-value by 2 and finally, add 1.

Summarizing these steps using the given point P, we have the following:

P(3,-2) {x —4 [add 4 to the z-coordinate]} — (7,-2)
{ x 2 [multiply the y-coordinate by 2]} — (7,—4)
{+1 [add 1 to the y-coordinate]} — (7,-3)
[B2]y=1f(z—3)+3 e P(-5,8) {xr —3 [add 3 to the z-coordinate]} — (=2,8)
{ x 3 [multiply the y-coordinate by 1]} — (=2,4)
{+ 3 [add 3 to the y-coordinate]} — (=2,7)
B3] y=1f(32) —1 o P(4,9) {32 [multiply the z-coordinate by 2]} — (8,9)
{ x 5 [multiply the y-coordinate by 3 ]} — (8,3)
{—1 [subtract 1 from the y-coordinate]} — (8,2)
y=—-3f(2z) =5 e P(-2,1) {2z [divide the z-coordinate by 2]} — (=1,1)
{ x (=3) [multiply the y-coordinate by —3]} — (=1,-3)
{—5 [subtract 5 from the y-coordinate]} — (=1,-8)

[35] For yy = f(x — 2) + 3, the graph of f is shifted 2 units to the right and 3 units up.

For y = 3f(x — 1), the graph of f is shifted 1 unit to the right and stretched vertically by a factor of 3.
For y = f(—x) — 4, the graph of f is reflected through the y-axis and shifted 4 units down.

For y = — f(x + 2), the graph of f is shifted 2 units to the left and reflected through the z-axis.

Fory = — % f (), the graph of f is compressed vertically by a factor of 2 and reflected through the z-axis.
Fory = f(3z) — 3, the graph of f is stretched horizontally by a factor of 2 and shifted 3 units down.

Fory = -2f (%x), the graph of f is stretched horizontally by a factor of 3, stretched vertically by a factor of 2, and

reflected through the z-axis.

For y = %| f(z)], the part of the graph of f below the x-axis is reflected through the z-axis and that graph is

compressed vertically by a factor of 3.

When graphing the parts in this exercise, it may help to keep track of at least one of the points (0,3), (2,0), or
(4,3), on the given graph.
(@) y= f(x+3) e shift f left 3 units (b) y= f(x —3) e shift f right 3 units

y y
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2.5 EXERCISES

(¢) y=f(x)+3 e shift f up 3 units

e
.8

(€) y=-3f(z) o

{the effect of the negative sign in front of 3}

reflect f through the x-axis

and vertically stretch it by a factor of 3

=
-

(9) y=f(—3x) e reflect f through the y-axis
{the effect of the negative sign inside the

parentheses} and horizontally stretch it by a factor
of 1/(1/2) =2

+-

(i) y=—f(x+2)—3 e shift f left 2 units, reflect
it through the z-axis, and then shift it down 3 units

%_1
_ﬂ_{

(d) y= f(x) —3 e shift f down 3 units

(f) y=—3f(x) o reflect f through the z-axis
{the effect of the negative sign in front of %} and

vertically compress it by a factor of 1/(1/3) =3

(h) y = f(2z)

factor of 2

e horizontally compress f by a

_%

(i) y=/ f(x—2)+3 e shift f right 2 units and
up 3
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100 2.5 EXERCISES

(k) y=|f(x)| e since no portion of the graph () y= f(|z|) e include the reflection of the given
lies below the x-axis, the graph is unchanged graph through the y-axis since all points have
positive x-coordinates

_%
fgf

(@) y= f(x—2) e shift f right 2 units (b) y= f(x+2) e shift f left 2 units

+
-

(¢) y= f(x) —2 e shift f down 2 units (d) y= f(z)+2 e shift f up 2 units

+
+

() y=—2f(x) e reflect f through the z-axis (f) y=—3f(z) o reflect f through the z-axis and
and vertically stretch it by a factor of 2 vertically compress it by a factor of 1/(1/2) = 2

-
5
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2.5 EXERCISES
(9) y = f(—2x) e reflect f through the y-axis and (h) y=7f (%x) e horizontally stretch f by a
horizontally compress it by a factor of 2 factor of 1/(1/2) =2
] y ] y
X X
() y=—f(x+4)—2 e reflect f about the (i) vy=f(zx—4)+2 e shift f right4 units and
x-axis, shift it left 4 units and down 2 up 2
] y ] y
X X
(k) vy =|f(x)| e reflect the portion of the graph () y= f(|z|) e include the reflection of the given

below the x-axis through the z-axis. graph through the y-axis since all points have

-

(a) The minimum point ony = f(x) is (2, —1). On the graph labeled (a), the minimum point is (—7, 0).

positive z-coordinates

+

101

It has been shifted left 9 units and up 1. Hence, y = f(z +9) + 1

(b) f isreflected through the z-axis = y=—f(z)

(c) f isreflected through the z-axis and shifted left 7 unitsand down1 = y=—f(z+7) —
(@) fisshiftedleft 1unitandupl = y=f(z+1)+1

(b) f isreflected through the z-axis = y= —f(z) {ory = f(—xz)}

(c) f isreflected through the z-axis and shifted right 2 units = y=—f(z —2)
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102 2.5 EXERCISES

(@) fis shifted left 4 units = y = f(x +4)
(b) fisshiftedup lunit = y=f(x)+1
(c) f isreflected through the y-axis = y= f(—x)

(a) fisshifted right 2 unitsandup2 = y= f(zx—2)+2
(b) f is reflected through the z-axis = y= —f(x)

(c) f isreflected through the z-axis and shifted left 4 unitsandup 2 = y=—f(z+4)+2

Fz) = 3 ifx<-—1 . We can think of f as 2 functions: If x < —1, then y = 3 {include the point
T 22 ife> -1 (=1,3)}, and if x > —1, then y = —2 {exclude the point (—1, —2)}.

y y

0000000000000 OCO

°F
Figure 49 Figure 50
—1 if x is an integer Solid dots at every integer
f@) = { —2 if x is not an integer ®  The line y = —2 with holes at every integer
3 ifr < -2 For the second part of the function, we have |z| < 2, or, equivalently,
51 f(z) = —x+1 if|z] <2 e —2< a2 <2 Onthispartof the domain, we want to graph f(z) = —z + 1,2
—4 ifer>?2 line with slope —1 and y-intercept 1. Include both endpoints, (—2, 3) and (2, —1).
Figure 51 Figure 52
-2z ifr<-1 A line with slope —2 and endpoint (—1, 2)
(52] f(x) = 2> if—1<z <1 e A parabolaportion with open endpoint (—1, 1) and endpoint (1,1)
2 ifx>1 A horizontal line with endpoint (1, —2)
If x < —1, we want the graph of y = « + 2. To determine the endpoint of
r+2 ifzr<-1 this part of the graph, merely substitute z = —1 in y = x + 2, obtaining
(53] f(x) = 23 ifjz] <1 e y=1. If|z| <1, or equivalently, =1 < z < 1, we want the graph of

—r+3 ifz>1 y = 2. We do not include the endpoints (—1, —1) and (1,1). Ifz > 1, we
want the graph of y = —z + 3 and include its endpoint (1, 2).
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2.5 EXERCISES 103

y y
X X
Figure 53 Figure 54
r—3 ifx <=2 A line with slope 1 and endpoint (—2, —5)
flx) =< —2? if -2 <2 <1 e A parabola portion with open endpoints (—2, —4) and (1, —1)
—x+4 ifz>1 A line with slope —1 and endpoint (1, 3)

[55] (a) f(z)=[z—3] e (b) f(z)=[z] =3 e (c) fz)=2[z] o

shift g(x) = [z] right 3 units shift g(x) = [z] down 3 units, vertically stretch g(z) = [z]

{see Figure 10 on page 146 which is the same graph as in by a factor of 2

of the text} part (a).

(d) f(z) =[2x] e horizontally compress g(x) = [z] by a factor of 2 y
Alternatively, we could determine the pattern of “steps” for this T
function by finding the values of = that make f(x) change from 0 to -

1, then from 1 to 2, etc. If 22 = 0, then & = 0, and if 2x = 1, then

_1

=0 +
Thus, the function will equal 0 from z =0 to 2 = £ and then jump - &
tolatx= % If 2z = 2, then x = 1. The pattern is established:

each step will be % unit long.

(e) f(z)=[—x] e reflect g(z) = [x] through the y-axis
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(@) f(z)=[z+2] e shiftg(x) = [«] left 2 units (b) f(z)=[z]+2 e shiftg(x) = [x] up 2 units,
which is the same graph as in part (a).

(c) f(z)=1[z] e vertically compress g(z) = [2] (d) f(z) =[3z] e horizontally stretch g(z) = [z]
by a factor of 1/(1/2) = 2 by a factor of 1/(1/2) = 2
y

(e) f(z)=—[—x] e reflect g(x) = [«] through the
y-axis and through the x-axis

(@) Asz— 1, f(z) =0 (b) Asz — 1+, f(z) — 2 () Asz — ~2, f(z) — 1

)
(d) Asa — oo, f(x) — 4 () Asz — —oo, f(z) — =00

(@) Asx — 27, f(z) —

(d) Asz — o0, f(z) > =00 (e) Asz — —o0, f(z) — 4

(b) Asz — 2%, f(z) — 1 (c) Asz — —1, f(z) » =2

[9¥]

A question you can ask to help determine if a relationship is a function is “If = is a particular value, can I find a
unique y-value?” In this case, if x was 16, then 16 = y> = y = +4. Since we cannot find a unique y-value,
this is not a function. Graphically, {see Figure 3 in Section 2.2 in the text} given any z-value greater than 0, there

are two points on the graph and a vertical line intersects the graph in more than one point.

The graph of z = —|y| is not the graph of a function because if x < 0,
two different points on the graph have z-coordinate x.
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Reflect each portion of the graph that is below the z-axis through the x-axis.

Figure 61 Figure 62

Reflect each portion of the graph that is below the z-axis through the x-axis.

y = |4 — 2?| e Firstsketch y = 4 — 22, then reflect the portions of the graph below the z-axis through the z-axis.

Figure 63 Figure 64

y = |23 — 1| e Firstsketch y = 2® — 1, then reflect the portions of the graph below the z-axis through the z-axis.

Y= |\/_ — 2| e First sketch y = \/E — 2, which is the graph of the square root function shifted down 2 units.
Then reflect the portions of the graph below the x-axis through the z-axis.

=

=

Figure 65 Figure 66

y=||z] — 1| e First sketch y = |z| — 1, which is the graph of the absolute value function shifted down 1 unit.
Then reflect the portions of the graph below the x-axis through the z-axis.
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(a)

(b)

(c)
(d)

(e)
(f)
(9)

(h)

(a)
(b)
(c)
(d)

(e)
(f)
(9)

(h)

2.5 EXERCISES

For y = —2f(z), multiply the y-coordinates by —2. So the given range, [—4, 8], becomes [—16, 8] {note that
we changed the order so that —16 appears first—Ilisting the range as [8, —16] is incorrect}. The domain {x-
coordinates} remains the same. D =[-2,6], R = [-16,8]
Fory = f (%x), multiply the z-coordinates by 2. The range {y-coordinates} remains the same.

D =[-4,12], R = [-4, 8]
[=3,9]

Fory = f(x — 3) + 1, add 3 to the z-coordinates and add 1 to the y-coordinates. D=11,9,R
Fory = f(x + 2) — 3, subtract 2 from the z-coordinates and subtract 3 from the y-coordinates.

D =[-4,4], R =[-17,5]
For y = f(—=x), multiply all z-coordinates by —1. D =[-6,2], R =[-4,8]
For y = — f (), multiply all y-coordinates by —1. D =[-2,6], R =[-8,4]
y = f(|z|) e Graphically, we can reflect all points with positive z-coordinates through the y-axis, so the
domain [—2,6] becomes [—6,6]. Algebraically, we are replacing x with |z|, so —2 <2 <6 becomes
—2 < |z| < 6, which is equivalent to |z| < 6, or, equivalently, —6 < x < 6. The range stays the same because

of the given assumptions: f(2) = 8 and f(6) = —4; that is, the full range is taken on for x > 0. Note that the

range could not be determined if f(—2) was equal to 8. D =[-6,6], R = [-8,4]
y=|f(x)|] e The points with y-coordinates having values from —4 to 0 will have values from 0 to 4, so the
range will be [0, 8]. D =[-2,6],R=0,8§]
For y = 3 f(z), multiply the y-coordinates by 3. D =[-6,-2], R = [-5, 2]
For y = f(2x), multiply the z-coordinates by £ . D =[-3,-1], R = [-10, —4]
Fory = f(x —2) + 5, add 2 to the z-coordinates and add 5 to the y-coordinates. D =1[-4,0], R =[-5,1]
Fory = f(x + 4) — 1, subtract 4 from the z-coordinates and subtract 1 from the y-coordinates.

D =[-10,—-6], R = [-11,—5]
For y = f(—x), negate all z-coordinates. D =[2,6], R =[-10,—4]
For y = — f(z), negate all y-coordinates. D =1[-6,-2], R = [4,10]

For y = f(]z|), there is no graph since the domain of f consists of only negative values, —6 to —2, and || is

never negative.

For y = | f(x)|, the negative y-coordinates having values from —10 to —4 will have values from 4 to 10.
D =1[-6,-2], R = [4,10]
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If z < 20,000, then T'(x) = 0.15x. If 2 > 20,000, then the tax is 15% of the first 20,000, which is 3000, plus 20%

of the amount over 20,000, which is (z — 20,000). We may summarize and simplify as follows:

0.15z if0 < 2 < 20,000 (0.15z if0 <z < 20,000

(@) = { 3000 + 0.20(x — 20,000) ifz > 20,000 { 3000 + 0.20z — 4000  if = > 20,000
0.15z if 0 <z < 20,000

B {0.20 — 1000 if z > 20,000

If 0 < z < 600,000, then T'(z) = 0.01z. If = > 600,000, then the tax is 1% of the first 600,000, which is 6000,
plus 1.25% of the amount over 600,000.

(z) = 0.01z if 0 <z < 600,000 [0.01z if 0 < z < 600,000
1 6000 + 0.0125(x — 600,000) if z > 600,000 ~ 1 0.01252 — 1500 if z > 600,000

The author receives $1.20 on the first 10,000 copies, $1.50 on the next 5000, and $1.80 on each additional copy.

1.20x if 0 <z <10,000 1.20z if 0 < 2 < 10,000
R(x) 12,000 4+ 1.50(« — 10,000) if 10,000 < = < 15,000 = < 1.502 — 3000 if 10,000 < x < 15,000
19,500 + 1.80(x — 15,000) if z > 15,000 1.80z — 7500 ifx > 15,000

The cost for 1000 kWh is $57.70 and the cost for 5000 kWh is $57.70 + 4000($0.0532) = $270.50.

0.0577x if 0 <2 <1000 0.0577x if 0 < 2 <1000
C(z) =< 57.70 + 0.0532(x — 1000)  if 1000 < = < 5000 = ¢ 4.50 + 0.0532z  if 1000 < = < 5000
270.50 + 0.0511(xz — 5000) if z > 5000 15.00 + 0.0511z if z > 5000

Assign ABS(1.3z +2.8) to Y; and 1.2z 4 5 to Y,. The viewing rectangle [—10, 50, 10] by [—10, 50, 10] shows
intersection points at exactly —3.12 and —22. The solution of |1.3z + 2.8] < 1.2z + 5 is the interval (—3.12, 22).

The solutions of [0.3z| — 2 = 2.5 — 0.63x? are approximately £2.45 {by symmetry}.
The solution of |0.3z]| — 2 > 2.5 — 0.63z? is (—o00, —2.45) U (2.45, c0).

Assign ABS(1.222 — 10.8) to Y; and 1.36x + 4.08 to Y. The standard viewing rectangle [—15, 15] by [—10, 10]
shows intersection points at exactly —3 and at approximately 1.87 and 4.13.

The solution of |1.22% — 10.8] > 1.36x + 4.08 is (—oo, —3) U (=3, 1.87) U (4.13, 00).
The solutions of‘ 16 — 22 — 3’ = 0.122% — 0.3 are approximately 4-3.60, +-2.25 {by symmetry}.
The solution of ‘ V16— 22 — 3‘ <0.1222 — 0.3 s (—3.60, —2.25) U (2.25, 3.60).
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f(z) = (0.52% — 42 — 5) and g(z) = (0.52° — 42 — 5) + 4 = f(x) + 4, so the graph of g can be obtained by
shifting the graph of f upward a distance of 4.

[~12,12] by [-8, §] [—12,12] by [—8, §]

| I
Y 1

Figure 77 Figure 78

f(x) = (0.252° — 22 + 1) and g(x) = (—0.252% + 22 — 1) = — f(x), so the graph of g can be obtained reflecting
the graph of f through the z—axis.

f(x) =2 -5 and g(z) = (%z)Q —5= f(%x), so the graph of g can be obtained by stretching the graph of f
horizontally by a factor of 2.

[~12,12] by [-8, §] [—12,12] by [-8, §]

i\ 4

N

Figure 79 Figure 80

flz) =]z +2| and g(z) = |(x + 2) — 5| — 3 = f(z — 5) — 3, so the graph of g can be obtained by shifting the
graph of f horizontally to the right a distance of 5 and vertically downward a distance of 3.

f(x) = 2% — 5z and g(x) = |2® — 5| = |f(z)], so the graph of g is the same as the graph of f if f is nonnegative.
If f(x) < 0, then the graph of f will be reflected through the x—axis.

[—12,12] by [-8, §] [—12,12] by [-8, §]

: VL
/ A/

Figure 81 Figure 82

f(x) = (0.52% — 2z — 5) and g(x) = (0.52% + 22 — 5) = f(—=x), so the graph of g can be obtained from the graph
of f by reflecting the graph of f through the y—axis.

(a) Option I gives C; = 4($45.00) + $0.40(500 — 200) = 180.00 + 120.00 = $300.00.
Option II gives Cy = 4($58.75) + $0.25(500) = 235.00 + 125.00 = $360.00.

(b) Let x represent the mileage. The cost function for Option I is the piecewise linear function
Cola) = 180.00 if 0 < 2 <200
P 180.00 4 0.40(z — 200)  if 2 > 200
Option II is the linear function Cy(x) = 235.00 4 0.25z for = > 0.
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(c) Let Cy =Y and Cy = Yo. Table Y; = 180.00 + 0.40(x — 200)*(x > 200) and Y, = 235.00 + 0.25z

z | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200
Y, | 180 | 180 | 220 | 260 | 300 | 340 | 380 | 420 | 460 | 500 | 540 | 580
Yo | 260 | 285 | 310 | 335 | 360 | 385 | 410 | 435 | 460 | 485 | 510 | 535

(d) From the table, we see that the options are equal in cost for x = 900 miles. Option I is preferable if
x € [0,900) and Option II is preferable if 2 > 900.

(a) Since 1 mi =5,280 ft and each car requires (12+d) ft, it follows directly that the bridge can hold

[5280/(12 + d)] cars. The greatest integer function is necessary since a fraction of a car is not allowed.

5280
(b) Since the bridge is 1 mile long, the car “density” is 214 cars/mi. If each car is moving at v mi/hr, then the

flow rate is F' = [5280v/(12 + d)] cars/hr.

2.6 Exercises

Using the standard equation of a parabola with a vertical axis having vertex V(—3,1), we have
y=alz — (—3)] 2 1 1. The coefficient a determines whether the parabola opens upward {if a is positive} or opens
downward {if a is negative}. If |a|] > 1, then the parabola is narrower {steeper} than the graph of y = x?; if
la| < 1, then the parabola is wider {flatter} than the graph of y = z2. Simplifying the equation gives us

y=a(x+3)*+1.

2] V(5,-4) o y=a(z—h)?*+k = y=a(z—57> -4

(]

V(0,—2) e We can use the standard equation of a parabola with a vertical axis.

y=a(z—h)’+k = y=alz-07°>-2 = y=as?-2

4 V(=700 ¢« y=alz—h)}’+k = y=alz—(-7)]*+0 = y=alz+7)°
[5] The approach shown here {like Solution 1 in Example 2} requires us to factor out the leading coefficient.
flx)=—2* 42 -5 {given}
=—(2"+4z+_)-5+__ {factor out —1 from —a” — 4z}
=—(2"+4z+4)-5+4 {complete the square for =% + 4z}
=—(z+2)° -1 {equivalent equation}

6] f(z)=a?—6z+11=a—62+ 9 +11— 9 = (z—3)>+2

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

110 2.6 EXERCISES

The approach shown here {like Solution 2 in Example 2} requires us to divide both sides by the leading

coefficient—remember to multiply both sides by the same coefficient in the end. Either method is fine.

f(z) = 22> — 162 + 35 {given}
sfla)=@*-8x+_ )+ —__ {divide the equation by 2}
= (332 — 8z + ﬁ) + 32—" — 16 {complete the square for z> — 8z}
=(z—4)7+ 3 {equivalent equation}
2 %f(x) =2-[(z— 4)? + %] {multiply the equation by 2}
f(z)=2(x—4)%+3 {the desired standard form}
flx)=522+20z+14 = Llf@@x)=a?+4e+4+8-4=0a+2°-¢ =

5-1f(x)=5-[(z+2°-¢ = flx)=5@+2)>-6
9] f(x) = —32% — 62 — 5 {divide by —3 and proceed as in Exercise 7} =
“Lf@)=2?+2c+1+3-1=@@+1)°*+2 =
=3+ (=5)f(2) = =3 [(=
M0] f(z) = —42® + 162 — 13 = —1f(x) = 2? —4x+4+13 4 = (x—2) % =
—4- (=3)f(2) = =4 [(=
Iﬂlf(x):——x + 9z — 34 {divide by — andproceed as in Exercise 7} =
“dfr)=a? 120+ B0 =22 1204+ 36 + 1 - 36 =(z-6)°+2 =
DEDF@ = (D@60 +F] = flo)=-F-6"-7
f@)y=a®—6s+Z=2>-6z+9 +Z -9
2@ =3 [@-3)+
_6+£+/36-0 6:|:6
2 2

(b) Using the theorem for locating the vertex of a parabola with y = x> — 6z gives us w-coordinate

+2] = f@)=-3@+1)*-2

.
—
5
N~—
I
[
8

o
|
Bl
K
_|_
b2
[N

M3](@) 22— 6x=0{a=1,b=—6,c=0} =

=0,6

Ton = —m = 3. The parabola opens upward since ¢ = 1 > 0, so there is a minimum value of y. To find
a

the minimum, substitute 3 for z in f(z) = 2 — 6x to get f(3) = —9.

Figure 13 Figure 14
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_ 6+1/36 -0

M4](@a) —2> - 62=0{a=-1,b=-6,c=0} = =z — 5 — =60
b —6 . . .
(b) f(z)=—-22—-6x = “9 = 20 = —3. f(—=3) =9 is a maximum since a < 0.
—11++/121 4720 —11+£29 3 5
= 1222 411z + 15 = - = S
[15] (a) f(x) +1lz+15=0 = =z o1 —oi 13
b 11 11
(b) The z-coordinate of the vertex is given by 1 = —— = — = —. Note that this value is easily obtained
2 2(-12) 24
from part (a). The y-coordinate of the vertex is then f(3}) =% ~ 17.52. This is a maximum since
a=—-12 <0.
841
(2 %)
:::::::::::::::x
Figure 15 Figure 16
—T74++/494576 —7+25 8 3
[M6](a) 622+ 72 —24=0 = z— 916 _ _ 83
12 12 32
b 7 7

(b) f(z) =62 +Tz—24 = “% T 26~ 12 f(—=%) = =% ~ —26.04 is a minimum since a > 0.

=24 44/576 - 576  —24 4

17 2424 16 = = = - _=
M7](a) 922 + 242 +16=0 = =z = 5 3
(b) f(z)=92>+24x+16 = b ou 4 f(—3%) = 0is a minimum since a > 0
B 2a 2(9) 3 37 ‘
y
2 X
Figure 17 Figure 18
—4+416-1 —4 1
18] (a) -4z’ +4z—-1=0 = :c:%:_ggzi
4
(b) f(z)=—42’+4z -1 = —;—a:—mz—. f(3) = 0 is a maximum since a < 0.
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—4++/16-36 —44+/—20
M9](a) 22 +42+9=0 = z= 5 = 5 = —2+/5i.

The imaginary part indicates that there are no z-intercepts.

(b) flx)=2*+42+9 = —%:—m:—z f(=2) =5 is a minimum since a = 1 > 0.

y

Figure 19 Figure 20
6Ev36—-72 6X++-36 6+£6¢
20] (@) —322—62—-6=0 = == - == _61:—1:&1'.
The imaginary part indicates that there are no z-intercepts.
b —6
(b) f(z)=-32>—-62—-6 = “5a ~ 3(-3) —1. f(—1) = —3 is a maximum since a < 0.
—16 £ /256 — 208 1
21](a) 2224+ 162 —-26=0 = z= = :411\/48:41\/5%5.73,2.27
b 16 . . .
(b) f(z)=—-222+162—-26 = ——=———+=4. f(4) = 6isamaximum since a < 0.
2a  2(-2)
y
4, 6)
X
Figure 21 Figure 22
44+ +/16 + 88 1
22](a) 242 -4z —-11=0 = x:%:ui 26 ~ 3.55, —1.55
b —4
(b) f(z)=22> -4z —-11 = T a2 1. f(1) = —13 is a minimum since a > 0.

V(4,-1) = y=a(z—4)>—1. Substituting 0 for z and 1 for y gives us
1=a(0-4°-1 = 2=16a = a=1. Hence,y=L(z—4)" -1

24] V(2,4) = y=a(x—2)*+ 4. Substituting 0 for z and 0 for y gives us
0=a(0—-2)"4+4 = —4=4a = a=—1. Hence,y=—(z—2)*+4.

25| V(—2,5) = y=a(x+2)*+5. Substituting 2 for z and 0 for i gives us
0=a(2+2°+5 = —5=16a = a=—1. Hence,y=—=2(x+2)" +5.
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V(=1,-2) = y=a(z+1)*—2. Substituting 2 for z and 3 for y gives us
3=a2+1)’-2 = 5=9a = a=3 Hence,y=3(z+1)"-2
From the figure, the z-intercepts are —2 and 4, so the equation must have the form
y=alr — (-2)](x —4) = a(z + 2)(x — 4). To find the value of a, use the point (2, 4).
4=a(2+2)(2-4) = 4=a(4)(-2) = -8a=4 = a=-3,
so the equation is y = —3 (z + 2)(z — 4).
28]y =a(z+3)(z—T7) @ z=5y=-4 = —-4=a(8)(-2) = a=13,
so the equation is y = 1(z + 3)(z — 7).

291V (0,—2) = (hk)=(0,-2). 2=3,y=25 = 25=a(3—-0" -2 = 27=9a = a=3.
Hence, y = 3(z — 0)> — 2, or y = 322 — 2.

B0 V(0,7) = (hk)=(0,7). 2=2y=-1 = —-1=a2-00°+7 = —8=4a = a=-2
Hence,y = —2(z — 0)* + 7, ory = —222 + 7.

B1V(3,1) = y=a(zx—3)*+1 (*). Ifthe z-intercept is 0, then the point (0, 0) is on the parabola. Substituting

z=0andy=0into (*) givesus0 = a(0 —3)°+1 = —-1=9a = a:—%. Hence,y:—%(x—3)2+1.

B2]V(4,-7) = y=alz—4)’-T.2=-4y=0 = 0=a(-4-4°-7 = T=6da = a=.

Hence,y = (v —4)" - 7.
Since the z-intercepts are —3 and 5, the z-coordinate of the vertex of the parabola is 1 {the average of the
x-intercept values}. Since the highest point has y-coordinate 4, the vertex is (1,4).
V(1,4) = y=a(x—1)"+4. We can use the point (—3,0) since there is an z-intercept of —3.
r=-3,y=0 = 0=a(-3-1)"+4 = -4=16a = a=—1 Hence,y=—1(z—1)>+4.

Since the x-intercepts are —2 and 12, the z-coordinate of the vertex of the parabola is 5 {the average of the
x-intercept values}. Since the highest point has y-coordinate 11, the vertex is (5, 11).
V(5,11) = y=a(z—5)>+ 11. We can use the point (—2, 0) since there is an z-intercept of —2.
r=-2y=0 = 0=a(-2-5"+11 = -11=4%a = a=—1. Hence,y=—L(z—5)+11L
[35] Since the z-intercepts are 8 and 0, the z-coordinate of the vertex of the parabola is 4 {the average of the z-intercept
values}. Since the lowest point has y-coordinate —48, the vertex is (4, —48).
V(4,-48) = y=alz—4)°—-48. 2=0,y=0 = 0=a(0—4)’—48 = 48=16a = a=3.
Hence, y = 3(x — 4)° — 48.
Since the z-intercepts are —3 and 7, the z-coordinate of the vertex of the parabola is 2 {the average of the

x-intercept values}. Since the lowest point has y-coordinate —6, the vertex is (2, —6).
V(2 -6) = y=al-2"-6.2=7,y=0 = 0=a(7-2°-6 = 6=25a = a=2.
6

Let d denote the distance between the parabola and the line.
d = (parabola) — (line) = (—22% + 4z +3) — (z — 2) = —22” + 32 + 5.

b
This relation is quadratic and the x-value of its maximum value is — — = 3 = §
2a 2(-2) 4

Thus, maximum d = 72(%)2 +3(%) +5= % =6.125. Note that the maximum value of the parabola is

f(1) = 5, which is not the same as the maximum value of the distance d.
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As in Exercise 37, d = (line) — (parabola) = (—z + 3) — (222 + 8z +4) = —22? — 9z — 1, and

b -9 9 . 2
“9g = T3 - 1 Thus, maximum d = 72(73) - 9(72) -1= 78—3 =9.125.

Note: We may find the vertex of a parabola in the following problems using either:
(1) the complete the square method,
(2) the formula method, —b/(2a), or

(3) the fact that the vertex lies halfway between the z-intercepts.

) —b —2.867
For D(h) = —0.058h? + 2.867h — 24.239, the vertex is located at h = %0 —2(—0.058)

Since a < 0, this will produce a maximum value.

~ 24.72 km.

—b -3.811
The vertex is located at h = — = 3.8

5y = m ~ 24.43 km. Since a < 0, this will produce a maximum value.

Since the z-intercepts of y = cx(21 — ) are 0 and 21,
the maximum will occur halfway between them, that is, when the infant weighs 10.5 1b.

—b —5/2 75
(a) M = —3—101)2 + 50 e M will be a maximum when v = Evi Z(TZSO) = 5o 37.5 mi/hr.

(B)* +3(D) = —25 4+ D = 35 — 46.875 mi/gal.
b 144 9
(a) s(t) = —162 + 1441 + 100 o s will be a maximum when ¢ = - = 316~ 3

s(2) = —16(2)” + 144(2) + 100 = —324 + 648 + 100 = 424 ft.

(b) v=" = M=-4

(b) When t =0, s(¢) = 100 ft, which is the height of the building.
(@) s(t) = —1612+vpt @ s=0whent=12 = 0=—-16(12)>+v(12) = v, = 192 ft/sec.
(b) Since the total flight is 12 seconds, the maximum height will occur when ¢ = 6.
5(6) = —16(6)” + 192(6) = 576 ft.

Let 2 and 40 — x denote the numbers. Their product P is P = 2(40 — z) = —z% + 40z.
p

0440
P has zeros at 0 and 40 and is a maximum (since a < 0) when x = 220 20.

The product will be a maximum when both numbers are 20.

Let z and = — 60 denote the numbers. Their product P is P = x(x — 60) = 2 — 60z.

0+ 60
P has zeros at 0 and 60 and is a minimum (since ¢ > 0) when = = +T = 30.

The product will be a minimum for x = 30 and x — 60 = —30.

(a) The 1000 ft of fence is made up of 3 sides of length = and 4 sides of length y.
To express y as a function of =, we need to solve 3= + 4y = 1000 for y.
3z+4y=1000 = 4y=1000—3z = y=250—3z.
(b) Using the value of y from part (a), A = zy = :c(250 — %:c) = —%:cQ + 250z.
. . =b —250 500
(c) A will be a maximum when z = 2 = m =3 = 166% ft.
Using part (a) to find the corresponding value of y, y = 250 — 2 (330) = 250 — 125 = 125 ft.
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Represent the perimeter of the field by 2y 4+ 4z = 1000. A = zy = (500 — 2x).

04 250
A has zeros at 0 and 250 and will be a maximum when z = i =125yd. y =500 — 2(125) = 250 yd.

The dimensions should be 125 yd by 250 yd with intermediate fences parallel to the short side.

The parabola has vertex V (3, 3). Hence, the equation has the form y = a(z — %)2 + 3.
Using the point (9, 0) {or (0,0)}, we have 0 = a(9 — 3)2 +3 = a=—3.

Thus, the path may be described by y = — 24—7 (m - 9)2 + 3.

(@) y=ax®>+x+c e Since (0,15) is on the graph, ¢ = 15. Substituting (175, 0) for (x, ) yields

190 190
0=a(175)’+1754+15 = a= ~ g andy = —ﬁxz—km—klt’).
. . —b -1 175°
(b) y will be a maximum when z = 95 = 3(=190/175) = 350 ~ 80.59.
190 (1752\% 175 8405
The corresponding y-value is y = — 1752 < 380 ) 380 +15= T2 ~ 55.3 ft.

[51] (a) Since the vertex is at (0, 10), an equation for the parabola is y = az? + 10.
The points (200, 90) and (—200, 90) are on the parabola. Substituting (200, 90) for (z, y) yields

90 =a(200)* +10 = 80=40,000a = a= g5 = s5- Hence,y = s52? + 10.

(b) The cables are spaced 40 ft apart. Using y = 5(1)0332 + 10 with = = 40, 80, 120, and 160, we get
y= %, 1 1—24, and %, respectively. There is one cable of length 10 ft and 2 cables of each of the other

lengths. Thus, the total length is 10 + 2 (% + 4+ + 1% 4 30) — 282 fi.

[52] (a) Substituting z = 0 and m = 0 into m = 2ax + b yields b = 0.

Substituting z = 800 and m = £ into m = 2az yields a = g

8000

hence, y = gygz°.

(b) Substitute z = 800 into y = g555 % to get y = 80. Thus, B = (800, 80).

An equation describing the doorway is y = ax? + 9. Since the doorway is 6 feet wide at the base, = 3 when
y=0 = 0=a(3)’+9 = 0=9%+9 = 9a=-9 = a=—1. Thus, the equation isy = —z® + 9.
To fit an 8 foot high box through the doorway, we must find x when y =8. If y =8, then 8 = —2° +9 =
z?=1 =z = +1. Hence, the box can only be 1 — (—1) = 2 feet wide.

(@) The maximum height of the baseball occurs at the vertex of the parabola.

The horizontal (z) coordinate of the vertex is x = — % =— 75//41800 = 200, so the corresponding
vertical (y) coordinate is y = —45%(200)2 + 3.(200) + 3 = 33. The maximum height is 33 feet.
(b) The height of the baseball when = = 385 is y = —ﬁ(i’)&’))2 + 3(385) + 3 ~ 7.33, which is less than 8, so

no, the baseball does not clear an 8-foot fence that is 385 feet from home plate.

[55] Let = denote the number of pairs of shoes that are ordered. If z < 50, then the amount A of money that the
company makes is 40x. If 50 < z < 600, then each pair of shoes is discounted 0.04x, so the price per pair is
40 — 0.04x, and the amount of money that the company makes is (40 — 0.04x)x. In piecewise form, we have
(2) = 40z ifz <50
P71 (40 = 0.042)z if50 < 2 < 600

The maximum value of the first part of A is ($40)(49) = $1960. For the second part of A, A = —0.04x2 + 40z

—b —40

20 2(—0.04)
A(500) = 10,000 > 1960, so = 500 produces a maximum for both parts of A.
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Let  denote the number of people in the group. The discount per person is 0.50(x — 30). The amount of money
taken in by the agency may be expressed as:

60x ifz <30

Ale) = { 60 — 0.50(z — 30)]  if30 < 2 < 90

The maximum value of the first part of A is ($60)(30) = $1800. For the second part of A, A = (75 — jz)x has a
maximum when z = 75 {the z-intercepts are 0 and 150}. This value corresponds to each person receiving a
discount of $22.50 and hence, paying $37.50 for the tour. A(75) = 2812.50 > 1800, so = = 75 produces a
maximum for both parts of A.

(a) Lety denote the number of $5 decreases in the monthly charge.
R(y) = (# of customers)(monthly charge per customer) = (8000 4+ 1000y)(50 — 5y)

50 —x

Now let x denote the monthly charge, whichis 50 — 5y. © =50—-5y = by=50—z = y= .

R becomes

50 — x

[8000 + 1000< )] (z) = [8000 + 200(50 — z)](z) = 200z[40 + (50 — 2)] = 2002(90 — z).

(b) R has z-intercepts at 0 and 90, and must have its vertex 500,000+ R
halfway between them at x = 45. + (2,100
50 — 45
Note that this gives us y = 5 = 1, and we have 300,000+
8000 4 1000(1) = 9000 customers for a revenue of
(9000)(845) = $405,000. 100,000+
10 30 50 70 90 ~*

Let x denote the number of $25 increases in rent and M (x) the monthly income. The number of occupied
apartments is 218 — 5x and the rent per apartment is 940 + 25zx.

M (z) = (# of occupied apartments)(rent per apartment) = (218 — 52)(940 + 25z) = 5(218 — 5x)(188 + 5x).

The z-intercepts of M are % and f%. Hence, the maximum of M will occur when

z=1(—188 + 28) = 1(6) = 3. The rent charged should be $940 + $25(3) = $1015.

ol

From the graph of f(z) = 2> —z — 1 and y = 2® — 2!/3, there are three points of intersection. Their coordinates
are approximately (—0.57,0.64), (0.02,—0.27), and (0.81, —0.41).

N/ A
[T /T

Figure 59 Figure 60

From the graph of f(z) = —2?+ 0.5z 4+ 0.4 and y = 2> — 2'/3, there are three points of intersection. Their

coordinates are approximately (—1.61, —2.99), (—0.05,0.37), and (0.98, —0.06).

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

2.6 EXERCISES 117

y=ax*+x+1fora= i, %, 1,2,and 4 e Since a > 0, all parabolas open upward. From the graph, we can see

that smaller values of a result in the parabola opening wider while larger values of a result in the parabola becoming

narrower.
[—8,4] by [1,7] —6,6] by [~
Figure 61 Figure 62

y=a2>+bx+1 for b=0, £1, +2, and +3 e As |b| increases, the graph of each parabola shifts downward.
Negative values of b shift the parabola to the right while positive values of b shift the parabola to the left.

(a) Let January correspond to 1, February to 2, ... , and December to 12.

(b) Let f(x) = a(z — h)* + k. The vertex appears to occur near (7,0.77) Thus, h = 7 and k = 0.77. Using trial
and error, a reasonable value for a is 0.17. Thus, let f(x) = 0.17(z — 7)* + 0.77. {From the TI-83/4 Plus, the
quadratic regression equation is y &~ 0.1676x? — 2.1369z + 7.9471.}

(c) f(4) = 2.3, compared to the actual value of 2.55 in.

[0, 13] by [0, §] 1980, 1995] by [5, 15]

Figure 63 Figure 64

(a) Overall, the data decrease slightly and then start to increase, although there is an unexpected decrease in 1987.
(b) Start by choosing a vertex. The lowest data point is (1984, 7.6), so let h = 1984 and k = 7.6 in the equation
f(x) = a(z — h)* + k. Choosing one more point will determine the parabola.
f(1993) =13.3 = 133 =0a(1993 —1984)° +7.6 = a~ 0.07.
Let f(x) = 0.07(z — 1984)® + 7.6. f can be adjusted to give a slightly better fit.

(a) The equation of the line passing through A(—800, —48) and B(—500,0) is y = % x + 80.
The equation of the line passing through D(500,0) and E(800, —48) is y = — 24—5 x + 80.
Let y = a(x — h)* + k be the equation of the parabola passing through the points B(—500,0), C/(0,40), and
D(500,0). The vertex is located at (0,40) so y = a(z —0)> +40. Since D(500,0) is on the graph,
0=a(500—0)>+40 = a=—gsandy= 2?2 +40. Thus, let

62’0
32+ 80 if —800 < x < —500
flz) = 62009: +40 if =500 < z < 500

2530—1—80 if 500 < 2 < 800
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(b) Graph the equations: Y; = (4/25*x 4 80)/(xz < —500),
Yo = (—1/6250%2 2 + 40)/(z > —500 and = < 500), Y3 = (—4/25%z + 80)/(z > 500)

[—800, 800, 100] by [—100, 200, 100] [—500, 2000, 500] by [0, 800, 100]
. o
Figure 65 Figure 66

(a) The equation of the line passing through A(7500, 243%) and B(0,110) isy = f% x + 110.
The equation of the line passing through D(1500, 110) and (2000, 2431) is y = - z — 290.
Let y = a(z — h)® + k be the equation of the parabola passing through the points B(0,110), C(750,10), and
D(1500,110). The vertex is located at (750,10) so y = a(z — 750)* 4+ 10. Since D(1500,110) is on the

graph, 110 = a(1500 — 750)* + 10 = a = =3y = =-(z — 750)" + 10. Thus, let

—x+110 if—500< 2 <0
fl@) =14 = (z — 750 + 10 if 0 < z < 1500
42-290 if1500 < z < 2000

(b) Graph the equations: Yy = (—4/15*z + 110)/(z < 0),
Y, = (1/5625%(z — 750)22 + 10)/(z > 0 and = < 1500), Y5 = (4/15%z — 290)/(z > 1500)

(@) f must have zeros of 0 and 150. Thus, f(z) = a(z — 0)(x — 150). (b)  [0,180,50] by [0, 120, 50]

Also, f will have a maximum of 100 occurring at z = 75.

(The vertex will be midway between the zeros of f.)

100 4
75—-0)(75—-150) =100 = 4= —— = ———.
o I ) T 75)(—75) ~ 225
f(@) = =55 (2)(x — 150) = — 52 + Sz,50 a = —5p- and b = §.
(c) y=kaa® +bx fork=1, 3, 1,2 and 4 e The value of k affects [0, 600, 50] by [0,400, 50]

both the distance and the height traveled by the object. The distance

1
and height decrease by a factor of z when k£ > 1 and increase by a

1
factor of T when 0 < k < 1.

2.7 Exercises

f@) =43, g(x)=2" o [(3)=3+3=6,9(3)=3"=09

@ (f +9)3) = f(3) +9(3) =6+9=15 (b) (f —9)(3) = f(3) —g(3) =6—9 =3
(€) (f9)(3) = f(3) 9(3)=6-9=54 d) (f/9)(3) = % _ g _ %
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flx)=—-2%g(x)=22—-1 e f(3)=-32=-9,¢9(3)=23)—1=5
(@) (F+9)(3) = £(3) + 9(3) = ~9+ 5 — 1 (b) ( — 9)(3) = £(3) — 9(3) = ~9 — 5 — 14
(©) (79)(3) = £(3) -9(3) = 95 = —45 @ (lom =18 =2 =3
(@) (F+9)(x) = (@) + g(x) = (2 +2) + (2% — 1) = 3% + 1
(f = 9)(a) = (@) g(x) = (a® +2) — (2% 1) = 3 — o 2
(F)0) = () gle) = a7+ 2)- (207 = 1) =24 307 -2 (D) oy = L0 22

(b) The domain of f + g, f — ¢, and fg is the set of all real numbers, R.
(c) The domain of f/g is the same as in (b), except we must exclude the zeros of g.
22-1=0 = 2=} = s=%/}=+Po+l/2
Hence, the domain of f /g is all real numbers except :l:% \/5 .
(r) = (22 +2)+ (2 —4) =222+ 2 — 4
() = f(z) —g(z) = (a* +2) — (a* —4) =z + 4
(f9)(@) = f(x) - g(a) = (a2 +2) - (a? = 4) = o' +o° — da? — 4z (

—_
Q
~
—~
Kﬁ-
+

R
=
—~
&
Il
&h
—~
&
~
_|_
Q

f f@) atta
>(””) @) -1

(b) The domain of f + g, f — g, and fg is the set of all real numbers, R.

(c) The domain of f/g is all real numbers except +2.

@ (f+9)@) =f(z)+g9@x) =vVz+5+/r+5=2x+5;
(f —9)() = f(z) —g(z) = Vo +5- Vo +5=0; (fg)(z)= =z +5-Vr+5=x+5;
<i>(x)zmzx/z+5:1
g 9()  \Jr+5

(b) The radicand, x 4+ 5, must be nonnegative; thatisz +5>0 = x> —5.
Thus, the domain of f + g, f — g, and fgis [—5, ).

(c) Now the radicand must be positive {can’t have zero in the denominator}. Thus, the domain of f/g is (=5, 00).

@ (f+9)(x) = f(z)+g(x) =vb—22+Vz+3;(f - 9)(z) = f(z) — g(x) = /5 — 22 — \/x +3;
(f9)(@) = f(z) glz) = /5 -2z \/z +3 = /(56— 22)(z +3);
<i>(x):f(x)_\/5—2x 52z

g

gle)  Jr+3 V z+3
(b) The radicands must be nonnegative. 5 —2x >0 = 2x <5 = z< % andr+3>0 = x> -3.
Thus, the domain of f + g, f — g, and fg is [—3, %]

.. 9 . . . . 5
(c) Now x + 3 must be positive {can’t have zero in the denominator}. Thus, the domain of f/g is (—3, 5] .

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

120 2.7 EXERCISES

T x z(x z(x — z? + 6z
@ (o)) =) o) = 3+ g = PO = e ey
B 2z r  2z(x+5)-—z(xz—4) 2414z
(= 9)a) = Jla) = glo) = T2 = s = A - T
B 2 r 22 (f _ f(z)  2z/(x—4) 2(x+5)
U9@) = ) gle) = 2 T B (D) - L 2=l 2o

(b) The domain of f is R — {4} and the domain of g is R — {—5}. The intersection of these two domains,
R — {—5,4}, is the domain of the three functions.
(c) To determine the domain of the quotient f/g, we also exclude any values that make the denominator g equal to

zero. Hence, we exclude = 0 and the domain of the quotient is all real numbers except —5, 0, and 4, that is,

R — {~5,0,4}.
@ (F+0)(0) = f(o) + gla) = g ¢ T - HEEU AT D) SO0
(f = 9)@) = f(@) = glo) = = ~ x7f4 = M(I f)zg(fﬁ)‘ % - @ Em;(tclfi);
(F9@) = @) ot) = ;o5 77 = @ ;ﬁx Ty @ (r)= chg)) - ;c//(éc;zi> - 7<Z+—42>

(b) All real numbers except —4 and 2
(c) All real numbers except —4, 0, and 2

O] (a) f(z)=20—1,9(x) = -2 o (fog)(x)=f(g(x)) = f(—a?) =2(—2?) —1 =227 -1
(b) (gof)@)=g(f(x) =gz —1)= -2z —1)* = —(42® — 4z + 1) = —4a2® + 4z — 1

(€ (fof)x)=Ff(f(x)=fR2z—-1)=2(2z—-1)-1=4r-2)-1=4z-3
(d) (g0 9)(@) = g(g(x)) = g(~a?) = ~(=a?)" = — () = —a'
@) (fog)(x) = flg(x) = flx—2) =3(x —2)* =3(2® — 4z +4) = 32 — 122 4 12
(b) (g0 f)(z) = g(f(2)) = g(32°) = (32%) — 2 = 32* — 2
(©) (fof)(@)=f(f(x) = f(32%) = 3(32%)" = 3(9a") = 27a*
(d) (gog)(z) =g(g(x)) =gz -2)=(z-2)-2=2—-4

Note: In Exercises 11-38, let h(x) = (f o g)(x) = f(g(z)) and k(z) = (g o f)(z) = g(f(x)).
h(—2) and k(3) could be worked two ways, as in Example 3(c) in the text.

M1](a) h(z) = fBx+4) =23z +4) —5=6x+3 (b) k(z) = g2z —5) =32z —5)+4 =6z — 11
(c) Using the result from part (a), h(—2) = 6(—2) +3 = —-12+ 3 = —9.
(d) Using the result from part (b), k(3) =6(3) —11 =18 - 11 =17.

[12] (a) h(z) = f(62 —3) =5(62 —3)+2 =30z — 13  (b) k(z) =g(5z +2) =6(52+2) — 3 =30z +9
(c) Using the result from part (a), h(—2) = 30(—2) — 13 = —60 — 13 = —73.
(d) Using the result from part (b), k(3) = 30(3) +9 = 90 + 9 = 99.

(@) h(z) = f(52) = 3(5z)° + 4 = T5a? 4+ 4 (b) k(z) = g(32% +4) = 5(32% + 4) = 1527 + 20
(€) h(—2) =75(—2) +4 =300 + 4 = 304 (d) k(3) = 15(3)* + 20 = 135+ 20 = 155
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(@) h(z) = f(42?) = 3(4a?) — 1 = 122> — 1

(b) k(z) = g(3z — 1) = 4(3z — 1)* = 4(92% — 62 + 1) = 3622 — 242 + 4
(€) h(—2)=12(-2)* -1 =48 —1 =47
(d) k(3) = 36(3)> — 24(3) + 4 = 324 — 72 + 4 = 256

M5 (@) h(z)=f(2z—1)=22z—1)*+32c—1)—4=8z2 -2z -5
(b) k(z)=g(22° + 3z —4) =2(22 + 3z —4) — 1 =42’ + 62 — 9
(€) h(—=2)=8(-2)*—2(-2)—5=32+4—5=31
(d) k(3) =4(3)>+6(3) —9=236+18—9 =145

(16] (a) »
(b) &
() h
(d) &

17l (a) »

5= (322 — o +2) =
z) = g6z —7) = 3(5x —7)° — (5 — 7) + 2 = 752> — 215z + 156
9) = 15(=2)> — 5(=2) + 3 = 60 + 10 + 3 = 73

3) = 75(3)% — 215(3) + 156 = 675 — 645 + 156 = 186

(
(
(=
(
(2)
(
(=
(
( 5322 —x +2) — 7 =152 — 52+ 3
(

(=

(

x) = f(22% — 5x) = 4(22% — 5z) = 8% — 20z (b) k(z) = g(4x) = 2(4z)”® — 5(4x) = 12823 — 20z
() h 8(—2)° —20(—2) = —64+40 = —24  (d) k(3) = 128(3)® — 20(3) = 3456 — 60 = 3396

(
(
(@) nh(z) = f(3z) = (3z)° +2(3z)* = 272 + 182>  (b) k()
(
(

\
[\
~

I

g(x® + 22?) = 3(z® + 22?%) = 32° + 627
)=

(€) h(—2)=27(—2)> +18(—2)" = =216 + 72 = —144  (d) k(3) = 3(3)* +6(3)* =81 + 54 = 135

[9] (a) h(x) = f(-7) = |-7| =7 (b) k() = g(|a]) = =7

(c) h(—2) = 7 since h(any value) = 7 (d) k(3) = —7 since k(any value) = —7
[20] (a) h(z) = f(a?) = -5 (b) k(z) = g(=5) = (=5)* = 25

(c) h(—2) = —5 since h(any value) = —5 (d) k(3) = 25 since k(any value) = 25

[21] (a) h(z) = f(\/x—+2) = (\/ﬁ) — 3(\/—2) =242 —3y/z + 2. The domain of f o g is the set of all z
in the domain of g, z > —2, such that g(x) is in the domain of f. Since the domain of f is R, any value of g(z)
is in its domain. Thus, the domain is all « such that z > —2. Note that both g(x) and f(g(x)) are defined for
x in [—2, 00).

(b) k(z) = g(z® — 3z) = /(2 — 32) + 2 = /22 — 3z + 2. The domain of g o f is the set of all z in the domain
of f, R, such that f(z) is in the domain of g. Since the domain of g is z > —2, we must solve f(z) > —2.
2-32>-2 = 22-3r+2>0 = (z—1)(xz—-2)>0

Interval (—o00,1) | (1,2) | (2,00)
Sign of x — 2 — - +
Signofz — 1 — + +
Resulting sign + — +

From the sign chart, (z — 1)(z —2) >0 = =z € (—00,1]U[2,0).
Thus, the domain is all z such that z € (—oo, 1] U [2, 00).
Note that both f(x) and g(f(z)) are defined for = in (—o0, 1] U [2, c0).
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22] (a) h(x) = f(z® 4 22) = /(2% + 22) — 15 = /a2 + 22 — 15.
Domain of g = R. Domain of f = [15,00). g(z) > 15 = 2*+2x>15 = 2°4+22-15>0 =
(z+5)(x—3)>0 = z€(—o0,—5]UJ[3,00).

(b) k(x) = g(V/z — 15) = (mf r2(Ve 1) =a- 1542/ 15,

Domain of f = [15,00). Domain of g = R. Since f(x) is always in the domain

of g, the domain of g o f is the same as the domain of f, [15, c0).

23] (a) h(z) = f(@) = (\/@)2 — 4 =3z — 4. Domain of g = [0, 00). Domain of f = R.

Since g(x) is always in the domain of f, the domain of f o g is the same as the domain of g, [0, c0).

Note that both g(x) and f(g(z)) are defined for z in [0, 00).

(b) k(z) = g(2® — \/1:27 V/322 — 12. Domain of f =R. Domain of g = [0, c0).

f()>0 = 2°-4>0 = 2’>4 = |z/>2 = z€(—00,—2]U[2,00).

Note that both f(x) and g(f(x)) are defined for = in (—o0, —2] U [2, 00).
@@ h(z)=f(/z) = —(\/5)2 + 1= —x+ 1. Domain of g = [0, 00). Domain of f = R.

Since g(x) is always in the domain of f, the domain of f o g is the same as the domain of g, [0, c0).

(b) k(z) = g(—2*+1) = /—2%+ 1. Domain of f = R. Domain of g = [0, 00).
f)>0 = —2’+1>0 = 22°<1 = |z|<1 = ze[-1,1].

[25] (a) h(z) = f(\/z+5) =y//z +5— 2. Domain of g = [~5,00). Domain of f = [2,00).
gx)>2 = Vrx+5>2 = z+5>4 = zx>-lorze|[-1,).
(b) k(x) = g(\/m - 2) =1/vx — 2+ 5. Domain of f = [2,00). Domain of g = [—5, 0).
f(x)> -5 = +/x—22> —5. This is always true since the result of a square root is nonnegative.
The domain is [2, 00).
(@) h(z)=f(\/z+2) =4/3—+/z+2 Domainofg=][—2,00). Domain of f = (—o0, 3].
3

= r+2<3 = zz+2<9 = zx<T.
We must remember that x > —2, hence, —2 < x < 7.

\/ V3 — x + 2. Domain of f = (—00,3]. Domain of g = [—2, c0).

—_
(=2
~
ol
8
~
I
<
/
w
|
8
N—
I

The domain is (—o0, 3].

(a) h(z)= f(\/ x? — 16) =14/3— /2% — 16. Domain of g = (—00, —4] U [4,00). Domain of f = (—o0, 3.
3 = V22-16<3 = 22-16<9 = 2°<2 = axel-55]
But |z| > 4 from the domain of g, so the domain of f o gis [-5, —4] U [4, 5].

(b) k(z) = g(\/3 - x) - ¢(\/3 - x>2 —16=+/3—2 — 16 = \/—z — 13. Domain of f = (—oc0, 3].
Domain of g = (—o0, —4] U [4,00). f(z) > 4 {f(x) cannot be less than 0} =
vVd—z>4 = 3—x2>16 = zz< —13.
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3
(28] (a) h(x) :f(3 x—B) = (\3/33—5) +5=2—5+5 =2z Domain of g = R. Domain of f = R.
All values of g(z) are in the domain of f. Hence, the domain of f o gis R.

(b) k(z) = g(z*+5) = /(23 +5) —5 = /a3 = 2. Domain of f = R. Domain of g = R.

All values of f(z) are in the domain of g. Hence, the domain of g o f is R.

— = z. Domain of ¢ = R. Domain of f = R.

29] (a) h(x)=f<5x_3> _2<5x2_3>+3:5x—3+3:5x

2 ) 5 )
All values of g(x) are in the domain of f. Hence, the domain of f o gis R.
(21‘ + 3) _3
2 3 2 3—3 2
(b) k(x):g( m5—|— ) = 52 = :C+2 :;:x. Domain of f = R. Domain of g = R.
All values of f(z) are in the domain of g. Hence, the domain of g o f is R.
1 1

(@) hiz)=f(z—-1)= . Domain of g = R. Domain of f =R — {1}.

z-1)—-1 z-2
gx)#1 = xz—1#1 = x # 2. Hence, the domain of f o gis R — {2}.

(b) k(x)g(i> - —-1= l-@-1 = 2_33. Domain of f = R — {1}. Domain of g = R.
x z—1 z—1 z—1

All values of f(z) are in the domain of g. The domainof go fis R — {1}.
1 1\ 1
31] (@) h(z) = f<—3) = <—3> = —;. Domain of g = R — {0}. Domain of f = R.
T T x
All values of g(x) are in the domain of f. Hence, the domain of f o gis R — {0}.

1
(b) k(x) = g(a?) = W

All values of f(z) are in the domain of g except for 0. Since f is 0 when z is 0, the domain of f o gis R — {0}.

1
= —. Domain of f = R. Domain of g =R — {0}.
x

3 3/x x 3 . .
= —_ = ¢« - = ,D f :R— .D f :R_ 2.
[32] (a) h(x) f(x) G/ -2 7 3-2 omain of g {0}. Domain of f {2}
g(z) #2 = §7é2 = x # 3. Hence, the domain of f o gis R — {0, 3}.
T
T 3 3z —6 . .
(b) k;(:c):g(x72> = Py =0 Domain of f =R — {2}. Domain of g =R — {0}.
flz)#£0 = %7&0 = x # 0. Hence, the domain of go f is R — {0, 2}.
z—3 1
x—3 —4 C z—4 z-3-1@z-4) 1
h(z) = —z . - - .
3] (a) h(x) f(a:—4> 33—3_2 r—4 x-3-2z-4) b-uz
z—4
Domain of g = R — {4}. Domainoff;R—{Q}.
glx) £2 = z:4¢2 = 2-3#2 -8 = x5 ThedomainisR — {4,5).
z—1 3
x—1 9 % z—-2 z-1-3(x—-2) —2z+45
k(z) = -z : — - .
(b) ki) g( —2) r—1 _'r-2 z-1-4@-2) —3a+7
x—2
Domain of f = R — {2}. Domain of g = R — {4}.
-1
o) #£4 = i_2¢4 = w—1+#4r—8 = a+#I ThedomainisR—{2,I}.
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-5
— +2
x—5 z+4 x+4 2x-5+2x+4) 3z+3 -—-=zxz-1
a) hiz) = = . = = = )
34 (a) h(x) f<ac+4> $—5_1 x+4 x-5-1(x+4) -9 3
T +4 .
Domain of g = R — {—4}. Domainof f =R — {1}. g(z) #1 = :(:14#1 = z-5#z+4
x
This is always true—so no additional values need to be excluded, and thus, the domain is R — {—4}.
x+2 5
x+2 1Y z—-1 z4+2-5@x-1) —dx+7
b) k(z) = -z : — _ .
(b) k() g(x—l) v+2 o1 at2+4@—1)  bo-2
z—1 5
Domain of f =R — {1}. Domainof g =R — {—4}. f(z)# —4 = x+17é—4 =
r—

r4+2# —4dx+4 = x+#% Thedomainis R — {2, 1}.
38 (a) () = —.gl@) = V=T o hie)=f(Va—T) = ————
r—7-5
Domain of g = [7,00). Domain of f =R — {5}.
g(x) #5 = Jx—T#5 = x—-T+#25 = 1z +# 32 Thedomain is [7,32) U (32, 00).

(b) k(x) = g(ﬁ) =4/ - i E~ 7. Domain of f = R — {5}. Domain of g = [7, 00).
1

—7>0 = 1-7x-5) 0 = —Tx+36 0 {see the sign chart} = x € (5,3].
z—5 =5 z=95
Interval (=00,5) | (5, %) | (¥, 00)
Sign of =7z + 36 + + -
Signofz — 5 - + +
Resulting sign — + -
36] (a) f(z) = ﬁ,gm = Vo4 e h@) = f(Va-1) = ﬁ

Domain of g = [4,00). Domain of f =R — {7}.
9gx)£T7T = rx—4#7 = x—-4#49 = 1z #53. The domainis [4,53) U (53, c0).

(b) k(z) = g(ﬁ) =4/ . i = 4. Domain of f = R — {7}. Domain of g = [4, c0).

1 —4>0 = mzo = M 0 {see the sign chart} = 936(7,%]-
x—7 r =T r—7
Interval (=00, 7) | (7,2) | (B, 0)
Sign of —4z + 29 + + —
Signofz — 7 - + +
Resulting sign - + -
37 (@) fo) = go0e) =5 x o )= (V5 1) = ﬁ

Domain of g = (—00,5]. Domain of f =R — {—3}.
The domain of g is « < 5 and f(g(x)) is defined for x < 5. The domain is (—oco, 5].
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1 1 . .
(b) k(x) = g(m) =4/5— et Domain of f = R — {—3}. Domain of g = (—0o0, 5].

5 3)—1 5 14 .
— >0 uzo = T > 0 {see the sign chart} =
r+3 z+3 z+3
:CE(—OO,—S)U[ 154,00).
Interval (—00,—3) (73,715—4) (715—4,00)

Sign of 5z + 14 — - +

Signof x + 3 — + +

Resulting sign + — +

2 2

a r)=——,9(x)=+vV3—z e h(z)= 3—z) = ———r-.
38] (@) /(x) = . 9(a) = V/ @ =#(V3=e) = ——1,

Domain of g = (—o0, 3]. Domain of f =R — {—4}.
The domain of g is < 3 and f(g(z)) is defined for z < 3. The domain is (—o0, 3].

2 2
(b) k(x) = g( +4> ,/371 Domain of f = R — {—4}. Domain of g = (—00, 3].
2
3

3z+4)-2 3z + 10 ,

- = 2 > th hart

3;+4—0 = T +4 >0 = 14 > 0 {see the sign chart} =
z € (=00, —4) U [, 00).
Interval (—o0,—4) (_4, _13_0) (_13_07 oo)

Sign of 3x + 10 — — +

Sign of z + 4 — + T

Resulting sign + — +

[39] f(z) =22 —2,g(x) =2 +3 o (fog)la)=flg(x)) = flz+3) = (x+3)2_
(fog)@)=0 = (z+3°-2=0 = (z2+3°=2 = z+3=%+/2 = z=-3+2

[40] f(z)=2* -2 —2,g(x) =225 e
(fog)(x) = f(g9(x) = f(2z —5) = (22 — 5)* — (22 — 5) — 2 = 422 — 22z + 28.
(fog)(x)=0 = 422-220+28=0 = (2z-4)22-7)=0 = x=2,

SRS

(@ (fog)(6)=f(g(6)) =f(8) =5 (b) (9o f)(6) =g(f(6)) =g(7) =6
(€) (fo£)(6)=f(f(6))=f(7)=6 (d) (909)(6) =g(9(6)) = g(8) =5
() (fog)9) = f(g(9)) = f(4),but f(4) cannot be determined from the table.

@) (ToS)(1)=T(5(1)) =T1(0) =2 (b) (SoT)(1)=5(T(1)) =503)=2
(€) (ToT)(1)=T(T(1))=T(3)=0 (d) (So8)(1)=25(5(1))=5(0)=1

() (ToS)(4)=T(S(4)) =T(5), but T(5) cannot be determined from the table.
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D(t) = V400 + 2, R(z) = 20z o (Do R)(z) = D(R(z)) = D(20z) = 1/400 + (202)> = /400 + 4002
= /400(1 + 22) = /400 /22 + 1 = 20/22 + 1
S(r)=4mr2, D(t) =2t +5 e (SoD)(t)=S(D(t)) = S(2t+5) = 4w (2t + 5)*
We need to examine (fg)(—x)—if we obtain (fg)(x), then fg is an even function,
whereas if we obtain —(fg)(z), then fg is an odd function.

(f9)(— ) f(=z)g(—x) {definition of the product of two functions}
(

—f(x)g(x) {fisodd,so f(—z) = —f(z); g is even, so g(—x) = g(z)}
—(f9)(z) {definition of the product of two functions}

Since (fg)(—x) = —(fg)(z), fg is an odd function.

If f is even and odd, then f(—x) = f(z) and f(—2z) = — f(z).
Thus, f(z) = —f(z) = 2f(x)=0 = f(x)=0. Hence, f(z) = 0 is a function that is both even and odd.

(ROUND2 o SSTAX)(525.00) = ROUND2(SSTAX(525.00))
= ROUND2(0.0765 - 525.00)
= ROUND2(40.1625) = 40.16

)

(a) (CHR o ORD)(“C”) = CHR(ORD(“C")) = CHR(67) = “C”
(b) CHR(ORD(“A”) + 3) = CHR(65 + 3) = CHR(68) = “D”

r=5tand A=m? = A=n(5t)" = 25mt i,

Vz%m“3 = 7"3:% = 7‘:31‘; V—g = r(t):3@23ﬁ:%%ft,
[51] The formula for the volume of a cone is V' = $mr’h = tmr® {since h =1} =

7"3:% = r:3¥.V:2437rt = r= 2437Tt \/%—9\/7&.
52] 22+ 22 =1 = PP=2? = y:ﬂx. v+ai=d*> = d*=32> = dx fac

Let [ denote the length of the rope. Att =0,1=20. Att=1,1=25.
Attime t, [ = 20 + 5t, not just 5t. We have a right triangle with sides 20, h, and [. h% +20°> = > =

h = /(20 + 5t)* — 202 = \/25¢2 + 200t = /25(12 + 8t) = 5\/2 + 8t.

[54] The triangle has sides of length 28, 50, and /282 + 502 = /3284 = 2,/821.
Let y = h — 2. Using similar triangles and the fact that d = 2t,

N O R VO P
d  2,/821 ST NET TR
[565] From Exercise 83 of Section 2.4, d(z) = /90,400 + 2. The distance z of the plane

from the control tower is 500 feet plus 150 feet per second, that is, 2:(t) = 500 4+ 150¢. Thus,
\/90 400 + (500 + 150t \/90 400 + 250,000 + 150,000t + 22,500¢2

= \/22,500t2 + 150,000¢ + 340,400 = 101/225¢2 + 1500¢ + 3404
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Consider the cable to be a right circular cylinder.

A
A = 27rh = 7dh = 12007d {h = 1200 inches} = d= —.
12007 _— 5
A = —750t, so d(t) = original value + change = 4 — 12007 — 4— gt inches.

y= (2 + 5:(;)1/ e Suppose you were to find the value of y if x was equal to 3. Using a calculator, you might
compute the value of 22 + 5x first, and then raise that result to the % power. Thus, we would choose y = !/ and

u= 2%+ 5z.
Fory = v/z* — 64, choose u = z* — 64 and y = /.
Yy Yy

1 1 ,
Fory:m,chooseu:x—?)andy: e =u S

[60] Fory =4 + /22 + 1, choose u = 22 + 1l andy = 4 + \/ﬂ
[61] Fory = (m4—2x2+5)5, choose v = z* — 222 + 5and y = °.

1 1 .
FOYyZm,chooseu:x2+3m—5andy:ﬁzu*‘g.

vVe+4—2
F v = “
oy vVr+4+2

One choice for u is w = x + 4. Then y would be

, there is not a “simple” choice for y as in previous exercises.

Vu-—2
Vu+2

Another choice for v is u = y/x + 4. Then y would be

u— 2
u+2

3
[64] For y = 1J\r/§/5,chooseu:\‘75andy: l—qf—u'

Vot +1+1
(fog)(x) = f(g9(z)) = f(z*+1) = y/23 + 1 — 1. We will multiply this expression by vetltl

, treating it

+1+1
as though it was one factor of a difference of two squares.
2

/o 2 .

( 1 1)X\/x3—|—1—|—1 ( x3—|—1> -1 3
€T —_ = =

Vad+1+1 Vad4+14+1 Vai+14+1
10-4)?
Thus, (f 0 ¢)(0.0001) = f(g(107)) ~ ( 5 ) =5x 10713,

f(1.12) = 0.321170, g(1.12) ~ 0.280105, f(5.2) ~ 4.106542, and f(f(5.2)) ~ 3.014835 =

(f +9)(112) - (f/9)(1.12) _ [f(1.12) + g(1.12)] ~ f(1.12)/9(1.12) = o ooo0r

[(f o £)(5.2)] {fIf(5.2)]32
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Note: If we relate this problem to the composite function g(f(u)), then Yz can be considered to be f, Y; {which

can be considered to be u} is the function of = we are substituting into f, and Y3 {which can be considered to be g}

is accepting Yo’s output values as its input values. Hence, Y3 is a function of a function of a function.

Note: The graphs often do not show the correct endpoints—you need to change the viewing rectangle,

@ y=-2f(z);Y1=u,
Yy =3y/(Y1 +2)(6 — Y1) — 4, graph
Y3 = —2Y {turn off Y; and Y5, leaving only

Yson}; D = [-2,6], R = [-16,8]
[~12,12,2] by [16,8, 2]
RS T

n="z =H

(¢) y=f(xr—3)+1;Y, = — 3, graph
Ys=Yo+1;D=[1,9], R=[-3,9]
[—12,12,2] by [-6, 10, 2]

r==fe+l

n=1 =z

(€) y=f(-2); Y1 = —z, graph Yy;
D= [767 2}’ R = [74v 8]

[_127 127 2] by [_87 87 2]

re=zfo0+2a-y111-4

H="B W=y

(9) y= f(lz]); Y1 = absz, graph Y»;
D= [7676}’ R = [74a8]

[—12,12,2] by [-6, 10, 2]
re=zf0Y+2a-Y111-4

or zoom in to actually view them on the screen.

(b) y= f(%x); Y, = 0.5z, graph Yo;

D =[-4,12], R = [-4,8]

[—12,12,2] by [-16,8, 2]

?2:3:::?1:;}:;1—'.'1::«\
v
n I
K=y W=y

(d) y=f(x+2)—3; Y, =2+ 2, graph
Yy =Yy -3 D= [~4,4], R = [7,5]
[_127 12, 2] by [_87 8, 2]

i
AN

#=y B y=-p

(f) y=—f(2); Y1 ==, graph Y3 = —Yy;
D= [72v6]9 R = [7874}

[_127 127 2] by [_87 87 2]

fZ=-Y

o
L

/

(h) y=|f(z)|; Y1 =z, graph Y3 = abs Y»;
D= [72v6]9 R = [0a8]
[—4,8] by [-2, 10]
Y Z=absii 2l

H=-z W=y

="z |: =4
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(@) y=1f(2); Y1 =z, graph Y5 = 0.5Y5;
D=[-6,-2], R =[-5,—2]

[—10,6] by [—11, 10]
rE=llfeae

S

n="z f=-E

(¢) y=f(x—2)+5;Y1 =z — 2, graph
Y; =Yy +5 D =[-4,0, R = [-5,1]

[—10,6] by [—11, 10]
FE=VE+E

-

H="H V=g

(e) y= f(—x); Y, = —x, graph Yy;
D =1[2,6], R = [-10, —4]

[—10,6] by [—11, 10]
FE=3L00 Y 1=62Y1+220-10

i = ':I.III:;:‘I/’H-\II

(9) y = f(|z[); No graph

2.7 EXERCISES

129

(b) y= f(2x); Y1 = 2z, graph Y»;
D=[-3,—1], R = [-10, 4]

[—10,6] by [-11, 10]
fe=3L00-Y1=-a Y {+211-10

|

=" = y=-in

(d) y=f(x+4)—1;,Y; =z +4, graph
Y3 =Y, —1; D =[-10,—6], R = [-11, 5]

[—10,6] by [-11, 10]
LESh

n="8 ¥=-11

(f) y=—f(x); Y1 =z, graph Y3 = —Yo;
D =[-6,-2], R = [4,10]
[—10, 6] by [~11, 10]

'|'3="|'f"'u

h="h =10

(h) y =|f(x)|; Y1 =, graph Y5 = abs Yo;
D =[-6,-2], R = [4,10]
[—10, 6] by [~11, 10]

'|'3=-:|I:-5l:£‘|'\2-:luj

="z =10
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[9]

Chapter 2 Review Exercises

If y/x < 0, then y and x must have opposite signs, and hence, the set consists of all points in quadrants IT and TV.
The points are A(3,1), B(—5,—3), and C'(4, —1).

2
Show that d(4, B)? +d(A, C)’ = d(B,C)*; thatis, (v/30) + (1/5)

[V}

(@) P(-5,9),Q(-8,-7) = d(P,Q)= \/[ 8 — (=5 + (-7 —9)% = /9 + 256 = 1/265.

1
(b) P(~5,9), Q(—8,~7) = MPQ—( R :(_73,1
(€) Let R=(z,y). @=Mpr = (—8,—7)2(_5;—:6,9;—y) = —82_5;—$and
7779? ~ S54z=-16and9+y=-14 = 2= llandy=-23 = R=(-11,-23).

Let Q(0, y) be an arbitrary point on the y-axis.
13 =d(P, Q) {with P = (12,8)} = 13 = \/(0 —12°+(y—8)% = 169=144+1>—16y+64 =
P —16y+39=0 = (y—3)(y—13)=0 = y=3,13. The points are (0,3) and (0, 13).

With P(a, 1) and Q(~2,a),d(P,Q) <3 = /(-2—a)’*+(a—1><3 =
44+4a+a*+a>—2a+1<9 = 2d°+2a—-4<0 = a*+a-2<0 = (a+2)(a—1)<0.

Interval (—00,—2) | (=2,1) | (1,00)
Sign of a + 2 — + +
Sign ofa — 1 — — +
Resulting sign + - +

From the chart, we see that —2 < a < 1 will assure us that d(P, Q) < 3.

The equation of a circle with center C'(7, —4) is (z — 7)* + (y + 4)* =

Letting 2 = —2 and y = 5 yields (—9)> + 92 =72 = 72 = 162. Anequationis (x —7)* + (y + 4)> = 162.
The center of the circle is the midpoint of A(8,10) and B(—2, —14), so the center is

Myp = (8 i 5_2) , 10 +§_14)) = (3, —2). The radius of the circle is

1/(=2-8)° + (—14 - 10)° = 1 /100 576 = } - 26 = 13.

An equation is (z — 3)* 4 (y + 2)* = 132 = 169.

%d(A7B) =

We need to solve the equation for z. (z42)>+12=7 = (2+2°=7—1y® = z4+2=+4/7—32 =
z = —2 4+ +/7 — y2. Choose the term with the minus sign for the left half. © = —2 — /7 — 12
8—(-5) 13 13

C(1,=5), D(=6.8) = mep=—g 37 = 5z =17

Show that the slopes of one pair of opposite sides are equal.

A(-3,1), B(1,-1),C(4,1),and D(3,5) = map =3 = mpc.
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M1l (@) 62+2y+5=0 < y:73xfg. Using the same slope, 73,WithA(%,f%),wehave
y+i=-30z-1) = 6(y+i)=-18(z—-1) = 6y+2=-182+9 = 18z +6y="T.
(b) Using the negative reciprocal of —3 for the slope,
y+i=1z-3) = 6(y+3i)=20-3%) = 6y+2=22-1 = 220-6y=3.
[12] Solving for y givesus: 8z +3y — 15 =0 < 3y=-8x+15 & y:—§x+5

The radius of the circle is the distance from the line x = 4 to the x-value of the
center C(—5,—1); r =4 — (=5) = 9. Anequationis (z + 5)* + (y + 1) =81.

M4 2%+ 19> -4 +10y+26=0 = z>—4o+ 4+ +10y+ 25 =—-26+ 4 + 25 =
(x—2)%4 (y+5)°=3 = (C(2,—5). We want the equation of the line through (—3, 0) and (2, —5).

y—0= 2+3(m+3) = y=-1z+3) = z+y=-3

A(=1,2)and B(3,—4) = Mup=(1,—1)and myp = —%. We want the equation of the line through (1, —1)
with slope 2 {the negative reciprocal of =3}. y+1=2(z —1) = 3y+3=22-2 = 2z—3y=>5.
A7) 22+ 2 — 12y +31=0 = 224+¢>—12y+36 =—31+36 = a2+ (y—6)°=5 C(0,6);r=+/5

[18] 42? + 4y* + 242 — 16y +41=0 = 2>+’ +6x—4y+2L =0 =
24+6r+ 9+t —dy+4=-L4+9+4 = (@+37+@y-27=1L C(-3,2);r=13V11

19 (@) /(o) =~ — = f(1)=ﬁ:1 (b) f(—l):\/%%:_%
(e) f(0)= % =0 (d) f(-z) = _;13 S 3”3_ -
(€) —f(x)=—1-f(zx) = f\/;? ® f(2?) = \/‘ZQ_H
(@ /()] = <ﬁ> -

f(x) = _(;’25967;)_5/? f4) = (_(%;) = 4. f(4) is positive.

Note that the factor —32 always contributes one negative sign to the quotient.

~ —2(z* - 20)(3 — 7) _ 0)=)E)
21] f(x) = 6" = f(4) = ey

Note that the factor —2 always contributes one negative sign to the quotient and that

= (—). f(4) is negative.

the denominator is always positive if x # =+ \/6

22](@a) y=f(z)=+/32—4 & 32 —-4>0 = =z %;Dz[%,oo).

Since y is the result of a square root, y > 0; R = [0, 00).

(b) y=flx) =

5 ® D = All real numbers except —4.

(x+4)

. . 1
Since y is the square of the nonzero term poiX > 0; R = (0, 00).
T
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3] fla+h) = fla) [~(a+h)’+(a+h)+5] —[-a®+a+5]

h h
7—a2—2ah—h2+a+h+5+a2—a—5
B h
_ —_ A2 —9%2a —
_ —2ah h+h:h( 2a h+1)=—2a—h+1
h h
1 1 (a+4)—(a+h+4)
flath)—fla)  a+h+4 a+4 _ (a+h+4)(a+4)
h B h B h
_ —h _ 1
(a+h+4(a+4)h  (a+h+4)(a+4)
[25] f(z) = az + b is the desired form. f(1) =3 and f(4) =8 = a:slope:—i:i):g.

fl@)=32z+b = f(1)=2+bbut f(1)=3,502+b=3,andb=%. Thus, f(z) = 3z + 1.

@) f(z)=Vad+4z = f(—2)=/(—2)’ +4(—2) = /—1(a® + 42) = —/2% + 4z = — f(2),

so f is odd

w

(b) flz)=Vma2 —23 = f(—z)=n(—2)" = (—2)® = Vra? + 23 # + f(a),

so f is neither even nor odd
() f(z)=v/az*—=322+5 = f(-x)= \3/(—3:)4 —3(—x)? 4+ 5= /z' — 322+ 5= f(x),s0 f is even

r+5=0 & x = -5, avertical line; z-intercept —b; y-intercept: None

y y
—+ ~ —0—0—0—0—0—0—0—“—0—0—0—0—0—0—0—>
T X

Figure 27 Figure 28

20—7T=0 & y= %, a horizontal line; x-intercept: None; y-intercept 3.5
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2y+5xr—8=0 & y= fgz+4,aline with slope—% and y-intercept 4.
z-intercept: y =0 = 2(0)+52—-8=0 = Hx=8 = z=16

=
=

Figure 29 Figure 30
r=3y+4 & y= %x — %, a line with slope % and y-intercept f%; x-intercept 4

[31] 9y +22° =0 < y = —22? a parabola opening down; z- and y-intercept 0

=
=

Figure 31 Figure 32
B2]3z -7y’ =0 o z= %yQ, a parabola opening to the right; z- and y-intercept 0

@ Y= \/m e The radicand must be nonnegative for the radical to be defined. 1—2>0 = 1>z, or
equivalently, z < 1.
The domain is (—oo, 1] and the range is [0, c0).
z-intercept: y =0 = O:m = 0=1-2z = z=1
y-intercept: c =0 = y= \/m =1

Figure 33 Figure 34

y=(x— 1)3 e shift y = 3 right one unit; z-intercept 1; y-intercept —1
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35] 32 =16 — 22 < 22+ y? = 16; z-intercepts +4; y-intercepts 44

=

=

Figure 35 Figure 36
36) 22+ 12 +40 —16y+64=0 = 2’440+ 4+ —16y+ 64 =—64+ 4 + 64 =
(z +2)% + (y — 8)? = 4; C(—2,8), r = /4 = 2; z-intercept: None; y-intercept 8

2+ —8r=0 < 22—8x+4 16 +12= 16 < (x—4)>+y>=16. This is a circle with center C(4,0)
and radius 7 = \/16 = 4. a-intercepts: y =0 = 2?-8r=0 = z(r—8) =0 = z=0and8;
y-intercept: 0

=
=

Figure 37 Figure 38
x = —/9 — y? is the left half of the circle 2% + y? = 9; x-intercept —3; y-intercepts 43

y = (x — 3)* — 2 is a parabola that opens upward and has vertex (3, —2).
z-intercepts: y =0 = 0= (z—3)?-2 = (2-3)?=2 = z-3=%2 = z=3+.2
y-intercept: 1 =0 = y=(0-3)7-2=9-2=7

=
=

Figure 39 Figure 40

y=—a2-20+3=—(22+20+ 1) +34+ 1 = —(z+1)* + 4,V (—1,4); a-intercepts —3 and 1; y-intercept 3
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The radius of the large circle is 3 and the radius of the small circle is 1. Since the center of the small circle is 4 units
from the origin and lies on the line y = z, we must have 2% + 3> = 4> = 2?+22=16 = 222=16 =
22 =8 = 1z =+/8. The center of the small circle is (\/é, \/g)

The graph of y = — f (z — 2) is the graph of y = f(x) shifted to the right 2 units and reflected through the z-axis.

1-3 3 1 3 1
(a) The graph of f(x) = To 2oy 3 is a line with slope —3 and y-intercept 5

2 2

(b) The function is defined for all z, so the domain D is the set of all real numbers.

The range is the set of all real numbers, so D = R and R = R.

(c) The function f is decreasing on (—o0, 00).

y y
500+
x . 1 s00
Figure 43 Figure 44
(@) f(z)=1000 e (b) D =R; R = {1000} (c) Constant on (—o0, c0)

(a) The graph of f(x) = |x + 3| can be thought of as the graph of g(z) = |z| shifted left 3 units.

(b) The function is defined for all x, so the domain D is the set of all real numbers. The range is the set of all

nonnegative numbers, that is, R = [0, c0).

(c) The function f is decreasing on (—oo, —3] and is increasing on [—3, 00).

=
=

Figure 45 Figure 46
[@6] (a) f(z)= /1022 e (b) D= [—\/E, \/ﬁ];R: [—\/ﬁo]
(c) Decreasing on [f \/E, O] , increasing on {O, \/E}
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(a)

(b)

(c)

[48] (a)
[49] (a)

(b)

(c)

[50] (a)
(b)
(c)

51 (a)

CHAPTER 2 REVIEW EXERCISES

f()=1-—+/z+1=—y/z+1+1 e We can think of this graph as the graph of y = \/z shifted left 1

unit, reflected through the x-axis, and shifted up 1 unit.

For f to be defined, we must have x +1>0 = x> —1,s0 D =[—1,00). The y-values of f are all the

values less than or equal to 1, so R = (—o0, 1].

The function f is decreasing on [—1, 00).

y y
X X
Figure 47 Figure 48
fl@y=+v2—1x o (b) D= (—00,2]; R=10,00) (c) Decreasing on (—o0, 2]

f(x) =9 —2%=—22+9 e We can think of this graph as the graph of y = 2? reflected through the z-axis
and shifted up 9 units.

The function is defined for all z, so the domain D is the set of all real numbers. The y-values of f are all the

values less than or equal to 9, so R = (—o0, 9].

The function f is increasing on (—o0, 0] and is decreasing on [0, c0).

\/

Figure 49 Figure 50
f(x)=a2+62+16=a2>+62+9+7=(x+3)>+ 7. The vertex is (—3,7).
D=R;R=[7,00)

Decreasing on (—oo, —3], increasing on [—3, 00)

22 ifz <0
flx)=< 3z if0<z<?2
6 ifx>2

If x < 0, we want the graph of the parabola y = 2. The endpoint of this part of the graph is (0, 0), but it is not
included. If 0 < x < 2, we want the graph of y = 3z, a line with slope 3 and y-intercept 0. Now we do
include the endpoint (0,0), but we don’t include the endpoint (2,6). If z > 2, we want the graph of the

horizontal line y = 6 and include its endpoint (2, 6), so there are no open endpoints on the graph of f.
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(b) The function is defined for all x, so the domain D is the set of all real numbers. The y-values of f are all the

values greater than or equal to 0, so R = [0, 00).

(c) f is decreasing on (—o0, 0], increasing on [0, 2], and constant on [2, co).

+

Figure 51 Figure 52

[52] (@) f(xz) =1+2[z] e The “2” in front of [x] has the effect of doubling all the y-values of g(z) = [z].
The “+1” has the effect of vertically shifting the graph of h(x) = 2[z] up 1 unit.

(b) The function is defined for all , so the domain D is the set of all real numbers. The range of g(z) = [«] is the
set of integers, that is, {...,—2,—1,0,1,2,... }. The range of h(z) = 2[z] is the set of even integers since we
are doubling the values of g—that is, {...,—4,—2,0,2,4,...}. Since f(x) =1+ h(x), the range R of f is
(.., —3,-1,1,3,...}.

(c) The function f is constant on intervals such as [0, 1), [1,2), and [2, 3).

In general, f is constant on [n, n + 1), where n is any integer.

[53](a) y = \/E e This is the square root function, (b) y=+z+4 e shifty= \/5 left 4 units
whose graph is a half-parabola.

= T

(c) y= f +4 e shifty = x up 4 units (d) y= 4\/5 e vertically stretch the graph of
y= \/E by a factor of 4

] Y [ y
|
X
© 2019 Cengage Learning. All Rights Reserved.

May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

138 CHAPTER 2 REVIEW EXERCISES

(e) y= i\/g e vertically compress the graph of fH y= ,\/E o reflect the graph of y = \/E
y = \/x byafactorof 1/ =4 through the z-axis

-
T

(@) y= f(x —2) e shift f right 2 units (b) y= f(x) —2 e shift f down 2 units

T
-

(c) y=f(—x) e reflect f through the y-axis (d) y = f(2z) e horizontally compress f by a
factor of 2

-
+

(e) y= f(3z) e horizontally stretch f by a factor ~ (f) y=|f(z)| e reflect the portion of the graph
of 1/(1/2) =2 below the z-axis through the z-axis.

-+
s
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(9) v = f(|z|) e include the reflection of all points
with positive z-coordinates through the y-axis—
results in the same graph as in part (f).

[55] Using the intercept form of a line with z-intercept 5 and y-intercept —2, an equation of the line is % + Yo

-2
Multiplying by 10 gives us [% n % - 1} .10, or, equivalently, 2z — 5y = 10.
The midpoint of (—7,1) and (3, 1) is M (—2,1). This point is 5 units from either of the given points.

An equation of the circle is (z + 2)2 + (y— 1)2 = 52 = 925,

571 V(2,~4) and P(—2,4) withy = a(z — h)* +k = 4=a(-2-2)"-4 = 8=16a = a=3.

An equation of the parabola is y = & (z — 2)* — 4.
The graph could be made by taking the graph of y = ||, reflecting it through the z-axis {y = —|z|}, then shifting
that graph to the right 2 units {y = — | — 2|}, and then shifting that graph down 1 unit, resulting in the graph of the

equation y = —|z — 2| — 1.
, b - S
(59] f(z) = 32> — 242 4+ 46 = —2—:—@:4. f(4) = —2 is a minimum since a = 3 > 0.
a
2 b —12 . . .
[60] f(z) = —22% — 122 — 24 = —2—:—2(—2):—3. f(—3) = —6 is a maximum since ¢ = —2 < 0.
a _

f(z) = —12(x 4 4)* + 20 is in the standard form. f(—4) = 20 is a maximum since a = —12 < 0.
f(x) = 3(z + 2)(z — 10) has z-intercepts at —2 and 10. The vertex is halfway between them at x = 4.
f(4)=3-6-(—6) = —108 is a minimum since a = 3 > 0.
flz)=—22> + 122 — 14 = —2(952 —6z+_ ) —14+ __ {complete the square}
= 2(2? 62+ 9) —14+18=—2(z — 3)" + 4.

V(3,-2) = (hk)=(3,-2)iny=a(x—h)’+Ek.

r=1y=-5 = -5=a(1-3°-2 = -3=4da = a=-3 Hence,y=—3(z—3)° -2
The domain of f(z) = /9 — 22 is [—3, 3]. The domain of g(z) = /x is [0, c0).

(a) The domain of fg is the intersection of those two domains, [0, 3].

(b) The domain of f/g is the same as that of fg, excluding any values that make g equal to 0.
Thus, the domain of f/g is (0, 3].

(@) f(z)=8z—3andg(z) =z -2 = (fog)(2)=f(g(2)=f(0)=-3
(b) (g0 £)(2) = g(f(2)) = g(13) = /11
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67] (@) f(x) =22> -5z +landg(x) =3z +2 =
(fog)(x) = f(g(x) =2Bx+2)* =582 +2)+1=2922+ 122 4+4) — 152 — 10+ 1 = 1822 + 9z — 1

(b) (go f)(z) =g(f(x)) =3(22° —bx +1)+2=62> - 152 +3+2=62" — 152 +5

22
[68] (a) f(x)Z\/3x+2andg(a:)=% = (fog)(z)=fl9(x)) = 3(%)_1_2: 3222
1 1

( 33;—1—2)2 BECE

(@ (fo9)(@) = flg(x) = f(Vz—3) = ¢25 (Ve 3) =vB - 9=vB-=
Domain of g(z) = v/ — 3 = [3,00). Domain of f(z) = /25 — 22 =[5, 5].
g(z) <5 {g(x) cannot be less than 0} = /2 —-3<5 = 2-3<25 = x<28.
[3,00) N (—00, 28] = [3, 28]
(b) (g0 f)(@) = g(f(x)) = 9(V/25 = 27) =/ /25— 22 — 3. Domain of f = [~5,5]. Domain of g = [3, ).

fl)y>3 = 25—22 3 = 25-2’>9 = 22<16 = =xc[-4,4].

(b) (9o f)(x) = g(f(z)) =

(@) (fo9)(@) = flg(x) = f(% - 3(2/25”+2 2= 2 = —— Domainofg =R {0}

2 2
Domainof f =R — {—2}. g(z) # -2 = - + —3 = z# —3.
Hence, the domain of f o gis R — {—3,0}.

(b) (go f)(x) = g(f(z)) :g(3$ﬁ_2> = x/(3j+2) = 6:(;;—4' Domain of f =R — {—2}. Domain
ofg=R—{0}. f(z)#0 = 3m3i|—2 #0 =« #0. Hence, the domain of go fisR — {2, 0}.

Tl @) f(r) = — . g@) =iz o ha)=f(Vi-z) = ———

3 4—z-3
Domain of g = (—00,4]. Domain of f =R — {3}.

g(z)#3 = V4—-z2#3 = 4—x#9 = z# -5 Thedomainis (—oo0,—5)U (—5,4].

(b) k(x) = g(%_g) =4/4- %_3 Domain of f = R — {3}. Domain of g = (—o0, 4].

4— L 0 = M 0 = 4x_1320{seethesignchart} =
-3 -3 -3
z € (—00,3) U [1,00).
Interval (—00,3) | (3,4) | (1, 00)
Sign of 4o — 13 - — +
Signof z — 3 — + +
Resulting sign + — +

For y = v/22 — 5z, choose u = 2> — 5z and y = \3/5
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The slope of the ramp should be between 11—2 and 21—0.
If the rise of the ramp is 3 feet, then the run should be between 3 x 12 = 36 ft and 3 x 20 = 60 ft.
The range of the ramp lengths should be from L = /3% 4+ 362 ~ 36.1 ftto L = /32 + 602 =~ 60.1 ft.

(a) The year 2016 corresponds to t = 2016 — 1948 = 68. d = 181 + 1.065(68) = 253.42 ~ 253 ft

(b) d=265 = 265=181+1.065t = 84=1.065t = =15z~ T78.9yr

which corresponds to 79 4 1948 = 2027 or Olympic year 2028.
(@) V = at + b is the desired form. V = 179,000 whent =0 = V = at+ 179,000.
V =215000 whent =6 = 215,000 = 6a + 179,000 = a = 2% = 6000 and hence,
V = 6000t + 179,000.

(b) V' =193,000 = 193,000 = 6000t + 179,000 = ¢t= 1200 _ 1 or2

W=

[76] (a) F = aC + b is the desired form. F =32whenC =0 = F =aC+32. F =212whenC =100 =

212=100a +32 = a =13 = 2andhence, F = 2C + 32.

(b) If C increases 1°, F increases (2)°, or 1.8°.

(@) Ci(z) = (3.00 dollars) - (20 mlles> - x miles = %az, or 0.15z.

gallon gallon

(b) After the tune-up, the gasoline mileage will be 10% more than 20 mi/gal; that is, 22 mi/gal.
Cy(z) = S + 120 ~ 0.1362 + 120.
() C.<Cy = [Zx+120< $x]-220 = 301426400 <33z = 3z > 26400 =
x > 8800 miles.

(a) The length across the top of the pen is 3z and the length across the bottom is 2y. These lengths are equal, so
=32z = y= %x, or y(z) = %x
(b) There are 6 long lengths (y) and 9 short lengths (x), so the perimeter P is given by P = 6y + 92 and
C =10P = 10(6y + 9z) = 10 [(6 - %w) + 9z] = 10(9z + 9z) = 10(18z) = 180z. Thus, C(z) = 180z.
The distances covered by cars A and B in ¢ seconds are 88t and 66¢, respectively. The vertical distance between car
A and car B after ¢ seconds is (20 + 88¢) — 66t = 20 + 22¢. Using the Pythagorean theorem, we have
d(t) = \/102 + (20 + 22t)* = /100 + 400 + 880t + 4842 = 21/12142 + 220t + 125.

Surface area S = 2(4)(x) + (4)(y) = 8z + 4y. Cost C' = 2(8xz) + 5(4y) = 16z + 20y.
(@ C=400 = 162+20y=400 = 20y=—162+400 = y=—3z+20
(b) V =lwh = (y)(4)(z) = 4oy = 4z (— 1z + 20)

24 24 48
81V =nr?hand V =247 = h=— S:7rr2+27rrh=7rr2—|—27rr-—:711“2+—7T.

re’ r2 r, ,
48 3 48 3 16
C = (0.30)(r?) + (o.1o)<7“> _ o ™ _ 3n(r’ +16)

10 T T 107
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(@) V = (10 ft* per minute) (¢ minutes) = 10t
(b) The height and length of the bottom triangular region are in the proportion 6-60, or 1-10, and the length is 10
times the height. When 0 < h < 6, the volume is

V = (cross sectional area)(pool width) = 1bh(40) = 1(10h)(h)(40) = 200h? fi®.
When 6 < h < 9, the triangular region is full and V = 200(6)* + (h — 6)(80)(40) = 7200 + 3200(h — 6).

10t t
(c) For0 < h < 6:10t = 200n?> = h?= 0 = h:U%;

~ 200
t t
0<h<6 = OSH%ﬁG = 0§2—0§36 = 0<1¢<720.
10t — 7200 t— 1720
For 6 < h <9: 10t = 7200 4+ 3200(h — 6 h—6=—— h=6 ;
e t+ 720( - t— 720 5200 - i 520
6<h<9 = 6<64+-——<9 = 0<-——<3 = 0<t-720<960 =
shs DT S Ta0 S = =
720 < t < 1680.
2 1
(a) Using similar triangles, - 1 = r= 3%
x
(b) Volumecone + Volumeey, = Volumey = gmr’h +1r?h =5 =
2 o
im(5) (2) +7(2)°y) =5 = dry=5—Fab = y=L - Lad
y y+h bh
(a)E:T = ay=by+bh = ay—-by=>bh = yla—b)=>bh = V=7

1 1 1 1 1
(b) V=-ma*(y+h)— gwb2y = gﬂ'aQy + §7TCL2h — §7rb2y = g [(a2 — b2)y + th]

(a2 — b?) % +a’h| = gh [(a+b)b+a’] = gh(aQ +ab + b?)

() a=6,b=3V =600 = 600=3%h(6>+6-3+3%) = h=20=20x091f

w

wlx

If 0 < 2 <5000, then B(z) = $3.61(2/1000). If > 5000, then the charge is $3.61(5000/1000) for the first
5000 gallons, which is $18.05, plus $4.17/1000 for the number of gallons over 5000, which is (z — 5000). We

may summarize and simplify as follows:

B — { 3.61(&5) if0 <z <5000 {0.0036195 if 0 < 2 < 5000
3.61(5) 4+ 4.17(£280) if z > 5000 18.05 + 0.00417(z — 5000)  if = > 5000

0.00361z if 0 < 2 < 5000
- { 0.00417z — 2.8 if 2 > 5000

The high point of the path occurs halfway through the jump, that is, at %(8.95) = 4.475 meters from the beginning
of the jump. Using the form y = a(x — h)® + k, we have y = a(x — 4.475)* + 1. Substituting 0 for z and 0 for y
{or equivalently, 8.95 for z}, we get 0 = a(0 — 4.475)* + 1 = —1=a(4.475)> =

(z — 4.475)% + 1.

! d tion i !
= ana an equation 1s = ——F
“ a V="

44752
B87](a) P=24 = 20+2y=24 = y=12—z (b) A=zxy=2x(12—2)

0+12

(c) Aiszero at0 and 12 and will be a maximum when z = 6.

Thus, the maximum value of A occurs if the rectangle is a square.

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Precalculus Functions and Graphs 13th edition Swokowski Solutions Manual


https://ravanbooks.com/books/9781337552332-solutions

CHAPTER 2 DISCUSSION EXERCISES 143

et ¢ denote the time (in hr) after 1:00 p.m. the starting point for shi 1s the origin, then the locations o
(88] Let ¢ d he time (in hr) after 1:00 If th ing point for ship B is the origin, then the locati fA
and B are —30 + 15¢ and —10¢, respectively. Using the Pythagorean theorem,
d? = (=30 + 15t)* + (—10t)* = 900 — 900¢ + 225¢2 + 1002 = 325¢2 — 900¢ + 900.

The time at which the distance between the ships is minimal is the same as the time at which the square of the

b ~900 18
LA = 2 or about 2:23 p.u.
2qa ~  2(325) 13’ romtassrM

distance between the ships is minimal. Thus, ¢t =

Let r denote the radius of the semicircles and x the length of the rectangle. Perimeter = half-mile =

2x+27rr:% = z:f7r7"+i. A:2rz:2r(f7rr+%):727rr2+%7’.
. b 1/2 1 . 1 1 1 .
The maximum value of A occurs when r = ~%a = _2(—/27r) = 3 mi. x = —7T<§> + 1= 3 mi.

(@ ft)=-1gt?+16t o g=32 = f(t)=—16t>+ 16t
Solving f(t) = 0 givesus —16t(t — 1) = ¢ =0,1. The player is in the air for 1 second.

b 16 1 1
32 8 5 . .
(c) g= - = f@t)= _§t + 16¢. Solving f(t) = 0yields ¢t = 0 or 6.
The player would be in the air for 6 seconds on the moon.
b 16 . .
t= ~5g = fm =3. f(3) =24 = the player jumps 24 feet high.

(a) Solving —0.01622 + 1.6z = %J} for x represents the intersection between the parabola and the line.
—0.082% 4+ 8z = x {multiply by 5} = Tz — $2°=0 = z(7-52)=0 = 2=0,'5
The rocket lands at (122, 32) = (87.5,17.5).

22 2

(b) The difference d between the parabola and the line is to be maximized here.

d = (—0.0162" + 1.6z) — (3x) = —0.016x* + 1.4z. d obtains a maximum when
b 14

“2a 2(—0.016)

= 43.75. The maximum height of the rocket above the ground is

d = —0.016(43.75)* + 1.4(43.75) = 30.625 units.

Chapter 2 Discussion Exercises

Graphs of equations of the form y = /%, where 2 > 0, and p and q are positive integers all pass through (0,0) and
(1,1). If p/q < 1, the graph is above y = x for 0 < z < 1 and below y = x for x > 1. The closer p/q is to 1, the
closer y = z/9is to y = . If p/q > 1, the graph is below y = z for 0 < z < 1 and above y = « for z > 1.

[2] (a) Aboutthe z-axis e replacey with —y: —y = ;-3 = g(@)=-3r+3

(b) About the y-axis e replace z with —z:y = 3(—2) —3 = g(z)=—1{z—3

(c) About the line y =2 e by examining the graphs of f(z) = %sc — 3 and y = 2, we observe that the slope of
the reflected line should be —% and the y-intercept should be 5 units above y = 2 (since the y-intercept of f is 5
units below 2). Hence, g(z) = —{z + 7.

(d) About the line z = 3 e similar to part (c), the slope of g is —%. The z-intercept of f, 6, is 3 units to the right

of z = 3, so the z-intercept of g should be 3 units to the left of z = 3. Hence, g(z) = —jx.
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CHAPTER 2 DISCUSSION EXERCISES

Note: An interesting generalization can be made for problems of the form of those in parts (a)—(d) which would be a

El

worthwhile exploratory exercise in itself. It goes as follows: If the graph of y = f(x) is reflected about the line
y==k (orxz =k), how can you obtain the equation of the new graph? Answer: For y = k, replace y with

2k — y; for x = k, replace = with 2k — z.

For the graph of g(x) = \/m, where f(z) = ax® + bx + ¢, consider 2 cases:

(1) (@>0) If f has 0 or 1 z-intercept(s), the domain of ¢ is R and its range is [\/%, oo), where k is the y-value
of the vertex of f. If f has 2 z-intercepts (say z; and x5 with z1 < x5), then the domain of g is (—o0, 21| U [x2, 00)
and its range is [0, 00). The general shape is similar to the v-shape of the graph of y = \/E|x|

(2) (a < 0) If f has no z-intercepts, there is no graph of g. If f has 1 x-intercept, the graph of g consists of that
point. If f has 2 z-intercepts, the domain of g is [x1, 2] and the range is [O, \/% } . The shape of g is that of the top

half of an oval.
The main advantage of graphing g as a composition (say Y; = f and Y, = /Y1 on a graphing calculator) is to

observe the relationship between the range of f and the domain of g.
flz)=ar’+bz+c =

fl@+h)— f(x) [a(z+h)2+b(x+h)+c]f[ax2+bx+c]

h h
B az? + 2ahz + ah? + bx + bh + ¢ —azx? —bx — ¢
- h
2
_ 2ahm+Zh +bh _ h(QaQH;Lah—H)) — %az 4+ ah + b

The expression 2z + h + 6 represents the slope of the line between the points P(z, f(z)) and Q(x + h, f(z + h)).
If h = 0, then 2z + 6 represents the slope of the tangent line at the point P(z, f(x)).

. . m
To determine the z-coordinate of R, we want to start at z; and go — of the way to x».
n

We could write this as x3 = x1 + mAm =z + E(:EQ —x) =z + Ezg — @xl = (1 - E)xl + ng.
n n n n n m7
Similarly, y; — (1 - —)y1 + M
n
. . . . . b b? — dac
The values of the z-intercepts (if they exist) are found using the quadratic formula z = ~5g + 5
a a
. . b . . . b2 — 4dac
Hence, the distance d from the axis of symmetry, = = o0 to either x-intercept is d = T and
a a
b2 — 4 b2  dac — b?
d? =% From page 155 of the text, the y-coordinate of the vertexish =c — — = ac—’ SO
4a? da da
4ac — b?
h 4a 4a®(4ac — b?)
_ = = = —qQ.
d> b —4dac  4a(b? — 4ac)
4a?
Thus, h = —ad?. Note that this relationship also reveals a connection between the discriminant D = b*> — 4ac and

the y-coordinate of the vertex, namely h = —D/(4a).
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The graph of y = —[—x] in the solution to Exercise 56(e) of Section 2.5 illustrates the concept of one of the most
common billing methods with the open and closed endpoints reversed from those of the greatest integer function.
Starting with y = —[—x] and adjusting for jumps every 15 minutes gives us y = —[—x/15]. Since each quarter-
hour charge is $20, we multiply by 20 to obtain y = —20[—x/15]. Because of the initial $40 charge, we must add
40 to obtain the function f(x) = 40 — 20[—z/15].

[8] D =0.08332% — 0.4996z + 3.5491 = 0.0833z% — 0.49962 + (3.5491 — D) = 0.
0.4996 + \/ (—0.4996)* — 4(0.0833)(3.5491 — D)
2(0.0833) :

Solving for x with the quadratic formula yields =

4996 + +/33,320,000D — 93,295,996
1666 '
From the figure (a graph of D), we see that 3 < x < 15 corresponds to the right half of the parabola.

or, equivalently, z =

Hence, we choose the plus sign in the equation for x.

[—20, 20, 2] by [0, 40, 2] [0.5,12.5] by [0, 5]

Figure 9 Figure 10

(a) Let January correspond to 1, February to 2, ..., and December to 12.

(b) The data points are (approximately) parabolic on the interval [1, 6] and linear on [6, 12].
Let f1(z) = a(z — h)* + k on [1,6] and fo(x) = ma + b on [6,12]. On [1,6], let the vertex (h, k) = (1,0.7).
Since (6,4) is on the graph of f1, f1(6) = a(6 —1)° +0.7=4 = a=0.132.
Thus, f1(x) = 0.132(z — 1)> + 0.7 on [1,6]. Now, let fo(z) = ma + b pass through the points
(6,4) and (12,0.9). An equation of this line is approximately (y — 4) = —0.517(x — 6).
Thus, let fo(z) = —0.517x + 7.102 on [6, 12].

) = {0132(2 — 12 +0.7 if1<z<6
~0.5172 +7.102  if6 <z <12

(c) To plot the piecewise function, let
Y =(0.132(x — 1)"240.7)/(x <6) and Yy = (—0.517x+ 7.102)/(x > 6).
These assignments use the concept of Boolean division. For example, when (x < 6) is false, the expression Y

will be undefined (division by 0) and the calculator will not plot any values.
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To get to B(1,2) from A(—3,4), move 4 units right and 2 units down.

Since that represents one-tenth of the distance, 40 units right and 20 units down represents the whole distance to

P(z,y) = P(=3 +40,4 — 20) = P(37, -16).

d(P,Q)>5 = \/(6—2)2+(a—3)2>5 = £24+a®2-6a+9>5 = a>-6a>0 =

ala—6)>0 = a<0ora> 6. Make a sign chart to establish the final answer.

Interval (—00,0) | (0,6) | (6,00)
Sign of a - + +
Sign of a — 6 - - +
Resulting sign + — +

The standard equation of the circle with center (4, 5) has the form (z — 4)* + (y — 5)* = 2. Since an z-intercept is
0, a y-intercept is 0, so (0 —4)* 4+ (0—5)*=r2 = 16+25=1r> = 41 =72, and the desired equation is
(x —4)* + (y —5)* = 41.

To go from the center (4,5) to the origin, it's 5 units down and 4 units left. By symmetry, to get to the other y-
intercept from the center, move 5 units up and 4 units left to the point (0, 10); and to get to the other z-intercept,
move 5 units down and 4 units right to the point (8,0). Another method would be to find the standard equation of

the circle, and then substitute 0 for x to find the y-intercept and then O for y to find the z-intercept.

The tangent line and the circle pass through the origin. The slope of the line from the origin to the center of the

circle is %. Since the tangent line is perpendicular to that line, it has slope —% and equation y = — %:c.

20 -Ty=3 = —-Ty=-2z+3 = y:%x—%,

desired line is —% {the negative reciprocal of 2}. Since the desired line has z-intercept 4, its equation is

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

y—0=—-2(z—-4) = y=-Iz+14

The cost of the pizza plus the toppings is 9 + 0.80x. Multiply by 1.10 to get the total cost including the tax. Thus,
T(r) =1.10(940.80x) = T(z)=9.9+0.88z,0r T'(z) = 0.88z +9.9.
N/ -z
)= Vv "
f(@) (z+2)(x —2)
but we must exclude =+ 2 since the denominator is zero for those values.

Thus, the domain of f is (—oo0, —2) U (—2,0].

e The numerator is defined for x < 0. The denominator is defined for all real numbers,

For f(x) = 2>+ 52 — T:

fla+h)—fla) [(a+h) +5(a+h)—17] —(a®>+5a—7)

h h
@+ 2ah + h? + 5a + 5h — 7] — (a® +5a — 7)
B h
2ah + h? h  h(2 h
_ 2a +h +5 _ (a+h +5):2a—|—h—|—5

Based on that answer, a prediction of 2a + h — 7 seems reasonable for the second function, f(z) = x> — 7Tz + 5,

since it appears that only the coefficient of x is part of the answer.
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V=2xyxy=2y> = y*=V/2 = y=./V/2. There are four sides of area 2 x y and the top and
bottom each have area y xy, so S(y) =4(2y) +2(y*) = S(V)=8V/2+2(V/2)=V +8,/V/2 or

V +44/2V.

Start with the point P(3, —2) on f and find the corresponding point on the graph of y = 2| f(z — 3)| — 1.

P(3,-2) {z — 3 [add 3 to the z-coordinate] } — (6,—2)
{ |]absolute value| [make the y-coordinate positive] } — (6,2)
{ x 2 [multiply the y-coordinate by 2] } — (6,4)
{ — 1 [subtract 1 from the y-coordinate] } — (6,3)

The salesman makes $1.20 per cap on the first 1000 caps and $1.80 on each additional cap.

Oy = { 1200 if0 <2 <1000 [ 1.20z if0 <z < 1000
= 11.20(1000) + 1.80(z — 1000) ifz > 1000 | 1.80z — 600 ifz > 1000

The standard equation of a parabola with vertical axis and vertex V (—2,1) is y = a(z + 2)* + 1.
If a < 0, then the graph will have two z-intercepts, so the desired restriction is a > 0.

A parabola that has z-intercepts —2 and 4 has equation f(x) = a(z + 2)(z — 4).
Since (3, —15) is on the parabola, —15 = a(3+2)(3 —4) = —-15=-5a = a=3.
The vertex has x-coordinate that is halfway between the z-intercepts, that is, v = 1.

The minimum value is of f(z) = 3(z + 2)(x — 4) is f(1) = 3(1 +2)(1 — 4) = 3(3)(—-3) = —27.

[15] Let « and 22 — 9 denote the numbers, so that the product is p = xz(2x — 9). The intercepts of the graph of p are 0

and 3, so the vertex is halfway between them at z = 9, and the minimum value is §[2(%) — 9] = $(-3) = —-&.
We could also use p = 22 — 9 and note that — = = —% =2

Let x denote the number of people in the group. The cost per person can be represented by
4—0.01(x —100) =4 —0.0lx +1=5—0.0lx. The total cost T of the group is the product of these two
expressions, so 7' = z(5 — 0.01z). The intercepts of the graph of T are 0 and 500, so the vertex is at 2 = 250.
T(250) = 250(5 — 2.5) = 625. The tour is only offered for 100 to 300 people at a time, so we check the endpoints
and get 7(100) = 100(5 — 1) = 400 and T'(300) = 300(5 — 3) = 600. Thus, the maximum total cost for the group
is $625 when 250 people are in the group and the minimum total cost for the group is $400 when 100 people are in
the group. Note that group sizes from 251 to 300 have a smaller total cost than $625.

f(x)=2?and g(z) =z —3 = (fog)(z)= f(g(x))= (\/:c - 3)2 = x — 3, which is defined for all reals,

but g is defined for only = > 3, so the domain of (f o g)(z) is [3, 00).

C =42 —2y+10and y(t) = 5t,s0 (C o y)(t) = C(y(t)) = (5t)* — 2(5t) + 10 = 25¢> — 10t + 10.

The minimum cost occurs when t = — 2 = — 10 —
2a 2(25)

This costis C'() = 25(5) — 10(3) + 10 = 1 — 2 4 10 = 9, which represents $9000.

o
S =
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