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Chapter 2: Analysis of Graphs and Functions

2.1: Graphs of Basic Functions and Relations; Symmetry
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(—e0,00).

(—e0,00); [0,00)

(0,0)

[0,0); [0,20)

increases

(==°,0]; [0,2°)

X-axis

even

odd

y-axis; origin

The domain can be all real numbers; therefore, the function is continuous for the interval (—oo,c0).

The domain can be all real numbers; therefore, the function is continuous for the interval (—ee,o0).

The domain can only be values where x 2> 0; therefore, the function is continuous for the interval [0, o).
The domain can only be values where x < 0; therefore, the function is continuous for the interval (—oo,0].
The domain can be all real numbers except —3; therefore, the function is continuous for the interval
(=00, =3) U (=3,00).

The domain can be all real numbers except 1; therefore, the function is continuous for the

interval (—eo,1) U (1,0).

(a) The function is increasing for the interval (3,e0)

(b) The function is decreasing for the interval (—eo,3)

(c) The function is never constant; therefore, none.

(d) The domain can be all real numbers; therefore, the interval (—co,o0).

(e) The range can only be values where y > 0; therefore, the interval [0, ).
(a) The function is increasing for the interval (4,0)

(b) The function is decreasing for the interval (—eo,—1)

(¢) The function is constant for the interval (—1,4)

(d) The domain can be all real numbers; therefore, the interval (—co,o0).

(e) The range can only be values where y = 3; therefore, the interval [3,0).
(a) The function is increasing for the interval (—eo,1)

(b) The function is decreasing for the interval (4,e0)
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70 Chapter 2: Analysis of Graphs of Functions

(¢) The function is constant for the interval (1,4)
(d) The domain can be all real numbers; therefore, the interval (—eo,o0).
(e) The range can only be values where y <3; therefore, the interval (—oe,3].

20. (a) The function is never increasing; therefore, none.

(b) The function is always decreasing; therefore, the interval (—oo,o0).

(¢) The function is never constant; therefore, none.

(d) The domain can be all real numbers; therefore, the interval (—eo,o0).
(e) The range can be all real numbers; therefore, the interval (—ee,c0).
21. (a) The function is never increasing; therefore, none
(b) The function is decreasing for the intervals (—ee,=2) and (3,e°)
(c) The function is constant for the interval (-2,3).
(d) The domain can be all real numbers; therefore, the interval (—eo,o0).
(e) The range can only be values where y <1.50r y 2 2; therefore, the interval (—eo,1.5]\U[2,20).
22. (a) The function is increasing for the interval (3,c).
(b) The function is decreasing for the interval (—eo,-3).
(¢) The function is constant for the interval (-3,3)
(d) The domain can be all real numbers except —3; therefore, the interval (—eo,—3) U (=3,00).
(e) The range can only be values where y > 1; therefore, the interval (1,oo).
23. Graph f(x)= x°. See Figure 23. As x increases for the interval (—ee,0), y increases; therefore, the
function is increasing.
24. Graph f(x)= —x*. See Figure 24. As x increases for the interval (—ee,c0), y decreases; therefore, the
function is decreasing.
25. Graph f(x)= x*. See Figure 25. As x increases for the interval (—oo,O) y decreases; therefore, the
function is decreasing on (—e°,0)
26. Graph f(x)= x*. See Figure 26. As x increases for the interval (0,00) , ¥ increases; therefore, the function
is increasing on (O,oo)

[-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

U \ \/ |
| \

Figure 23 Figure 24 Figure 25 Figure 26
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27. Graph f(x)=—|x|. See Figure 27. As x increases for the interval (—oo,O), y increases; therefore, the
function is increasing on (—ee,0).

28. Graph f(x)=—|x|. See Figure 28. As x increases for the interval (0,00) , y decreases; therefore, the
function is decreasing on (0,0).

29. Graph f(x)= —3/;. See Figure 29. As x increases for the interval (—ee,c0), y decreases; therefore, the
function is decreasing.
30. Graph f(x)= —\/;. See Figure 30. As x increases for the interval (O,oo) y decreases; therefore, the

function is decreasing.

[-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

) |
IS

Figure 27 Figure 28 Figure 29 Figure 30

31. Graph f(x)=1- x°. See Figure 31. As x increases for the interval (—oo, o), y decreases; therefore, the function is
decreasing.

32. Graph f(x)=x"—2x. See Figure 32. As x increases for the interval (l,oo) y increases; therefore, the
function is increasing on (1,e0).

33. Graph f(x)=2- x*. See Figure 33. As x increases for the interval (—oo, O) y increases; therefore, the
function is increasing on (—ee,0).

34. Graph f(x)=| x+1|. See Figure 34. As x increases for the interval (—oo, —1) y decreases; therefore, the

function is decreasing on (—ee,~1).

[-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

\ \/ ] >
| ] [\ I

Figure 31 Figure 32 Figure 33 Figure 34
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72 Chapter 2: Analysis of Graphs of Functions

35. (a) No (b) Yes (c) No
36. (a) Yes (b) No (c) No
37. (a) Yes (b) No (¢) No
38. (a) No (b) No (c) Yes
39. (a) Yes (b) Yes (©) Yes
40. (a) Yes (b) Yes (c) Yes
41. (a) No (b) No (©) Yes
42. (a) No (b) Yes (¢) No
43. (a) Since f(—x)= f(x), thisis an even function and is symmetric with respect to the y-axis.
See Figure 43a.
(b) Since f(—x)=-f(x), thisis an odd function and is symmetric with respect to the origin.
See Figure 43b.
Y y
A
+2 +2

I\‘IOE/IYX : }0;/;”
1N 2 / 1N 2

Figure 43a Figure 43b
44. (a) Since this is an odd function and is symmetric with respect to the origin. See Figure 44a.

(b) Since this is an even function and is symmetric with respect to the y-axis. See Figure 44b

y y
A
2+ 2+
x I I I > x
; N~ 2R AN
Figure 44a Figure 44b

45. If fis an even function then f(—x)= f(x) or opposite domains have the same range. See Figure 45

46. If g is an odd function then g(—x)=—g(x) or opposite domains have the opposite range. See Figure 46

_x | &)

_x | f® =51 13
=31 21 =Sl 1
=2|-12 =215
—L]=25 0] 0
1125 21 5
_21-12 B e
31 21 51-13
Figure 45 Figure 46
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This is an even function since opposite domains have the same range.

This is an even function since opposite domains have the same range.

This is an odd function since opposite domains have the opposite range.

This is an odd function since opposite domains have the opposite range.

This is neither even nor odd since the opposite domains are neither the opposite or same range.

This is neither even nor odd since the opposite domains are neither the opposite or same range.
If f(x)=x"-7x>+6, then f(-x)=(-x)*-7(=x)*+6= f(-x)=x*-7x* +6. Since

f(=x) = f(x), the function is even.

If f(x)=-2x"—8x", then f(—x)=-2(-x)°—8(-x)* = f(~x)=—-2x°—8x>. Since

f(=x) = f(x), the function is even.

If f(x)= 3x’ —x, then f(=x)= 3(=x) = (=x) = f(=x)= -3x* +x and

—f(x)=-Gx’-x)= —f(x) =-3x" +x. Since f(-x)=—f(x), the function is odd.

If f(x)= —x° +2x° =3x, then f(=x)= —(=x)* +2(=x)* =3(-x) = f(=x)= x*—=2x+3x and
—f(X)=—(=x" +2x’ =3x) = —f(x) =X’ —2x° +3x. Since f(-x)=—f(x), the function is odd.
If f(x)=x"-4x*+5 then f(—x)=(-x)°—4(-x)* +5= f(-x) = x° —4x* +5. Since

f(=x) = f(x), the function is even.

If f(x)=8, then f(-x)=8. Since f(—x)= f(x), the function is even.

If f(x)= 3x° —x* +7x, then f(=x)= 3(=x)’ = (=x)* +7(=x) = f(=x)= -3x" +x*—7x and
—f(xX)=-Gx -x+7x) = —f(x) =-3x" +x’ —=7x. Since f(-x)=—f(x), the function is odd.
If f(x)= x* —4x, then f(=x)= (=x)* —4(-x) = f(=x)= —x*+4x and

—-f(x)= —(x*—4x) = —-f(x)= —x* +4x. Since f(=x) =—f(x), the function is odd.

If f(x)=[5x|, then f(—x)=5(-x)|= f(-x)=|5x]|. Since f(-x)= f(x), the function is even.

If f(x)=+vx>+1, then f(—x)=+/(-x)>+1= f(-x) =+x> +1. Since f(-x)= f(x), the function is

cven.

1 1 1 1 .
If (-3,11)and(2,9) then f(—x)= —2(—x) = f(-x)= —; and —f(x) = _(ZJ =>-f(x)= _Z Since
f(=x) =—f(x), the function is odd.

If f(x)= 4x—l, then f(—x)= 4(—x)—L = f(—x)= —4x+l and
X (—x) X

—f(x)= —(4x —lj =>—-f(x)= —4x+l. Since f(—x)=—f(x), the function is odd.
X X

If f(x)=-x"+2x, then f(-x)=—(-x)’ +2(-x) = f(-x)=x"—2x and
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—f(x)=—(=x"+2x) = —f(x) = x’ —2x. Since f(-x) =—f(x), the function is symmetric with
respect to the origin. Graph f(x)=—x" +2x; the graph supports symmetry with respect to the origin.
If f(x)=x"-2x, then f(-x)=(-x)"-2(-x)’ = f(-x) =—x" +2x° and

—f(x)=—(x’ —2x’) = —f(x) =—x’ +2x°. Since f(-x)=—f(x), the function is symmetric with
respect to the origin. Graph f(x)=x" —2x’; the graph supports symmetry with respect to the origin.
If £(x)=0.5x"-2x>+1, then f(-x)=0.5(-x)"—2(-=x)* +1= f(~x) =0.5x" —2x” +1.

Since f(—x)= f(x), the function is symmetric with respect to the y-axis. Graph

f(x)=0.5x* —2x* +1; the graph supports symmetry with respect to the y-axis.

If f(x)=0.75x"+|x|+1, then f(-x)=0.75(-x)*+|(=x) | +1= f(=x) =0.75x>+| x| +1.

Since f(—x)= f(x), the function is symmetric with respect to the y-axis. Graph

f(x)=.75x"+| x| +1; the graph supports symmetry with respect to the y-axis.

If f(x)= x*—x+3, then f(=x)= (=x) -(=0)+3= f(=x)= -x*+x+3 and

—f(xX)=—(x’ —x+3)= —f(x) =—x’ +x-3. Since f(x)# f(-x) #—f(x), the function is not
symmetric with respect to the y-axis or the origin.

If f(x)=x"=5x+2, then f(-x)=(-x)" =5(-x)+2= f(-x)=x"+5x+2 and

—f(x)=—(x* =5x+2) = —f(x) =—x* +5x—2. Since f(x)# f(—x)# —f(x), the function is

not symmetric with respect to the y-axis or the origin. Graph f(x)= x* —5x+2; the graph supports no
symmetry with respect to the y-axis or the origin.

If f(x)= x®—4x*, then f(=x)= (=x)° —4(-x)’ => f(=x)= x®+4x* and

—f(x)==(x®—4x’) = —f(x) = —x® +4x°. Since f(x)# f(-x)#—f(x), the function is not
symmetric with respect to the y-axis or the origin. Graph f(x)=x° —4x’; the graph supports no
symmetry with respect to the y-axis or the origin.

If f(x)=x"-3x, then f(-x)=(-x)’-3(-x) = f(-x) =—x"+3x and

-f(x)= —(x*=-3x) = -f(x)= —x* +3x. Since f(=x)=—=f(x), the function is symmetric with
respect to the origin. Graph f(x)=x’ —3x; the graph supports symmetry with respect to the origin.
If f(x)=-6, then f(—x)=-6, Since f(—x)= f(x), the function is symmetric with respect to the y-
axis. Graph f(x)=-6; the graph supports symmetry with respect to the y-axis.

If f(x)= x|, then f(-x)=(—x)|= f(=x) = x|. Since f(—x)= f(x), the function is symmetric

with respect to the y-axis. Graph f(x)=|x|; the graph supports symmetry with respect to the y-axis.
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75. If f(x)=4L3, then f(—x)= :>f(—x)=—L and —f(x)=—(L):>—f(x)=—%. Since
. g

1
4(-x)’ 4y’ 4y’ 4x
f(=x) =—=f(x), the function is symmetric with respect to the origin. Graph f(x) = 4—13; the graph

X

supports symmetry with respect to the origin.
76. 1f ()= = f(x)=|a|, then f(-x)=/(-x)* = f(-x) =/¥* = f(~x) =|«]. Since

f(=x) = f(x), the function is symmetric with respect to the y-axis. Graph f(x)= \/? ; the graph

2.2: Vertical and Horizontal Shifts of Graphs

1. The equation y =x’ shifted 3 units upward is y = x> +3.

2. The equation y = x’ shifted 2 units downward is y = x’ —2.
3. The equation y = Jx shifted 4 units downward is y= Jx -4,
4. The equation y = Yx shifted 6 units upward is y = Yx +6.

5. The equation y =| x| shifted 4 units to the rightis y =| x—4|.
6. The equation y =| x| shifted 3 units to the leftis y=| x+3].
7. The equation y = x* shifted 7 units to the leftis y = (x+7)’.

8. The equation y = Jx shifted 9 units to the rightis y =+/x-9.
9. The equation y = x* shifted 2 units downward and 3 units right is y = (x—3)" -2.

10. The equation y = x” shifted 4 units upward and 1 unit leftis y=(x+ 1)2 +4.

11. The equation y = Jx shifted 3 units upward and 6 units to the leftis y =~/x+6+3.

12. The equation y =| x| shifted 1 unit downward and 5 units to the rightis y =| x—5]|-1.
13. The equation y = x” shifted 500 units upward and 2000 units right is y = (x— 2000)2 +500.

14. The equation y = x” shifted 255 units downward and 1000 units left is y = (x+ 1000)2 —255.
15. Shift the graph of f 4 units upward to obtain the graph of g.

16. Shift the graph of f 4 units to the left to obtain the graph of g.

17. The equation y=x"—3 is y = x shifted 3 units downward; therefore, graph B.

18. The equation y=(x—23)> is y=x" shifted 3 units to the right; therefore, graph C.

19. The equation y=(x+3)* is y =x" shifted 3 units to the left; therefore, graph A.

20. The equation y =| x|+ 4 is y =| x| shifted 4 units upward; therefore; graph A.
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21. The equation y=|x+4|—3 is y =| x| shifted 4 units to the left and 3 units downward; therefore,
graph B.

22. The equation y =|x—4|— 3 is y = f(x) shifted 4 units to the right and 3 units downward; therefore,
graph C.

23. The equation y=(x—3)" is y=x" shifted 3 units to the right; therefore, graph C.

24. The equation y=(x—2)’—4 is y=x’ shifted 2 units to the right and 4 units downward; therefore,
graph A.
25. The equation y = (x+ 2) -4 is [—a,—b]. shifted 2 units to the left and 4 units downward; therefore,

graph B.
26. Using ¥, =Y, +k andx=0. we get 19=15+k =k =4.

27. Using ¥, =Y, +k andx=0, we get -5=-3+k =k =-2.

28. Using ¥, =Y, +k and x=0, we get 5.5=4+15=k=1.5.

29. From the graphs, (6,2) is a pointon Y, and (6,—1) apointon Y,. Using ¥, =Y, +k andx =6, we get
-1=2+k=>k=-3.

30. From the graphs, (—4,3) is a point on ¥, and (—4,8) apointon Y,. Using Y, =Y, +k and x =—4, we
get 8=3+k =k =5.

31. For the equation y = x*, the Domain is (—co,e0) and the Range is [0,°0). Shifting this 3 units downward
gives us: (a) Domain: (—ee,o0) (b) Range: [-3,0).

32. For the equation y = x*, the Domain is (—oo,o0) and the Range is [0,0). Shifting this 3 units to the right
gives us: (a) Domain: (—ee,20) (b) Range: [0,0) .

33. For the equation y =| x|, the Domain is (—o,o0) and the Range is [0,0). Shifting this 4 units to the left
and 3 units downward gives us: (a) Domain: (—eo,>) (b) Range: [-3,0).

34. For the equation y = x|, the Domain is (—oo,0) and the Range is [0,o0). Shifting this 4 units to the
right and 3 units downward gives us: (a) Domain: (—eo,e0) (b) Range: [-3,).

35. For the equation y = x°, the Domain is (—e,0) and the Range is (—eo,0). Shifting this 3 units to the
right gives us: (a) Domain: (—eo,) (b) Range: (—oo,0)

36. For the equation y = x°, the Domain is (—co,0) and the Range is (—oo,c0) . Shifting this 2 units to the right
and 4 units downward gives us: (a) Domain: (—eo,o0) (b) Range: (—eo,0)

37. For the equation y = x*, the Domain is (—co,0) and the Range is [0,0). Shifting this 1 unit to the right and
5 units downward gives us: (a) Domain: (—eo,o0) (b) Range: [-5,0) .

38. For the equation y = x*, the Domain is (—oo,0) and the Range is [0,0). Shifting this 8 units to the left and
3 units upward gives us: (a) Domain: (—ee,o) (b) Range: [3,0).

39. For the equation y = \/;, the Domain is [0,0). and the Range is [0,0). Shifting this 4 units to the right
gives us: (a) Domain: [4,o0). (b) Range: [0,c°) .
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40. For the equation y = \/;, the Domain is [0,e0). and the Range is [0,o0). Shifting this 1 units to the left and

10 units downward gives us: (a) Domain: [—1,e°). (b) Range: [-10,).

41. For the equation y = x°, the Domain is (—o,0) and the Range is (—oo,0) . Shifting this 1 unit to the right

and 4 units upward gives us: (a) Domain: (—ee,o0) (b) Range: (—oo, )

42. For the equation y = i/;, the Domain is (—ee,c0) and the Range is (—eo,0) . Shifting this 7 units to the left

and 10 units downward gives us: (a) Domain: (—eo,>) (b) Range: (—oo,0)

43. The graph of y = f(x) is the graph of the equation y = x” shifted 1 unit to the right. See Figure 43.

44. The graph of y =+/x+2 is the graph of the equation y = Jx shifted 2 units to the left. See Figure 44.

45. The graph of y=x’+1 is the graph of the equation y = x’ shifted 1 unit upward. See Figure 45.

Figure 43

Figure 44

y

||||O\'—|||

Figure 45

46. The graph of y =| x+2| is the graph of the equation y =| x| shifted 2 units to the left. See Figure 46.

47. The graph of y=(x—1)’ is the graph of the equation y = x’ shifted 1 unit to the right. See Figure 47.

48. The graph of y

=| x| - 3 is the graph of the equation y =| x| shifted 3 units downward. See Figure 48.

Figure 46

Figure 47

Figure 48

49. The graph of y=+x—2 — 1 is the graph of the equation y = Jx shifted 2 units to the right and 1 unit

downward. See Figure 49.

50. The graph of y =+x+3 — 4 is the graph of the equation y = Jx shifted 3 units to the left and 4 units

downward. See Figure 50.

51. The graph of f(x) is the graph of the equation y = x” shifted 2 units to the left and 3 units upward. See

Figure 51.
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Figure 49 Figure 50 Figure 51
52. The graph of y=(x—4)>— 4 is the graph of the equation y = x” shifted 4 units to the right and 4 units

downward. See Figure 52.

53. The graph of y=| x+4|— 2 is the graph of the equation y =| x| shifted 4 units to the left and 2 units
downward. See Figure 53.
54. The graph of y=(x+3)’— 1 is the graph of the equation y = x" shifted 3 units to the left and 1 unit
downward. See Figure 54.
y y y
J J / _l_
T 7 M
— Io__z\i/é‘x =—6\I4/—20__I I x II_ZIO:IIII‘X
ot 2t T
Figure 52 Figure 53 Figure 54
55. Since h and k are positive, the equation is y = x” shifted to the right and down; therefore, B.
56. Since h and k are positive, the equation is y = x* shifted to the left and down; therefore, D.
57. Since h and k are positive, the equation is y = x* shifted to the left and up; therefore, A.
58. Since h and k are positive, the equation is y = x” shifted to the right and up; therefore, C.
59. The equation y = f(x)+2 is y = f(x) shifted up 2 units or add 2 to the y-coordinate of each point as
follows: (-3,2) = (-3,0); (-1,4) = (=1,6);(5,0) = (5,2). See Figure 59.
60. The equation y = f(x)—2 is y = f(x) shifted down 2 units or subtract 2 from the y-coordinate of each

point as follows: (=3,-2) = (-3,-4);(-1,4) = (-1,2);(5,0) = (5,-2). See Figure 60.
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(_37 _4) T
Figure 59 Figure 60

The equation y = f(x+2) is y = f(x) shifted left 2 units or subtract 2 from the x-coordinate of each point
as follows: (=3,-2) = (-5,-2);(-1,4) = (-3,4);(5,0) = (3,0). See Figure 61.
The equation y = f(x—2) is y = f(x) shifted right 2 units or add 2 to the x-coordinate of each point as

follows: (=3,-2) = (-1,-2);(-1,4) = (1,4);(5,0) = (7,0). See Figure 62.

~

(=3.4)

T

_l (3.0)
X

Figure 61 Figure 62
The graph is the basic function y = x” translated 4 units to the left and 3 units up; therefore, the new

©5-2) ]

LI

equation is y = (x+4)> +3. The equation is now increasing for the interval: (a) (—4,00) and decreasing for
the interval: (b) (—eo,—4).

The graph is the basic function y = Jx translated 5 units to the left; therefore, the new equation is y = Jx+5s.
The equation is now increasing for the interval: (a) (—5, oo) and does not decrease; therefore: (b) none.

The graph is the basic function y = x’ translated 5 units down; therefore, the new equation is y = x’ —5.
The equation is now increasing for the interval: (a) (—ee,o0) and does not decrease; therefore: (b) none.
The graph is the basic function y = | x| translated 10 units to the left; therefore, the new equation is

y =| x + 10|.The equation is now increasing for the interval: (a) (—10,00) and decreasing for the interval:
(b) (—oo, —10)

The graph is the basic function y = Jx translated 2 units to the right and 1 unit up; therefore, the new equation is

y=+/x—2 + 1.The equation is now increasing for the interval: (a) (2, oo) and does not decrease; therefore: (b)

none.
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The graph is the basic function y = x” translated 2 units to the right and 3 units down; therefore, the new
equation is y = (x—2)* —3. The equation is now increasing for the interval: (a) (2,00) and decreasing for
the interval: (b) (—e°,2).

(@ f(x)=0: {34}

(®)  f(x)>0: for the intervals (—eo,3) U (4,0).

(¢) f(x)<O0: for the interval (3,4).

@ f=0:(V2)

(b)  f(x)>0: for the interval (\/E,oo).
(¢) f(x)<0: for the interval (—00,\/5).

(@ f(x)=0:{-45}

(b)  f(x)=0: for the intervals (—oo,—4]U[5,00)

(¢) f(x)<0: for the interval [—4,5].

(@) f(x)=0: never; therefore: &.

(d)  f(x)=0: for the interval [1,o0).

(¢) f(x)<0: never; therefore: & .

The translation is 3 units to the left and 1 unit up; therefore, the new equation is y =| x+ 3|+ 1. The form

y=|x—h|+k willequal y=| x+3|+ 1when: h=-3 andk =1.

The equation y = x* has a Domain: (—oo, ) and a Range: [0,0). After the translation the Domain is

still: (—eo,o0) but now the Range is (38,<0), a positive or upward shift of 38 units. Therefore, the

horizontal shift can be any number of units, but the vertical shift is up 38. This makes / any real number

and k =38.

(a) B(4)=66.25(4)+160 = 425 ; In 2010, 425,000 bankruptcies were filed.

(b) We will use the point (2006, 160) and the slope of 66.25 in the point slope form for the equation of a
line. y—y =m(x—x)= y—160=66.25(x—2006) = y = 66.25(x —2006) +160

(c) y=66.25(2010-2006)+160 = 66.25(4)+160 = 425, In 2010, 425,000 bankruptcies were filed.

133 133
(d) 293=066.25(x—2006) +160 = 133 = 66.25(x — 2006) = —— = x — 2006 = x = 2006 + .
66.25 66.25

There will be 293 thousand bankruptcies in 2008.

(@) S04 = —%(14)+15 =9; In 2013, sales were $9 billion.
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(b) We will use the point (1999, 15) and the slope of —g in the point slope form for the equation of a

(©)

(d)

3 3
line. y—y, =m(x—-x)=y-15= —7(x—1999) =y= —7(x—1999)+15
y= —%(2013—1999) +15= —%(14) +15=9; In 2013, sales were $9 billion.

3 3
12=-2(x=1999)+15= 3=~ (x~1999) = 7 = x~1999 = x = 2006

U(2011) =13(2011-2006)> +115=13(25)+115 =440 ; The average U.S. household spent $440 on Apple

products in 2011.

The formula for W(x) can be found by shifting U(x) =13(x— 2006)* +115 to the right 4 units.

W (x)=13(x—=2010)> +115; W(x)=13(2015-2010)> +115=13(25)+115 = 440

In 2015, the average worldwide household spending on Apple products was $440, which equaled U.S.

spending 4 years earlier.

(a)

®)

(©)
(a)

©)

(©)

Enter the year in L, and enter tuition and fees in L,. The year 2000 corresponds to x =0 and so on.
The regression equation is y = 402.5x + 3460.

Since x =0 corresponds to 2000, the equation when the exact year is entered is

y =402.5(x—2000) + 3460

y = 402.5(2009 —2000) + 3460 = y = $7100

Enter the year in L, and enter the percent of women in the workforce in L,. The year 1970 corresponds
to x =0 and so on. The regression equation is y = 0.40167x+46.36.

Since x = 0 corresponds to 1970, the equation when the exact year is entered is

¥ = 0.40167 (x—1970) +46.36.

y= 0.40167(2015 —1970)+46.36 = y=64.4

See Figure 81.

y

Figure 81
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8. m=2"2 4,
3-1 2

83. Using slope-intercept form yields: y, —=2=2(x-3)= y, -2=2x-6=y =2x—-4

84. (1,-2+6) and (3,2+6) = (1,4) and (3,8)
85. m:;:mzizz

86. Using slope-intercept form yields: y, -4=2(x-1)=y,-4=2x-2=y, =2x+2.
87. Graph y, =2x—4and y, =2x+2 See Figure 87. The graph y, can be obtained by shifting the graph
of y, upward 6 units. The constant 6, comes from the 6 we added to each y-value in Exercise 84.

[-10,10] by [-10,10]
Xscl=1 Yscl=1

|74
N

Figure 87

88. c; c; the same as; ¢; upward (or positive vertical)

2.3: Stretching, Shrinking, and Reflecting Graphs

1. The function y = x” vertically stretched by a factor of 2 is y = 2x°.
The function y = x’ vertically shrunk by a factor of % isy= lx3.

The function y = Jx reflected across the y-axisis y = J=x.

The function y = Ix reflected across the x-axis is y=-3x.

The function y = |x| vertically stretched by a factor of 3 and reflected across the x-axis is y = —3|x|.

. . 1 -
The function y = |x| vertically shrunk by a factor of 3 and reflected across the y-axis is y = §|—x|.

A

The function y = x’ vertically shrunk by a factor of 0.25 and reflected across the y-axis is y = 0.25(—x")
or y=-0.25x".
8. The function y = Jx vertically shrunk by a factor of 0.2 and reflected across the x-axis is y = —0.24/x )
9. Graph y, =x, y, =x+3(y, shifted up 3 units), and y, = x—3 ( y, shifted down 3 units). See Figure 9.
10. Graph y, =x’, y, =x’+4 (, shifted up 4 units), and y, = x’ —4 ( y, shifted down units).
See Figure 10.
11. Graph y, =|x|, y, =|x—3| (y, shifted right 3 units), and y, = |x+ 3| ( y, shifted left 3 units). See Figure 11.
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/ - y Vi
| y
Y3 ’ Y3 Y1 Y2

N
N\
\\#
NS

Figure 9 Figure 10 Figure 11

12. Graph y, =|x|, y, =|x|—3 (y, shifted down 3 units), and y, =|x|+3 (y, shifted up 3 units).
See Figure 12.

13. Graph y, =~/x, y, =</x+6 (y, shifted left 6 units), and y, =~/x—6 (y, shifted right 6 units). See
Figure 13.

14. Graph y, = |x| , Y, = 2|x| (y, stretched vertically by a factor of 2), and y, = 2.5|x| ( y, stretched

vertically by a factor of 2.5). See Figure 14

73y,

\/ ¥4 Yo Y1 V3 1
3

Figure 12 Figure 13 Figure 14

15. Graph y, = Ux, v, = —x ( y, reflected across the x-axis), and y, = 23x (y, reflected across the
x-axis and stretched vertically by a factor of 2). See Figure 15.

16. Graph y, =x°, y,=(x=2)*+ 1 (y, shifted right 2 units and up 1 unit), and y, = —(x+2)’
( y, shifted left 2 units and reflected across the x-axis). See Figure 16

17. Graph y, = |x|, v, = —2|x—1| +1 (y, reflected across the x-axis, stretched vertically by a factor of 2,

shifted right 1 unit, and shifted up 1 unit), and y, = —%|x| —4 (y, reflected across the x-axis, shrunk by

factor of %, and shifted down 4 units). See Figure 17
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y
A
Y1
» X
0 Y2
Y3
Figure 15 Figure 16 Figure 17

18. Graphy, = Jx, v, = —Jx ( y, reflected across the x-axis), and y, =+/—x (y, reflected across the

y-axis). See Figure 18.

2
19. Graph y, =x* —1 (whichis y = x" shifted down 1 unit), y, = (%xj —1 (y, shrunk vertically by

A factor of %), and y, = (2x )2 —1 (y, stretched vertically by a factor of 2* or 4). See Figure 19.

20. Graph y, = 3—|x| (whichis y = |x| reflected across the x-axis and shifted up 3 units), y, =3 —|3x|

1
—X

stretched vertically by a factor of 3),and y, =3 - 3

( y, shrunk vertically by a factor of %). See Figure 20

Figure 18 Figure 19 Figure 20

21. Graph y, = i/;, v, =x/—x (y, reflected across the y-axis), and y, =3/—(x—1) (y, reflected across

the y-axis and shifted right 1 unit). See Figure 21.
22. Graph y, = Yx , ¥, =2- Yx (y, reflected across the x-axis and shifted up 2 units), and y, =1+ Ix

(y, shifted up 1 unit). See Figure 22.
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23.

24.

25.

26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

Figure 21 Figure 22

The graph y = f(x) = x> has been reflected across the x-axis, shifted 5 units to the right, and shifted 2 units
downward; therefore, the equation of g(x)is g(x)=—(x— 5)* -2.

The graph y = f(x) = x’ has been shifted 4 units to the right and shifted 3 units upward; therefore, the
equation of g(x) is g(x)=(x— 4y +3.

The graph y = f(x) = Jx has been reflected across the y-axis and shifted 1 unit upward; therefore, the
equation of g(x)is g(x) = \/—_x +1.

The graph y = f(x) = Yx has been reflected across the x-axis and shifted 2 units to the right; therefore, the
equation of g(x)is g(x) = —m .

4; x

6;x

2; left; i; x; 3; downward (or negative)

Vs %; x; 6 upward (or positive)

3; right; 6

2; left; 0.5

The function y = X is vertically shrunk by a factor of % and shifted 7 units down; therefore, y = %xz -7.

The function y =x’ is vertically stretched by a factor of 3, reflected across the x-axis, and shifted 8 units

upward; therefore, y =3x+8.

The function y = Jx is shifted 3 units right, vertically stretched by a factor of 4.5, and shifted 6 units
down; therefore, y = 4.5m —6.

The function y = Yx is shifted 2 units left, vertically stretched by a factor of 1.5, and shifted 8 units
upward; therefore, y = I.Sm +8.

The function f(x)=+x-34+2is f(x)= Jx shifted 3 units right and 2 units upward. See Figure 37.
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38. The function f(x)=|x+2|-3 is f(x)=|x| shifted 2 units left and 3 units downward. See Figure 38.

39. The function f(x)= V2x =+24/x is fx) = Jx stretched vertically by a factor of V2 . See Figure 39.

y y y

A A

1 T s

il \ - :/w i

T / > _10/,1 1

T T : >
e + 0 8

oL 3 il T

Figure 37 Figure 38 Figure 39

40. The function f(x)= %(x +2)* is fx)= x* shifted 2 units left and shrunk vertically by a factor of %

See Figure 40.
41. The function f(x)= |2x| = 2|x| is f(x)= |x| stretched vertically by a factor of 2. See Figure 41.

42. The function f(x)= %|x| is f(x)= |x| shrunk vertically by a factor of % See Figure 42

y y y
A
1 3+ +
— T 3__
2 il 1
= F——F—x ——— ————>x ——— ———+—x
29 o 3 oL 3
Figure 40 Figure 41 Figure 42

43. The function f(x)=1- \/; is f(x)= \/; reflected across the x-axis and shifted 1 unit upward. See Figure 43.
44. The function f(x)=2vx-2-11s f(x)= Jx shifted 2 units right, stretched vertically by a factor of 2,

and shifted 1 unit downward. See Figure 44.
45. The function f(x)=—-/1-x=—=(x-1) is f(x)= \/; reflected across both the x-axis, the y-axis and
shifted 1 unit right. See Figure 45.

y y y

A |

+ 81 T
14 T £

— K‘ ———<x T 5 pt+—+—+—>=x
9 1 9
I 7 A R N 27

T T LI B — X

1 o 8 T

Figure 43 Figure 44 Figure 45
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46. The function f(x)=~+—-x—-11is f(x)= Jx reflected across the y-axis and shifted 1 unit downward.
See Figure 46.
47. Thefunction f(x)=+/—(x+1) is f(x)= \/; reflected across the y-axis and shifted 1 unit left. See Figure47.

48. Thefunction f(x)=2+/—(x—-3) is f(x)= \/; reflected across the y-axis, shifted 3 units right, and shifted 2

units upward. See Figure 48.

I
T
=
p
|
T
=
)
L
I./

|
Y/
A=)
|
—_
=]
T
|
I

-4 =€ | 1 | X
1 1 1 1 1 I 0__ I 1 :I" 1
Figure 46 Figure 47 Figure 48
49. The function f(x)=(x—1)"is f(x)=x" shifted I unit right. See Figure 49.
50. Thefunction f(x)=(x+ 2)* is f(x)= x* shifted 2 unit left. See Figure 50.
51. The function f(x)= —x* is fx)= x* reflected across the x-axis. See Figure 51.
y
——— 1L ————x
AN 2
- - 2+
Figure 49 Figure 50 Figure 51

52. The function f(x)= (=x)* +1 is fx)= x° reflected across the y-axis and shifted 1 unit upward. See Figure 52.

Figure 52

53. (a) Theequation y=-f(x) is y = f(x) reflected across the x-axis. See Figure 53a.
(b) The equation y= f(—x) is y = f(x) reflected across the y-axis. See Figure 53b.
(c) Theequation y=2f(x) is y = f(x) stretched vertically by a factor of 2. See Figure 53c.

(d) From the graph f(0)=1.
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y
y
T "V T Je2
T =41 (2,1) g
RS T 0
(=2,-1) (4,-1) I il
(-3, —Z)f T a 1 1
+  (6,-3) € €
Figure 53a Figure 53b Figure 53¢
54. (a) Theequation y=—f(x)is y= f(x) reflected across the x-axis. See Figure 54a.
(b) The equation y= f(—x) is y = f(x) reflected across the y-axis. See Figure 54b.
(c) Theequation y=3f(x) is y = f(x) stretched vertically by a factor of 3. See Figure 54c.
(d) From the graph f(4)=1
y y
y A (-2,9)
(4,001 T
||l&'|/ |__||||||1 _—(2’3)
|||||O|||||||x (21)__
pell I —6 1 ]
\//(2, _1)(6,-1) i_.)_//\
T IIIIIIIIIIII‘X II
(_2’_3) 1 LU T IO__I II/KII 1
T 4,0) 0
Figure 54a Figure 54b Figure 54c
55. (a) Theequation f(x) is y = f(x)reflected across the x-axis. See Figure 55a.
(b) The equation y = f(—x) is y = f(x)reflected across the y-axis. See Figure 55b.
(c) Theequation y= f(x+1) is y= f(x)shifted 1 unit to the left. See Figure 55c.
(d) From the graph, there are two x-intercepts, (~1,0) and (4,0) .
y y y
1, 3) 5800, 2.3) (-35.15) T 1(25,15)
2,0/ 1 \G3. 0 £ +
X X X
o 3, 0N T /2.0 3,0\ P20
+B5,-15) (0,25 N (1,-3) =(-1,-2.5)
:: :: (_ 2’ _3) ::
Figure 55a Figure 55b Figure 55¢C
56. (a) Theequation y=—f(x) is y = f(x) reflected across the x-axis. See Figure 56a.
(b) The equation y= f(—x) is y = f(x) reflected across the y-axis. See Figure 56b.
(c) The equation y = % f(x)is (20,5). shrunk vertically by a factor of % See Figure 56c.
(d) From the graph f(x) <0 for the interval: (—eo,0).
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(-2, 32)

(2,-32)

IIIIIIIIO

Figure 56a

57. (a)

~

(-2, 32)

(2,-32)

IIIIIIIIO

Figure 56b

Section 2.3

~

OIIIIIII

Figure 56¢

The equation y =—f(x) is y = f(x) reflected across the x-axis. See Figure 57a.

(b) The equation y = f [%xj is y = f(x) stretched horizontally by a factor of 3. See Figure 57b.

(c) The equation y=0.5f(x) is y= f(x) shrunk vertically by a factor of 0.5. See Figure 57c.

(d) From the graph, symmetry with respect to the origin.

Figure 57a
58. (a)

Figure 57b

'Z be, 0)
° (6, 0)

X

1,0

Figure 57c¢

(b) The equation y = f(—x) is y = f(x) reflected across the y-axis. See Figure 58b.

2,0

The equation y = f(2x) is y = f(x) stretched horizontally by a factor of % . See Figure 58a.

(c) Theequation y=3f(x) is y= f(x) stretched vertically by a factor of 3. See Figure 58c.

(d) From the graph, symmetry with respect to the y-axis.

ad,n

Figure 58a
59. (a)

(b) The equation—30" is y = f(x) reflected across the x-axis and shifted 1 unit down. See Figure 59b.

Figure 58b

Figure 58c¢

The equation y = f(x)+1 is y = f(x) shifted 1 unit upward. See Figure 59a.
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(c) Theequationy=2f (%xj is y= f(x) stretched vertically by a factor of 2 and horizontally by a

factor of 2. See Figure 59c.

2, 1) /\{) 1}(2, )

| Il l |
T

T 1 1 IO__ 1 T 1
1.d,-D

> X

Figure 59a

——+— N>~
0

2, —l)vé’ 71\)<2, -1

1,-3)¥ +

Figure 59b

-4.0)

N[ (0,0) (4,0

Figure 59c¢

60. (a) Theequationy= f(x)—2 is y= f(x)shifted 2 units downward. See Figure 60a.
(b) The equation y = f(x—1)+2 is y = f(x) shifted 1 unit right and 2 units upward. See Figure 60b.

(c) The equation y=2f(x)isy= f(x)stretched vertically by a factor of 2. See Figure 60c.

y y y
b ‘% Lot
I / he NG
-1,0) + -LDé + .
_?—Q.—i—i—»x Illlq_}}llrx III.O__}}Ilrx
4 B.-D 4 4
4 4 (-2,-2) +
-2,-3) L 4 4
Figure 60a Figure 60b Figure 60c
61. (a) Theequation y= f(2x)+1 is xshrunk horizontally by a factor of {2} and shifted 1 unit upward.

See Figure 61a.

(b) Theequationy =2f [% x) +1 is y = f(x) stretched vertically by a factor of 2, stretched horizontally

by a factor of 2, and shifted 1 unit upward. See Figure 61b.

(c) The equation y = % f(x=2)is y= f(x) shrunk vertically by a factor of % and shifted 2 units to the

right. See Figure 61c.

y y y
A A
4.5 L 4
-1,3) 4+ 4
1,2 4+ @3 4
1,2 T y ©.1) “,.5)
———+++++—>=x - —H—!—O—V»x
%Lo.0 AN aE
1@2.-5
10.-1 1
Figure 61a Figure 61b Figure 61c
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(a) Theequationy = f(2x) is y = f(x) shrunk horizontally by a factor of % . See Figure 62a.

(b) The equation y = f [% x) —11is y= f(x) stretched horizontally by a factor of 2, and shifted 1 unit
downward. See Figure 62b.

(c) Theequation y=2f(x)—1isy= f(x) stretched vertically by a factor of 2 and shifted 1 unit
downward. See Figure 62c.

y y
(2.3)
1.2) o 20,2 \ ©.3)
I"\O\"I"x Iiil_;%ili‘x
(=5,-1) (1,-2) v__
(-1, —3): 2.-5)

Figure 62a Figure 62b Figure 62¢

(a) If (r, 0) is the x-intercept of y = f(x)and y =—f(x) is y = f(x) reflected across the x-axis, then (r, 0)
is also the x-intercept of y =—f(x).

(b) If (r, 0) is the x-intercept of y = f(x) and y = f(—x) is f(x) reflected across the y-axis, then (—r,O)
is the x-intercept of y =—f(x)

(c) If(r,0) isthe x-intercept of y= f(x) and y=—f(-x) is y = f(x) reflected across both the x-axis
and y-axis, then (—r,0), is the x-intercept of y = —f (=x) .

(a) If (0,b)is the y-intercept of y = f(x) and y=—f(x) is y = f(x) reflected across the x-axis,
then (0,—b) is the y-intercept of y =—f(x).

(b) If (0,b) is the y-intercept of y = f(x) and y = f(—x) is y = f(x) reflected across the y-axis, then
(0,b) is also the y-intercept of y = f(—x).

(c) If (0,b) is the y-intercept of y = f(x) and y=5f(x) is y= f(x) stretched vertically by a factor of 5,
then (0,5b) is the y-intercept of y =5f(x).

(d) If (0,b) is the y-intercept of y = f(x) and y=-3f(x) is y = f(x) reflected across the x-axis and
stretched vertically by a factor of 3, then (0,-3b) is the y-intercept of y =-3f(x) .

Since y = f(x—2) is y = f(x) shifted 2 units to the right, the domain of f(x—2) is [—1+ 2,2+ 2]

or [1, 4] , and the range is the same: [0,3] .

Since 5f(x+1) is f(x)shifted 1 unit to the left, the domain of 5f(x+1) is [—1— 1,2—1] or [—2,1]

and, stretched vertically by a factor of 5, the range is [5(0),5(3)] or [0,15].
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Since —f(x) is f(x) reflected across the x-axis, the domain of —f(x) is the same: [—1, 2], and the
range is [—3, 0]. .
Since f(x—3)+1 is f(x) shifted 3 unit to the right, f(x—3)+1 is [-1+3,2+3] or [2,5],an

shifted 1 unit upward, the range is [0+ 1,3+ 1] or [1,4]

Since f(2x) is f(x) shrunk horizontally by a factor of %, the domain of f(2x) is [% (—1),%(2)}

or {—%,1} , and the range is the same: [0,3].

Since 2f(x—1) is f(x) shifted 1 unit to the right, the domain of 2 f(x—1) is [—1+ 1,2+ 1] or

[0,3], and stretched vertically by a factor of 3, the range is [2(—2), 2(3)] or [0, 6].
Since 3 f (i x) is f(x) stretched horizontally by a factor of 4, the domain of 3 f [ixj is [4(—1),4(2)]
or [—4,8] , and stretched vertically by a factor of 3, the range is [3(0),3(3)] or [0,9].

Since —2 f (4x) is f(x) shrunk horizontally by a factor of % ,the domain of 2 f(4x) is [% (- l),i(2)} or

‘:—%,%} and reflected across the x-axis while being stretched vertically by a factor of 2, the range is

[-2(0),-2(3)] =[0,-6] or [-6,0].

Since f(—x) is f(x)reflected across the y-axis, the domain of f(—x) is [—(—1),—(2)] = [1,— ] or [—2,1];

and the range is the same: [0,3].
Since -2 f (—x) is f(x) reflected across the y-axis, the domain of -2 f(—x) is [—(—1),—(2)] = [1, —2] or
[-2,1], and reflected across the x-axis while being stretched vertically by a factor of 2, the range is

[-2(0),-2(3)] =[0,-6] or [-6,0].

Since f(-3x) is f(x) reflected across the y-axis and shrunk horizontally by a factor of % , the domain of

1 1 1 2 21
-3x) is | ——(-1),—=(@2) |=|—=,—— | or | =—,— |, and the range is the same: |0,3|.
f(x)[3()3()}[3 3} [33} g [0.3]
Since %f(x—3) is f(x) shifted 3 units to the right, the domain of %f(x—3) is [—l+3,2+3] or [2,5],

and shrunk vertically by a factor of %, the range is [%(0),%(3)} or [0,1].
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Since y = Jx hasan endpoint of (0, 0), and the graph of y = 10//x=20+5 is the graph of y = Jx shifted
20 units right, stretched vertically by a factor of 10, and shifted 5 units upward, the endpoint of
y=10Jx—20+5 is (O+ 20,10(0)+ 5) or (20,5). Therefore, the domain is [20,e°) , and the range is
[5,00).

Since y = Jx hasan endpoint of (0, 0), and the graph of y = —2Jx+15-18 is the graph of y = Jx
shifted 15 units left, reflected across the x-axis, stretched vertically by a factor of 2, and shifted 18 units
downward, the endpoint of y =-2y/x+15-18 is (0—15,—2(0) —18) or (-15,-18). Therefore, the
domain is [-15,%0), and the range, because of the reflection across the x-axis, is (—oo,—18].

Since y = Jx has an endpoint of (0, 0), and the graph of y = ~5Jx+10+5 is the graphof y= Jx
shifted 10 units left, reflected across the x-axis, shrunk vertically by a factor of .5, and shifted 5 units upward,
the endpoint of y=-.5vx+10+5 is (0-10,—.5(0)+5) or (~10,5). Therefore, the domain is [~10,c),
and the range, because of the reflection across the x-axis, is (—oo,S].

Using ex. 77, the domain is [h,°), and the range is [k,eo).

The graph of y=—f(x) is y = f(x) reflected across the x-axis; therefore, y =—f(x) is decreasing for the
interval (a,b).

The graph of y = f(—x) is y = f(x) reflected across the y-axis; therefore, y = f(—x) is decreasing for the
interval (—=b,—a).

The graph of y =—f(—x) is y= f(x) reflected across both the x-axis and y-axis; therefore, y =—f(—x)

is increasing for the interval (—b,—a)

The graph of y=—c: f(x) is y = f(x) reflected across the x-axis; therefore, y = —c- f(x) is decreasing
for the interval (a,b).

(a) the function is increasing for the interval: (-1,2).

(b) the function is decreasing for the interval: (—eo,~1).

(c)  the function is constant for the interval: (2,e0).

(a) the function is increasing for the interval: (—eo,—1).

(b) the function is decreasing for the interval: (-1,2).

(¢) the function is constant for the interval: (2,e0).

(a) the function is increasing for the interval: (1,e0).

(b)  the function is decreasing for the interval: (-2,1).
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(c) the function is constant for the interval: (—eo,—2).

(a) the function is increasing for the interval: (—eo,—3).

(b) the function is decreasing for the interval: (=3, o).

(c) the function is not constant for any interval.

From the graph, the point on y, is approximately (8,10).

From the graph, the point on y, is approximately (—27,-15).

Use two points on the graph to find the slope. Two points are (—2,-1) and (-1,1); therefore, the slope is

1-(-1
m= %2)) = % = m = 2. The stretch factor is 2 and the graph has been shifted 2 units to the left and 1

unit down; therefore, the equation is y = 2|x + 2| —1.
Use two points on the graph to find the slope. Two points are (1,2) and (5,0); therefore, the slope is

m= % = _72 =>m= —%. The shrinking factor is %, the graph has been reflected across the x-axis,

shifted 1 unit to the right, and shifted 2 units upward; therefore, the equation is y = —%|x — 1| +2.

Use two points on the graph to find the slope. Two points are (0,2) and (1,—1); therefore, the slope is

m= % = _T3 = m =-3. The stretch factor is 3, the graph has been reflected across the x-axis, and

shifted 2 units upward; therefore, the equation is y = —3|x| +2.

Use two points on the graph to find the slope. Two points are (—1,—2) and (0,1); therefore, the slope is

1-(-2
= 0 (( l; = —% = m = 3. The stretch factor is 3 and the graph has been shifted 1 unit to the left and 2

units down; therefore, the equation is y = 3|x + 1| -2.

Use two points on the graph to find the slope. Two points are (0,-4) and (3,0); therefore, the slope is

m= % = % =>m= % The stretch factor is %and the graph has been shifted 4 units down.; therefore,

the equation is y = %|x| -4.
Use two points on the graph to find the slope. Two points are (0,4) and (-3,5); therefore, the slope is
5-4 1

m= S0 3 =>m= —%. The stretch factor is —% and the graph has been shifted 3 units to the left and

. .. 1
5 units up.; therefore, the equationis y = —5|x+ 3| +5.
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97. Since y = f(x) is symmetric with respect to the y-axis, for every (x,y) on the graph, (-x,y) is also on

the graph. Reflection across the y-axis reflect onto itself and will not change the graph. It will be the same.

Reviewing Basic Concepts (Sections 2.1—2.3)

1.

(a)

(b)

(©

(a)
(b)
(©

(d)

(a)
(b)
(©
(d)
(e)
(a)
(b)
(©
(d)
(e)
®
€
(h)

The function f(x) = |x| shifted up one unit yields the function f(x)= |x| +1. Therefore, this function
has a domain of (—oo,oo) and a range of of [l,oo) . The function is increasing from (0, oo) and
decreasing from (—eo,0).

The function f(x)= x> shifted to the right 2 units yields the function f(x)= (x - 2)2 . Therefore, this
function has a domain of (—oo,oo) and a range of of [0,00) . The function is increasing from (2,00) and
decreasing from (—e,2).

The function f(x)= \/; reflected over the x-axis yields the function f(x)= —\/; . Therefore, this
function has a domain of [0,00) and a range of of (—oo,O] . The function is never increasing and
decreasing from (O,w).

If y= f(x) is symmetric with respect to the origin, then another function value is f(-3)=—6.

If y= f(x) is symmetric with respect to the y-axis, then another function value is f(-3) =6.

If f(—x)=-f(x),y=f(x) is symmetric with respect to both the x-axis and y-axis, then another

function value is f(-3) = —6.

If y=f(—x), y=f(x) is symmetric with respect to the y-axis, then another function value is
f(=3)=6.

The equation y = (x - 7)2 is y = x* shifted 7 units to the right: B.

The equation y = x> —7 is y=x" shifted 7 units downward: D.

The equation y =7x* is y = x* stretches vertically by a factor of 7: E.

The equation y = (x+7)* is y = x” shifted 7 units to the left: A.
1 2
The equation y = (5 x) is y = x* stretches horizontally by a factor of 3: C.
The equation y = x> +2 is y=x" shifted 2 units upward: B.
The equation y = x> -2 is y=x" shifted 2 units downward: A.
The equation y =(x+ 2)2 is y = x* shifted 2 units to the left: G.
The equation y = (x—2)* is y = x* shifted 2 units to the right: C.

The equation y =2x” is y = x” stretched vertically by a factor of 2: F.

The equation y =—x" is y = x reflected across the x-axis D.
The equation y = (x— 2)2 +1 is y = x* shifted 2 units to the right and 1 unit upward: H.

The equation y =(x+2)’+1 is y=x* shifted 2 units to the left and 1 unit upward: E.
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5. (a) The equation y= |x| +4 is y= |x| shifted 4 units upward. See Figure Sa.
(b) Theequation y = |x + 4| is y= |x| shifted 4 units to the left. See Figure 5b.
(¢c) The equation y = |x—4| is y= |x| shifted 4 units to the right. See Figure 5c.
(d) The equation y = |x+ 2| -4 is y= |x| shifted 2 units to the left and 4 units down. See Figure 5d.
(e) The equation y = —|x— 2| +41is y= |x| reflected across the x-axis, shifted 2 units to the right, and 4
units upward. See Figure Se.
y y y
A A A
\4/ 4 4y
| | | | | | | Il X | | | | | | Il X | | | | | | Il X
1 I_AI‘ IO__ 1 AI‘ I T 1 I_AI‘ IO__ 1 AI‘ I T 1 I_AI‘ IO__ 1 AI‘ I T
Figure 5a Figure 5b Figure 5c
y y
A
4 4-7\‘
7—¢—¢—|—> x s«
-6 0 2 -2 g 6
Figure 5d Figure 5e
6. (a) The graph is the function f(x)= |x| reflected across the x-axis, shifted 1 unit left and 3 units upward

(b)

()

(d)

7. (a)
(b)

Therefore, the equation is y = —|x + 1| +3.

The graph is the function g(x) = Jx reflected across the x-axis, shifted 4 units left and 2 units
upward. Therefore, the equationis y = —/x+4 +2.

The graph is the function g(x)= Jx stretches vertically by a factor of 2, shifted 4 units left and 4

units downward. Therefore, the equation is y =2+ x+4 —4.

The graph is the function f(x)= |x| shrunk vertically by a factor of %, shifted 2 units right and 1
unit downward. Therefore, the equation is y = %|x - 2| —1.

The graph of g(x) is the graph f(x) shifted 2 units upward. Therefore, ¢ = 2.

The graph of g(x) is the graph f(x) shifted 4 units to the left. Therefore, ¢ = 4.

8. The graph of y = F(x+h) is a horizontal translation of the graph of y = F (x) . The graph of

y=F(x)+h is not the same as the graph of y = F (x+h), because the graph of y=F(x)+h isa

vertical translation of the graph of y = F(x).
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9. (a) Iffiseven,then f(x)= f(—x). See Figure 9a.
(b) Iffisodd, then f(—x)=—f(—x). See Figure 9b.

EIC)) EIC))
3] 4 3] 4
2] -6 2] -6
] s El]
s s
R 2 ]
3] 4 3| 4
Figure 9a Figure 9b

10. (a) R(x)=5(7)+2=37, In 2011, Google’s ad revenues were $37 billion.
(b) Using the point (2004, 2) and the slope of 5 with the point slope formula we will have
y=2=5(x-2004)= y=5(x—-2004)+2.
(¢) y=5(2011-2004)+2=5(7)+2=37, In 2011, Google’s ad revenues were $37 billion.
(d) 27=5(x-2004)+2= 25=5(x-2004) = 5=x-2004 = x =2009

2.4: Absolute Value Functions

1. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the
graph remains unchanged. See Figure 1.

2. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the
graph remains unchanged. See Figure 2.

3. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the

graph remains unchanged. See Figure 3.

-2,8)¢ + 22,8

Figure 1 Figure 2 Figure 3
4. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the
graph remains unchanged. See Figure 4.
5. Since for all y, y = 0, the graph remains unchanged. That is, y = | f (x)| has the same graph as y = f(x).
6. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the

graph remains unchanged. See Figure 6.
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y y
T “,2)
(-8,2) T (8,2) L ) LI e
> =x
Figure 4 Figure 6
7. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the

graph remains unchanged. See Figure 7.

8. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the graph
remains unchanged. See Figure 8.
9. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the
graph remains unchanged. See Figure 9.
y y y
A
2,2/ T \22 I T
( ) T & ., 1)
g (01):_(2,1) LInaSIDR x
+ T R A R
T o0 30 T
Figure 7 Figure 8 Figure 9
10. We reflect the graph of y = f(x) across the x-axis for all points for which y <0. Where y >0, the
graph remains unchanged.
1. If f(a)=-5, then |f(a)|=|-5]=5.
12. Since f(x)=x isaneven function, f(x)=x" and f(x)= |x2| are the same graph.
13. If f(x)=-x°, then y= |f(x)| = y= |—x2| = y = x". Therefore, the range of y = |f(x)| is [0,00).
14. If the range of y = f(x) is [-2, o°), the range of y = | f (x)| is [0,00) since all negative values of y are
reflected across the x-axis.
15. Iftherange of y = f(x) is (—oo,—2] , the range of y = |f(x)| is [2,00) since all negative values of y are
reflected across the x-axis.
16. | f (x)| is greater than or equal to O for any value of x. Since —1 is less than 0, —1 cannot be in the range of f
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From the graph of y = (x+1)° —2 the domain of f(x) is (=eo,%), and the range is [~2,0).

From the graph of y = ‘(x + 1)2 - 2‘ the domain of | f (x)| is (—o0,c0), and the range is [0, ).
From the graph of y =2 —%x the domain of f(x) is (—oo,00), and the range is (—oo,o0). From the

the domain of | f (x)| is (—oo,00), and the range is [0,0).

graph of y = ‘2—%x

From the graph of y=-1- (x - 2)2 the domain of f(x) is (—eo,c0), and the range is (—oo,—1]. From

the graph of y = ‘—1 —(x— 2)2‘ the domain of | f(x)| is (—eo,e0), and the range is [1,%0).

From the graph of y = —|x+ 2| —2 the domain of f(x) is (—oo,o0), and the range is (—oo,—2]. From

the graph of y = |(—|x + 2| - 2)| the domain of |f(x)| is (—oo,00), and the range is [2,c0).

From the graph, the domain of f(x) is [-2,3], and the range is [-2,3]. For the function y = | f (x)| ,

we reflect the graph of y = f(x) across the x-axis for all points for which y <0, and, where y >0, the
graph remains unchanged. Therefore, the domain of y = | f (x)| is [-2, 3], and the range is [0, 3].

From the graph, the domain of f(x) is [-3, 2], and the range is [-2, 2]. For the function y = | f (x)| , we
reflect the graph of y = f(x) across the x-axis for all points for which y <0 and, where y >0, the graph
remains unchanged. Therefore, the domain of y = | f (x)| is [-3, 2], and the range is [0, 2].

From the graph, the domain of f(x) is [-2, 3], and the range is [-3, 1]. For the function y = | f (x)| , we
reflect the graph of y = f(x) across the x-axis for all points for which y <0, and, where y >0, the graph
remains unchanged. Therefore, the domain of y = | f (x)| is [-2, 3], and the range is [0, 3].

From the graph, the domain of y = f(x) is [-3, 3], and the range is [-3, —1]. For the function y = | f (x)|,
we reflect the graph of y = f(x) across the x-axis for all points for which y <0, and, where y >0, the
graph remains unchanged. Therefore, the domain of y = | f (x)| is [-3, 3], and the range is [1, 3].

(a) The function y = f(—x) is the function y = f(x) reflected across the y-axis. See Figure 25a.

(b) The function y =—f(—x) is the function y = f(x) reflected across both the x-axis and y-axis. See
Figure 25b.

(¢) For the function y = |— f (—x)| we reflect the graph of y =—f(—x) (ex. b) across the x-axis for all

points for which y <0, and where y >0, the graph remains unchanged. See Figure 25c.
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Figure 25a Figure 25b Figure 25c¢
26. (a) The function y = f(—x) is the function y = f(x) reflected across the y-axis. See Figure 26a.
(b) The function y=—f(—x) is the function y = f(x) reflected across both the x-axis and y-axis. See
Figure 26b
(¢) For the function y = |— f (—x)| we reflect the graph of y =—f(—x) (ex. b) across the x-axis for all
points for which y <0, and, where y >0, the graph remains unchanged. See Figure 26c
y y y
10,2) 1 100,2)
4/_-- (3,0) (-2,0) L+ _|/_——
0 d o d 0 d
2,07 < 3.0 20T GO
4 1(0,-2) 4
Figure 26a Figure 26b Figure 26¢

27. The graphof y = | f (x)| can not be below the x-axis; therefore, Figure A shows the graph of y = f(x),

while Figure B shows the graph of y = | f (x)|.

28. The graph of y = | f (x)| can not be below the x-axis; therefore, Figure B shows the graph of y = f(x),

while Figure A shows the graph of y = | f (x)|.

29. (a)

(b)

(©
30. (a)
(b)
(©
31 (a)

(b)

From the graph, y, =y, at the coordinates (—1,5) and (6,5); therefore, the solution set is {-1,6}.
From the graph, y, <y, for the interval (-1,6).

From the graph, y, >y, for the intervals (—eo,—1) U (6,°0).

From the graph, y, = y, at the coordinates (0,—2) and (8,-2); therefore, the solution set is {0,8}.
From the graph, y, <y, for the intervals (—eo,0)U(8,2°).

From the graph, y, >y, for the interval (0,8).

From the graph, y, = y, at the coordinate (4,1); therefore, the solution set is {4}

From the graph, y, <y, never occurs; therefore, the solution setis & .
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From the graph, y, >y, for all values for x except 4; therefore, the solution set is the intervals
(o0, 4) U (4,0).

From the graph, y, = y, never occurs; therefore, the solution setis & .

From the graph, y, <y, for all values for x; therefore, the solution set is (—oo,oo).

From the graph, y, >y, never occurs; therefore, the solution setis & .

The V-shaped graph is that of f(x)= |.5x + 6|, since this is typical of the graphs of absolute value functions

of the form f(x)=|ax+b|

The straight line graph is that of g(x) =3x—14 which is a linear function.

The graphs intersect at (8,10), so the solution set is {8].

From the graph, f(x)> g(x) for the interval (—eo,8).

From the graph, f(x)< g(x) for the interval (8,e).

If |.5x + 6| - (3x — 14) =0 then |.5x + 6| =3x—14. Therefore, the solution is the intersection of the graphs,

or {8}.

(@) |x+4/=9=x+4=9 or x+4=-9=>x=5 or x=-13. The solution set is {~13,5}, which is
supported by the graphs of y, = |x+4| and y, =9.

(b) |x+4/>9=x+4>9 or x+4<-9=>x>5 or x<—13. The solution is (—e2,—13) U (5,e),
which is supported by the graphs of y, = |x+4| and y, =9.

(© |r+4/<9=-9<x+4<9=-13<x<5. The solution is (~13,5), which is supported by the
graphs of | x+4| and y, =9.

(@ |r-3|=5=x-3=5o0r x—-3=-5=>x=8 or x=—2. The solution set is {-2,8}, which
supported by the graphs of y, = |x—3| and y, =5.

(b) |x-3>5=x-3>50r x~3<-5=x>8o0r x<-2. The solutionis (—ee,~2)U(8,e) which is
supported by the graphs of y, = |x—3| and y, =5.

(© |r-3]<5=-5<x-3<5=-2<x<8. The solutionis (-2,8), which is supported by the graphs
of y, =|x—3| and y, =5.

(@ [7-2x|=3=7-2x=3 or 7-2x=-3=-2x=-4 or 2x=-10=x=2 or
x =5.The solution set is {2,5}, which is supported by the graphs of y, = |7—2x| and y, =3.

(b) |7-2x[23=7-2x23 or 7-2x<-3= 2x2-4 or 2x<-10=x<2 or x25. The

solution set is (—so,2]U[5,e0), which is supported by the graphs of y, =|7—2x and y, =3.
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|7-2x|<3=-3<7-2x<3=-10<-2x<-4=5>x22 or 2<x<5. The solution is [2,5],
which is supported by the graphs of y, = |7 —2x| and y, =3.

|—9—3x|=62—9—3x=6 or 9-3x=-6=-3x=15 or -3x=3=x=-5or x=-1.

The solution set is {-5,—1}, which is supported by the graphs of y, = |—9—3x| and y, =6.
|-9-3x26=-9-3x>6 or 9-3x<—-6=-3x>15 or -3x<3=>x<-5 or x>-1I.

The solution is (—ee,~5]\U[~1,50), which is supported by the graphs of y, =|-9—-3x| and y, =6.
|-9-3x<6=-6<-9-3x<6=3<-3x<15=-12x>-5 or -5<x<-1. The solution is

[-5,-1], which is supported by the graphs of y, = |—9—3x| and y, =6.

|2x+1|+3=5=2x+1=2 or 2x+1=-2=2x=1or 2x:—3:x=%0rx:—%. The
. 31 -
solution set is 250 which is supported by the graphs of y, =|2x+1|+3 and y, =5.
3 1 [ 31 -
|2x+1|+335:>—2s2x+132:>—332x31:>—53x35. The solution is |~ =, which is

supported by the graphs of y, = |2x+ 1| +3 and y, =5.

1 .
[2x+1|+325=2x+122 or 2x+1<-2= 2x>1lor 2xs3=xz_or xS—%. The solution
is (—oo,—— }J[%,wj, which is supported by the graphs of y, :|2x+l|+3 and y, =5.
7 . . 7 —_
|4x+7|+4 =4=4x+7=0=>4x=-T=x= I The solution set is a0 which is supported

by the graphs of y, = |4x+7| +4 and y, =4.

7 7
[4x+7|+4>4=4x+7>0 or 4x+7<0=4x>-7 4x<—T=x>=7 or x<—_. The
L 7 7 _
solution is —oo,—Z v —Z,oo , which is supported by the graphs of y, :|4x+7|+4 and y, =4.

|4x+7|+4<4:>0<4x+7<03—7<4x<—7:>—%<x<—%:> the solution set is &, which

is supported by the graphs of y, = |4x+ 7| +4 and y, =4.
5 . . |5 _
|5 —7x| =0=>5-Tx=0=>T7x=5=>x= 7 The solution set is = which is supported by the

graphs of y, =|5—7x| and y, =0.
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(b) [5-7x20=5-7x200r 5-7x<0=7x25 or 7x<5= ng or xS%.The solution is
(—ee,%0), which is supported by the graphs of y, =|5—7x| and y, =0.
5 5 . . |5 -
(c) |5—7x|SO:0S5—7x£0:527x25:72x27. The solution set is 7 , which is supported

by the graphs of y, = |5—7x| and y, =0.

(a) Absolute value is always positive; therefore, the solution set is &J, which is supported by the graphs of
Y :|7z'x+8| and y, =—4.

(b) Absolute value is always positive, and so cannot be less than —4; therefore, the solution set is &,
which is supported by the graphs of y, = |7zx+8| and y, =—4.

(c) Absolute value is always positive, and so is always greater than —4; therefore, the solution set is
(—eo,00), which is supported by the graphs of y, =|zx+8§| and y, =—4.

(a) Absolute value is always positive; therefore, the solution set is &J, which is supported by the graphs of
v, =[N2x-3.6 and y, =-1.

(b) Absolute value is always positive, and so cannot be less than or equal to —1; therefore, the solution set
is &, which is supported by the graphs of y, = ‘5—3.6‘ and y, =-1.

(c) Absolute value is always positive, and so is always greater than —1; therefore, the solution is
(—ee,00), which is supported by the graphs of y, = ‘\/ﬂ —3.6‘ and y, =-1.

[2x+4|+2=10=|2x+4|=8=2x+4=8 or 2x+4=-8=2x=4 or 2x=-12=x=2 and

x =—6. Therefore, the solution set is {-6,2}.

3[4-3x]-4=8=34-3x=12=]4-3x|=4=4-3x=4 or 4-3x=—4= 3x=0 or
8 . 8
-3x=-8=x=0 or x=§. Therefore, the solution set is 0,5 .

S5|x+3-2=18 =5[x+3[=20= |x+3|=4= x+3=4 or x+3=-4= x=1 or x=—7. Therefore,
the solution set is {~7,1}.

1

——2x+l 233—2x+l:§ or —2x+l:—§:—2x:1 or
2 2 2 2 2 2 2

=§: —2x+l
4 2

2x=-2=x= —% or x =1. Therefore, the solution set is {—%,1}.

3(x=5)+2[+3=9=3

—

x=5)+2|=6=3(x~5)+2=6 or 3(x—5)+2=-6=3(x-5)=4 or

or x—5= —§ =x= ? or x= % Therefore, the solution set is {%,?}

3(x-5)="8=>x-5= 3

[SSEIF N
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53. 42|5-x/+1=31=42[5-x=2.1=|5-x=5=>5-x=50r 5-x=-5=-x=0 or

—x=-1=x=0 or x=1. Therefore, the solution set is {0,1}.
7 .. 7
54. |3x—1| <8=>-8<3x-1<8=-7<3x<9=> —§< x < 3. Therefore, the solution is —5,3 .
55. [15-4<7=-7<15-x<7=>22>x>8 or 8<x<22. Therefore, the solution is (8,22).

56. [7-4x]<11=-11<7-4x<11=-18<—-4x<4= -1< xS% Therefore, the solution is {—1,%}.

57. [2x=3[>1=2x-3>1 or 2x-3<-1=2x>4 or (%(—3):%:%. or x<1. Therefore,
< _
the solution is (—ee,1)\U(2,0).

58. |4-3x>1=4-3x>1 or 4-3x<-1=-3x>-30r -3x<-5=x<lor x>§. Therefore, the solution is

nfer)

59. |-3x+823=-3x+823 or -3x+8<-3=-3x>-5 or —3x£—11:x£§ or x>

3
.. 5 11
Therefore, the solution is [—oo,g} U {?, wj.

60. Absolute value is always positive, and so is always greater than —1; therefore, the solution is (—oo,oo).

61. ‘6—lx
3

>0=> 6—%x>0 or 6—%x<0:>—%x>—6 or —%x<—6:x<18 or x> 18. Therefore,

the solution is every real number except 18: (—eo,18)U(18,20).

62. Absolute value is always positive, and cannot be less than O; therefore, the solution set is &.
63. Absolute value is always positive, and so cannot be less than or equal to —6; therefore, the solution set is <.

64. Absolute value is always positive, and so cannot be less than —4; therefore, the solution set is <.

65. Absolute value is always positive, and so is always greater than —5; therefore, the solution is (—oo,oo).

66. To solve such an equation, we must solve the compound equation ax+b =cx+d or ax+b=cx+d . The

solution set consists of the union of the two individual solution sets.

67. (@) 3x+1=2x-T=>x+1=-T=>x=-8 3x+1=—(2x—7):3x+1=—2x+7:5x=6:x=g.

Therefore, the solution set is {—8,2}.

(b) Graph y, = |3x+1| and y, = |2x—7|. See Figure 67. From the graph,

f()|>[g(x)| when y, >y,

which is for the interval (—eo,—8)U [g,wj.
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(¢) Graph y, = |3x+1| and y, = |2x—7| See Figure 67. From the graph, f(x)| < |g(x)| when y, <y,
L . 6
which is for the interval —8,5 .
68. (a) x—4=T7x+12=>-6x—-4=12=-6x=16=x= —2 or x—4 =—(7x+12) =
x—4=-7x-12=8x—-4=-12 = 8x =—-8 = x = —1. Therefore, the solution set is {—2,—1}.
(b) Graph y, = |x—4| and y, = |7x+12|. See Figure 68. From the graph, f(x)| > |g(x)| when y, >y,
Lo . 8
which is for the interval —5,—1 .
(c) Graph y, = |x—4| and y, = |7x+12|. See Figure 68. From the graph, f(x)| < |g(x)| when y, <y,
which is for the interval [—oo,—%j U(=1,0).
[-20,20] by [-10,50] [-10,10] by [-4,16]
Xscl=2 Yscl=5 Xscl=1 Yscl=1
| |
Figure 67 Figure 68
69. (a) 2x+5=x4+3=>-3x=-2=> xz% or 2x+5=—x+3)=> 2Xx +5=—x-3=
. . ]2
—x = -8 = x =8. Therefore, the solution set is 5,8 .
(b) Graphy, = |—2x+5| andy, = |x+ 3| . See Figure 69. From the graph, f(x)| >|g(x)| when y, >y, ,
which it is for the interval [—oo,%j U(8,00).
(c) Graphy, = |—2x+ 5| andy, = |x+ 3| . See Figure 69. From the graph, f(x)|<|g(x)| wheny <y,,
which it is for the interval [%,8) .
70. (@) Sx+1=3x-4=-8x=-5=x =§ or 5x+1=-Bx-4)= S5x+1=-3x+4= 2x=3= x=—% .
. . 35
Therefore, the solution set is —E,g .
(b) Graph y, =|-5x+1| and y, =|3x—4|. See Figure 70. From the graph, | f(x)| >|g(x)|

when y, <y, , which it is for the interval [—oo,—%) ) [%,wj.
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(¢) Graphy, = |—5x+1| and y, = |3x—4| . See Figure 70. From the graph, f(x)|<|g(x)| when
C . 35
¥, <Y,, which it is for the interval %)

[-10,10] by [-4,16] [-3,3] by [-4,16] [-6,6] by [-2,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=2 Xscl=1 Yscl=1

el
] l

Figure 69 Figure 70 Figure 71

71. (a) x—l=lx—2:>lx=—§3x=—3 or x—l=— lx—2 3x—1=—lx+23
2 2 2 2 2 2 2 2

Ex = 2 =x= 2 . Therefore, the solution set is —3,2 .
2 2 3 3

(b) Graphy, =

andy, = f(x)|> |g(x)| when y, >y, , which it is for the

%x - 2‘ . From the graph,

1
=
2

. 5
interval (—eo, —3) U g,oo .
(c) Graphy, =

1
X——
2

andy, =

%x—2‘ .See Figure 71. From the graph |f(x)|<|g(x)| when y, <y, ,
S . 5
which it is for the interval —3,5 .

72. (a) x+3=%x+8:>§x=53x=% or x+3=—(%x+8)3x+3=—%x—83

ix =-1ll=>x= —2 . Therefore, the solution set is —E,E .
3 4 4 2
(b) Graphy, = |x+3| and y, = %x+8 . See Figure 72. From the graph, f(x)| > |g(x)| wheny <y,,
which it is for the interval (—w,—ﬁ) u[g,ooj.
4 2
(c) Graphy, = |x+3| and y, = %x+8 . See Figure 72. From the graph, f(x)| < |g(x)| wheny, <y,,
which it is for the interval (—3743,%)

73. (a) 4x+1:4x+6:>1:6:®or4x+1:—(4x+6):>4x=1=—4x—6:8x=—7:—%.

Therefore, the solution set is {—%} .
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(b). Graphy, = |4x+1| ory,= |4x+6|. See Figure 73. From the graph |f(x)| > |g(x)| when y, >y,,

which it is for the interval (—w,%) .

(c) Graph y, :|4x+l| ory, :|4x+6|. See Figure 73. From the graph, f(x)| <|g(x)| when y >y,,

which is for the interval [—%,wj .

[-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1
Figure 72 Figure 73 Figure 74

74. (@) 6x+9=6x-3=9=-3=0 or 6x+9=—(6x+9) = 6x+9=-6x+3= 12x=-6=

—-6=>x= —E = —l. Therefore, the solution set is —l .
12 2 2

(b) Graph y, = |6x+9| and y, = |6x—3| . See Figure 74. From the graph,

f)|>|g(x)| when y, <y,,

which it is for the interval (—%,w}.

(¢) Graph y, = |6x+9| andy, = |6x—3| . See Figure 74. From the graph, f(x)|< |g(x)| when y, <y,,

which it is for the interval (—oo,—%j.

75. (@) 025x+1=0.75x-3=-0.50x=—4=x=8 or 0.25x+1=—(0.75x-3) = 0.25x+1=-0.75x+3 =
x = 2. Therefore, the solution set is {2,8].

(b) Graphy, = |.25x+1| andy, = |.75x—3|. See Figure 75. From the graph, f(x)| >|g(x)| when y, <y,,

which it is for the interval (2,8).

(¢) Graph y, = |.25x+ 1| and y, = |.75x—3|. See Figure 75. From the graph, f(x)|< |g(x)|
when y, < y,, which it is for the interval (—eo,2)U(8,00).
76. (a) 40x+2=.60x-5=-20x=-7=x=35 or 40x+2=—(.60x-5)=
A0x+2=-60x+5= x=3. Therefore, the solution set is {3,35].
(b) Graphy, =|40x+2| andy, =|.60x~5| . See Figure 76. From the graph, |f (x)| >|g(x)|

when y, >y, , which it is for the interval (3,35).
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(¢c) Graphy, = |.40x+ 2| andy, = |.60x—5| . See Figure 76. From the graph, |f(x)| < |g(x)|

when y, <y, , which it is for the interval (—ee,3)U(35,c0).

[-20,20] by [-4,16] [-30,50] by [-5,30] [-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl =2 Yscl=1 Xscl=5 Yscl=5 Xscl=1 Yscl=1 Xscl=1 Yscl=1

\/ W

o ) I E

Figure 75 Figure 76 Figure 77 Figure 78

77. (@) 3x+10=—-(-3x—-10)= 3x+10=3x+10= there are an infinite number of solutions.
Therefore, the solution set is (—eo, o).
(b) Graphy, = |3x+ 10| andy, = |—3x—10| . See Figure 77. From the graph, |f(x)| > |g(x)|
when y, >y, , for which there is no solution.
(c) Graphy, = |3x+ 10| andy, = |—3x— 10| . See Figure 77. From the graph, |f(x)| < |g(x)|
when y, <y, , for which there is no solution.

78. (a) 5x—6=—-(-5x+6)= 5x—6=5x—6= there are an infinite number of solutions.
Therefore, the solution set is (—eo, o).
(b) Graphy, =|5x—6| andy, =|-5x+6|. See Figure 78. From the graph, | f(x)| > |g(x)|
when y, >y, , for which there is no solution.
(c) Graphy, = |5x—6| andy, = |—5x+ 6| . See Figure 78. From the graph, |f(x)| < |g(x)|
when y, <y, , for which there is no solution.
79. Graph y, = |x+1|+|x—6| and y, =11. See Figure 79. From the graph, the lines intersect at (=3,11)
and (2,9). Therefore, the solution set is {-3,8}.
80. Graph y, = |2x+ 2| + |x + 1| and y, =9. See Figure 80. From the graph, the lines intersect at (—4,9) and
(2,9). Therefore, the solution set is {-4,2}.
81. Graph y, = |x| +|x—4| and y, =8. See Figure 81. From the graph, the lines intersect at (-2,8) and (6,8).
Therefore, the solution set is {-2,6}.
82. Graphy, = | Sx+ 2| + |.25x+ 4| and y, =9. See Figure 82. From the graph, the lines intersect at (-20,9)

and (4,9). Therefore, the solution set is {-20,4}.
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[-10,10] by [-4,16] [-10,10] by [-4,16] [-10,10] by [-4,16] [-30,10] by [-4,16]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=5 Yscl=1

s

A Nt/
Nwe Vi \\// AN

o

83.

84.

85.

86.

87.

88.

89.

90.

91.

Figure 79 Figure 80 Figure 81 Figure 82

(@) |T-50/<22=-22<T-50<22=28<T<72.

(b) The average monthly temperatures in Boston vary between a low of 28°F and a high of 72°F. The

monthly averages are always within 22" of 50°F.

(@ [T-10/<36=-36<T-10<36=-26<T <46..

(b) The average monthly temperatures in Chesterfield vary between a low of —26° F and a high of 46°F.

The monthly averages are always within 36° of 10°F.

(@ |T-61.5<125=-125<T-61.5<12.5=49<T <74..

(b) The average monthly temperatures in Buenos Aires vary between a low of 49°F (possibly in July) and

a high of 74°F (possibly in January). The monthly averages are always within 12.5° of 61.5° F.

(a) |T-43.5<85=-85<T-435<85=35<T <52

(b) The average monthly temperatures in Punta Arenas vary between a low of 35°F and a high of 52°F.

The monthly averages are always within 8.5° of 43.5°F.

|x-8.0/<1.5=-1.5<x-8.0<1.5=6.5<x<9.5; therefore, the range is the interval [6.5,9.5].
If %2780 =730 is the midpoint, then 680 < F <780 = 680—730 < F —730 <780-730 =
-50< F-730<50=|F —730/<50 (or |730—-F| <50).

(@ P, =[116-125|= P, =|-9=9.

(b) 17=|P-130|]= P-130=170rP-130=-17= P =147orP=113.

98 +148

If =123 is the midpoint, then 98 < x <148 =98-123<x-123<x-123<148-123 =

= 211is the midpoint, then

-25<x-123<25=|x—123|<25 (or [123-x|<25); and if 16;26

16<x<26=16-21<x-21<26-21= -5<x-21<5= |[x—21|<5(or [21-|<5).
If the difference between y and 1 is less than .1, then |y—1| <.I= |2x+1—1| <.I=

|2x] <. 1= —.1<2x<.1=-.05< x <.05. The open interval of x is (-.05,.05).
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92. If the difference between y and 2 is less than .01, then |y—2|<.01= [3x-6-2|<.01= [3x-8/<.01=
-01<3x-8<.01=7.99<3x<8.01= 2.663 < x<2.67. The open interval of x is (2.665, 2.67) .

93. If the difference between y and 3 is less than .001, then |y —3|<.001 = [4x-8-3| <.001=
|4x—11| <.001 = -.001<4x-11<.001=10.999 < 4x <11.001 = 2.74975 < x < 2.75025. The open
interval of x is (2.74975,2.75025) .

94. If the difference between y and 4 is less than .0001, then |y - 4| <.0001 = |5x+12-4{<.0001 =
|5x + 8| <.0001= —-.0001 < 5x+8 <.0001 = -8.0001 <5x <-7.9999 = -1.60002 < x <-1.59998.
The open interval of x is (—1.60002,—1.59998) .

95. 1If [2x+7|=6x—1 then |2x+7|-(6x—1)=0.Graph y, =|2x+7|-(6x—1), See Figure 95. The
x -intercept is 2; therefore, the solution set is {2}.

96. If —[3x—12|>-x—1 then —[3x~12|—(-x—1)20. Graph y, =—[3x—12|-(-x~1), See Figure 96. The
equation is >0, or the graph intersects or is above the x-axis, for the interval:[2.75,6.5].

97. 1If [x—4|>.5x—6 then |x—4|-(.5x—6)>0. Graph y, =|x—4|-(.5x—6), See Figure 97. The equation
is >0, or the graph is above the x-axis, for the interval: (—oo,c0).

98. If 2x+8>—[3x+4| then 2x+8—(—[3x+4])>0. Graph y, =2x+8—(—[3x+4]), See Figure 98. The

equation is > 0, or the graph is above the x-axis, for the interval: (—oo,c0).

[-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-10,10] [-10,10] by [-4,16]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

A

A
\ / E

Figure 95 Figure 96 Figure 97 Figure 98

99. If [3x+4|<—-3x—14 then [3x+4|—-(-3x-14)<0. Graph y, =[3x+4|-(-3x—14), See Figure 99. The

equation is < 0, or the graph is below the x-axis, never or for the solution set: &.
100. If ‘x—Jﬁ‘+ 6<-x—+/10 then ‘x—Jﬁ‘+J€—(—x—Jﬁ) <0. Graph

y = ‘x - \/E‘ +/6 - (—x - \/E) See Figure 100. The equation is <0, or the graph intersects or is below

the x-axis, never or for the solution set: .
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[-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1
|
Figure 99 Figure 100

2.5: Piecewise-Defined Functions

1. (a) From the graph, the speed limit is 40 mph.
(b) From the graph, the speed limit is 30 mph for 6 miles.
(c) From the graph, f(5) =40mph; f(13) =30mph;and f(19) =55mph.
(d) From the graph, the graph is discontinuous at x =4,6,8,12,and16. The speed limit changes at each
discontinuity.

2. (a) From the graph, the Initial amount was: $1,000; and the final amount was: $600.
(b) From the graph, f(10) = $900; f(50) = $600. The function f is not continuous.

(c) From the graph, the discontinuity shows 3 drops or withdrawals.
(d) From the graph, the largest drop or largest withdrawal of $300 occurred after 15 minutes.
(e) From the graph, the one increase or deposit was $200.

3. (a) From the graph, the Initial amount was: 50,000 gal.; and the final amount was: 30,000 gal.
(b) From the graph, during the first and fourth days.
(c) From the graph, f(2) = 45,000gal; f(4) =40,000gal .

50,000—-40,000 10,000
2

(d) From the graph, between days 1 and 3 the water dropped: =5,000 gal./day.

4. (a) From the graph, when x = 1 the tank had 20 gallons of gas.
(b) Since x = 0 represents 3:15 pm and 3 hours later the tank was filled to 20 gallons, the time was 6:15 pm
(c) When the graph is horizontal, the engine is not running; when the graph is decreasing, the engine is
burning gasoline; and when the graph is increasing, gasoline is being put into the tank.

(d) When the graph is decreasing, gasoline was burned the fastest between 1 and 2.9 hours
5. @ f(=5)=2(-5)=-10 (b) fED=2(=-)=-2

(© f(O)=0-1=-1 (d) fB)=3-1=2
6. () f(=5=-5-2=-7 (b) f)=-1-2=-3

(© f(0)=0-2=-2 (d) f3)=5-3=2
7. @ f(=5)=2+(-5)=-3 (b) fE=hH=~(-DH=1
© fO==0)=0 (d) f(3)=33)=9
8. (@ f(5=-2(-5)=10 (b) fEED=3)-1=-4
© fO)=30-1=-1 (d) f(3)=-43)=-12
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9. Yes, continuous. See Figure 9.
10. Yes, continuous. See Figure 10.

11. Not continuous. See Figure 11

Figure 9 Figure 10

12. Not continuous. See Figure 12.
13. Not continuous. See Figure 13.

14. Not continuous. See Figure 14.

~<

|
I
2
Figure 11

y /
5 T
Thio
NI
A
/72:_ 4
Figure 12 Figure 13

15. Not continuous. See Figure 15.
16. Not continuous. See Figure 16.

17. Yes, continuous. See Figure 17.

B0
Figure 14

?IIIII
Ne

I =)

Figure 15 Figure 16

18. Not continuous. See Figure 18.
19. Yes, continuous. See Figure 19.

20. Yes, continuous. See Figure 20.
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4 —7\
——H A\~
2/ 1N\
6l —— > x
1 L -3

Figure 18 Figure 19
21. Look for a y = x”graph if x >0;and a linear graph if x <0 . Therefore: B.
22. Lookfora y= |x| graph if x >—1;and a reflected y = x” graph if x <—1. Therefore: A.
23. Look for a horizontal graph above the x-axis if x = 0;and a horizontal graph below the x-axis if

x <0 .Therefore: D.
24. Look fora y= Jx graph if x>0;and a reflected y = x” graph if x <0 .Therefore: C.
25. Graph y, = (x—1)(x <3)+(2)(x > 3), See Figure 25.
26. Graph y, = (6—x)(x <3)+ (3x—6)(x > 3), See Figure 26.
27. Graph y, = (4-x)(x <2)+(1+2x)(x = 2), See Figure 27.
28. Graph y, = (2x+1D(x =2 0)+ (x)(x <0), See Figure 28.
[-4.6] by [-2,4] [-2,8] by [-2,10] [-4.6] by [-2,8] [-5.4] by [-3,8]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1
t
Figure 25 Figure 26 Figure 27 Figure 28

29. Graphy, =(2+x)(x <—4)+(=x)(-4 < x and x <5)+(3x)(x >5), See Figure 29.
30. Graphy, = (-2x)(x <-3)+(Bx—-1)(-3 < xand x < 2)+(-4x)(x > 2), See Figure 30.
31. Graphy, = (—%H 2} (x<2)+ (%xj (x>2), See Figure 31.
32. Graph y, = (x’ +5)(x £ 0)+(—x")(x > 0), See Figure 32.
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[-12,12] by [-6,20] [-6,6] by [-10,8] [-5,6] by [-2,4] [-3,4] by [-3.6]
Xscl=2 Yscl=2 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

Figure 29 Figure 30 Figure 31 Figure 32

if x<0

2
33. From the graph, the function is f(x) = { frol
>

;domain : (—eo,0]U(1,00);range:{-1,2}.

1 ifx<-

34. From the graph, the function is f(x) = {

domain i (—e0,~1]U(2,0); range:{~1,1}.

if x<0

35. From the graph, the function is f(x) = domaln (—oo,00);range:(—e0,0]U{2}.

36. From the graph, the function is f(x) = ;domain : (—eo,eo];range:{-3}U[0,°).

if x>0

x ifx<l

37. From the graph, the function is f(x) = ;domain : (—eo,e0);range : (—o0,1) U[2,00).

o
i
{ ifx<0
L

x+1 ifx>1

3 ifx=2

i3 e 2;domaln : (—e0,00);range : (—eo, 1) U(1,00).

38. From the graph, the function is f(x) = {

39. There is an overlap of intervals since the number 4 satisfies both conditions. To be a function, every x-value
is used only once.
40. The value f(4)cannot be found since using the first formula, f(4) =11, and using the second
formula, f(4) =16. To have two different values violates the definition of function.
41. The graphof y = ﬂ is shifted 1.5 units downward.
42. The graph of y = |x| is reflected across the y-axis.
43. The graph of y =

x| is shifted 2 units to the left.

[«
[+]
[x] is reflected across the x-axis.
44. The graph of y=[x]
45. Graph y =[x[—1.5, See Figure 45.
46. Graph y =[—x], See Figure 46.
47. Graph y=—[x], See Figure 47.

48. Graph y = |[x + 2ﬂ, See Figure 48.
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[-5,5] by [-3,3] [-5,5] by [-3,3] [-5,5] by [-3,3] [-5,5] by [-3.3]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1

B e

Figure 45 Figure 46 Figure 47 Figure 48

49. When 0< x <3 the slope is 5, which means the inlet pipe is open and the outlet pipe is closed; when
3 < x <5 the slope is 2, which means both pipes are open; when 5 < x <8 the slope is 0, which means both
pipes are closed; when 8 < x <10 the slope is —3, which means the inlet pipe is closed and the outlet pipe
is open.

50. (a) Since for each year given the shoe size is 1 size smaller than his age, the formulais y=x—1
(b) From the table and question, graph the function. See figure 50.

51. (@) f(1.5)=1.12,f(3)=1.32, It costs $1.12 to mail 1.5 oz and $1.32 to mail 3 oz.
(b) Domain: (0,5];Range: {0.92,1.12,1.32,1.52,1.72} . See figure 51.

52. (a) f(1967)=0.0475(1967)—-93.3=0.1325, In 1967, the average Super Bowl ad cost $0.1325 million.
(b) f(1998) =0.475(1998) —93.3 =1.605 , In 1998, the average Super Bowl ad cost $1.605 million.
(¢) f(2013)=0.1333(2013)—264.7284 = 3.6045 , In 2013, the average Super Bowl ad cost $3.6045

million.

(d) The function f(x) is continuous on its domain since there are no breaks in the graph of f(x).

(e) See Figure 52.

y f(x)
ut = 2 oad
o 231 (23,22) (26,22) S 2
N 22 3 T 3+
21+ © =
8 20—+ £ = o2+
< 194+ :/ 8
18+ (20,19) 8 VN
174 V] et
> R o SR R
020 22 24 26 12 3 45 1965 2015
Age Weight (in ounces) Year
Figure 50 Figure 51 Figure 52

53. (a) From the table, graph the piecewise function. See Figure 53.
(b) The likelihood of being a victim peaks from age 16 up to age 20, then decreases.
54. (a) From the table, graph the piecewise function. See Figure 54.
(b) Housing starts increased, decreased, and increased, with the maximum occurring during the 1960’s.

55. (a) From the graph, the highest speed is 55 mph and the lowest speed is 30 mph.
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(b) There are approximately 12 miles of highway with a speed of 55 mph.
(c) Fromt the graph, f(4)=40; f(12)=30;f(18)=55.

56. From the table, graph the piecewise function. See Figure 56.
y y
T w
5 35 © . & 8T
S 30 g 17 g 7T .
— © o o 16 Lo 0 ) (o
5 5T o = ]2 £ 6T o
[ el 4 | o——)
£ 204 e € 13 g 5 3
o £ 12 — & 41 —
s 154 =1 *—o = — ®
oc &0 %) 10 IS 3+
L 10—+ C—= a 9 —° =1
1S > £ 2+
= 5L o 8 =
o T 7 € 1+
> x F =Xz R e e e x
0 102030 40 50 6070 80 90 1950 1970 1990 2010 1980 1985 1990 1995 2000 2005 2010
Age Year Year
Figure 53 Figure 54 Figure 56

57. (a) A 3.5 minute call would round up to 4 minutes. A 4 minute call would cost: .50+ 3(.25) = $1.25.

(b) We use a piecewise defined function where the cost increases after each whole number as follows:

S0 if 0<x<1
g5 if 1<x<2
f(x)=41.00 if 2<x<3. Another possibility is f(x) =
1.25 if 3<x<4
1.50 if 4<x<5

50 if 0<x<1
50-25[1—x] if I<x<5

58. (a) Since cost is rounded down to the nearest 2 foot interval, we can use the greatest integer function. The
function is f(x) = .80|H| from 6 < x <18.

(b) Graph f(x)= .80[[ ]] from 6 < x <18. See Figure 58.

N | =

(© f(8.5)_.8o|[%ﬂ_.80[[4.25]]_.80(4);» f(8.5=$3.20

f(15.2)= .80"%}] = .80[7.6] = .80(7) = f(15.2) = $5.60

[6,18] by [0,8]
Xscl=1 Yscl=1

\

Figure 58
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59. For x in the interval (0,2], y =25.For x in the interval (2,3],y =25+3=28. For x in the interval

(3, 4], y =28+3=31and so on. The graph is a step function. In this case, the first step has a different

width. See Figure 59.

60. Sketch a piecewise function that measures miles over minutes. The first piece increases at a rate of 40 mph
or ﬂ zg miles per minute, for 30 minutes (the time it takes to travel 20 miles at that rate). The second
piece stays at a constant distance of 20 miles for the 2 hour period at the park. The third piece decreases
(returns home) at a rate of 20 mph or % :% miles per minute, for 60 minutes (the time it takes to travel 20

miles at that rate). See Figure 60.
61. Sketch a piecewise function that fills a tank at a rate of 5 gallons a minute for the first 20 minutes (the time it
takes to fill the 100 gallon tank) and then drains the tank at a rate of 2 gallons per minute for 50 minutes (the

time it takes to drain the 100 gallon tank). See Figure 61.

y y
241
0 - (5,200 (25,20 —
Q w2
[o 0 ] b= =]
2 35 — g S
= = =
2 30 o= 3 o0
Q O=—9 8 S
25 § ?‘j/
20 A =
> . =
1 23456 0 .51.01.52.02.53.03.5 0 20 40 60 80 100
Pounds Time (in hours) Time (in minutes)
Figure 59 Figure 60 Figure 61

2.7-13 E:O.OSZ

2007-1990 17
V= y, =m(x—x)= y—1.3=0.082(x—1990) = y = 0.082x+161.88 Use the points (2007, 2.7) and

62. (a) Use the points (1990, 1.3) and (2007, 2.7) to find the slope. m =

1.75-27 095
2012-2007 5

y—1.75=-0.19(x-2012) = y =-0.19x+384.03 .

(2012, 1.75) to find the slope. m =

=-019 y-y =mkx-x)=

0.082x+161.88 1990 < x <2007

(b) Use the two functions above to create f(x) =
-0.19x+384.03 2007 <x <2012

2.6: Operations and Composition

. X+Q2x=-5=x"+2x-5=E.

2. X*-Q2x-5=x"-2x+5=B8B.

3. x*2x-5)=2x"-5x* = F.
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5)° =4x"-20x+25= A.

Q2(x*)-5) =24 -5=C.

fog)B)=f(gB)=fQ2B)-1)=f(5)=5"+3(5)=40

g0 f)(=2)=g(f(-2)) = g((-2)* +3(-2)) = g(-2) = 2(-2) -1 =~
fog)(x)=f(g(x)=fQRx—1)=2x—1)> +32x—1) = 4x> —4x+1+6x-3=4x" +2x—2

)
)
)
)

(
(
(
(gof (x)=g(f(x)=g(x> +3x)=2(x> +3x)—1=2x" +6x -1
(f+8)(3)=F)+53)=(3) +33)+(23)-D=23

(

f+8)(=5)=f(=5)+8(=5)=((-5) +3(=5)) + (=5 -1 =-1
-g)(4)=f(4)-g(4)=((4)2+3(4))-(2(4)—1)=196

8)(=3) = F(-3)-8(-3)=((-3)" +3(-3))-(23)-1) =0

- LED_ (73D 2
S g-1)  2-D-1 3

@=I®_ (4) +34) 28
g4 241 T

-2)(2)= r@-2@=((2) +3@)-(2-1)=7

~8)(2) = F(-2)-g(-2)=((-2)" +3(-D)) - (2(-2)-1) =3

£)(-2)= g2~ f(-2) = (22 -1)=((-2)" +3(-2)) = -

NECIEECE
e

j( ):f(O _2(0)-1 -1

> = — => undefined.

g(0) (0)"+3(0) O

ause the two compositions are opposites of each other.
(f+9))=@x-D+6x+3)=10x+2, (f-g)(x)=@Ax-1)—(6x+3)=-2x-4

(f2)(x) = (4x—1)(6x+3) = 24x> +12x —6x—3 = 24x> + 6x—3

All values can replace x in all three equations; therefore, the domain is (—o,0) in all cases.

f (x )— -1 ; all values can replace x, except —l therefore, the domain is | —oo, L U —l,oo .
6x+3’ 2’ 2 2

(fog)x)=f[g(x)]=4(6x+3)—1=24x+12—1=24x+11; all values can be input for x; therefore,

the domain is (—eo,0)
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25.

26.

27.

(e)

(b)

(c)

(d)

(e)

(b)

()

(d)
(e)

(b)

(©)

(d
(e)
(a)

(b)

()

(d)
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(g° f)(x)=g[f(x)]=6(4x—1)+3=24x—-6+3=24x-3; all values can replace x; therefore, the
domain is (—oo,00)

(f+e)x)=0-2x)+(-5x+2)=-Tx+11, (f—-g)x)=9—-2x)—(-5x+2)=3x+7

(f2)(x) =(9—2x)(-5x+2) = —45x+18+10x*> —4x =10x" —49x +18

All values can replace x in all three equations; therefore, the domain is (—eo,o) in all cases.

i (x) = 9-2x ; all values can replace x, except g; therefore, the domain is (—oo,gj U (g,oo)
g —S5x+2 5 5 5

(fog)x)=f[g(x)]=9-2(-5x+2) =9+10x—4 =10x+5; all values can replace x; therefore, the
domain is (—oo, o)

(go f)x)=g[f(x)]=-59-2x)+2=-45+10x+2 =10x—43; all values can replace x; therefore,
the domain is (—eo,o0)

(f +8)(X) =|x+3|+2x, (f —g)x) =|x+3[-2x, (f2)(x)=|x+3|(2x)

All values can replace x in all three equations; therefore, the domain is (—oo,o) in all cases.

+3
(i) (x)= |x2_|; all values can replace x, except 0; therefore, the domain is (—ee,0) U (0,0)

g X
(feog)x)=flgx)]= |(2x) + 3| = |2x + 3|; all values can replace x; therefore, the domain is (—oo, o).
(goHx)=g[f)]= 2(|x + 3|) = 2|x+ 3|; all values can replace x; therefore, the domain is (—oe, o)
(f+8)(x0) =[2x—4|+ (x+ D) =[2x =4+ x+1, (f —g)(x) =[2x—4| - (x+1) =[2x - 4| -x -1
(fe)(x) =[2x—4|(x+1) = (x + D[2x—4|

All values can replace x in all three equations; therefore, the domain is (—eo,o) in all cases.

(g) (x)= % all values can replace x, except —1; therefore, the domain is (—eo,—1) U (—1,00).
(feg)x)=flg)]= |2(x+ - 4| = |2x - 2|; all values can replace x, so the domain is (—oo, ).
(g f)(x) = g[ f(x)] =|2x—4|+1; all values can replace x, so the domain is (—ss,co).

(f+e)) =Ax+rd+(+5) =nx+d+2+5, (f-g)0)=Vx+d—(F+5) =Yx+4-x -5
() = (Yr+4) (" +5)

All values can replace x in all three equations; therefore, the domain is (—eo,0) in all cases.

3/
(f](x) = 0 f+:) all values can replace x, except 3/3 , S0 the domain is (—oo, %/g) U (i/g,oo).
X+

8

(fog)x)=f[gx)]= i/(x3 +5)+4=3/x*+9; all values can replace x, so the domain is (—oo,0).
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. (a)

(b)
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(e)

(b)
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(d)

(e)

(b)
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(goflx)=g [f(x)] = (i/m)2 +5=x+4+5=x+9; all values can replace x, so the domain is
(=o0,00).

(f + )0 =Y6-3x+(2x +1) =/6-3x+2x" +1

(f -9) ) =6-3x-2x" +1) =6-3x-2x"-1

(o)) =(Y6-3x )2x*+1)

All values can replace x in all three equations; therefore, the domain is (—oo,o) in all cases.

1o

- Z ; all values can replace x, except 3 —l , S0 the domain
g 2x +1 V 2

(fog)(x) = f[g(x)] = /6 -3(2x> +1)=/=6x* +3; all values can replace x, so the domain is
(—o0,00).

(go D) =g[f)]= 2(%/@ )3 +1=2(6-3x)+1=—6x+13; all values can replace x; therefore,
the domain is (—co, o).

(F+@ = +3+x+D) = +3+x+1, (F-g)®) =" +3-(x+)=x’ +3-x-1
()0 = (Vo +3) x+1)

All values can replace x in all three equations; therefore, the domain is (—eo,o) in all cases.

2
{i) (x) = (x -:)3 ; all values can replace x, except —1; therefore, the domain is (—ee,—1)U(~1,0).
g X+

(fog)x)=f[gx)] =\/(x+1)2 +3 =+x? +2x+1+3 =vx* +2x+4; all values can replace x;

therefore, the domain is (—oo, ).

(go ) =g[f(®)]= (\/x2 +3 ) +l=Vx*+3+ I; all values can replace x; therefore, the domain is,
(—o0,00).

(F+ )0 =V2448 +(0) =244 +x, (f- )0 =V214x —() =244 —x

(o) = (V2+ 45" |0 = /247

All values can replace x in all three equations; therefore, the domain is (—e,°) in all cases.

(f)(x):\/2+4x2

Ea ; all values can replace x, except 0; therefore, the domain is (—ee,0)U(0,0).
8

X
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d (feg)x)=f [g(x)] = \/2+ 4(x)* = \/2 +4x7; all values can replace x; therefore, the domain is
(—e0,00).
e (geflx)=g [f(x)] = (\/2 +45° ) = \/2 +4x7; all values can replace x; therefore, the domain
is (—oo, oo)
(a) From the graph, 4 +(-2) =2.
(b) From the graph, 1-(-3) =4.
(c) From the graph, (0)(-4)=0.
1 1

(d) From the graph, — =——.

-3 3
(a) From the graph, 0+2=2.
(b) From the graph, —2-1=-3.
(c) From the graph, (2)(1) =2.

4

(d) From the graph, = =-2.
(a) From the graph, 0+3 =3.
(b) From the graph, —1-4=-5.
(c) From the graph, (2)(1) =2.

3 .
(d) From the graph, 0 = undefined.
(a) From the graph, —3+1=-2.
(b) From the graph, —2—-0=-2.
(c) From the graph, (-3)(—1)=3.

-3
(d) From the graph, T =-3.
(a) From the table, 7+ (-2)=>5.
(b) From the table, 10—-5=5.
(c) From the table, (0)(6) =0.
(d) From the table, % =undefined.
(a) From the table,5+4 =9.
(b) From the table, 0—-0=0.
(c) From the table, (—4)(2) =-S8.

8
(d) From the table, —1 =-8.
See Table 37.
See Table 38.
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=

(f+9W | (f2-90) | (fo)x) (i)(X)

-2 | (fo)) (g)m !

6

-6 0 0 -2 -6 -8 -2

5

5 0 |undefined 7 9 -8 -8

5

9 -14 -3.5 9 1 20 1.25

alo|o|d

39.
40.
41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

15

alo|o|d

5 50 2 0 0 0 [undefined

Figure 37 Figure 38

M (2004) = 260 and F(2004) = 400 = T(2004) = M (2004) + F(2004) = 260 + 400 = 660
M (2008) = 290 and F(2008) = 470 = T(2008) = M (2008) + F (2008) = 290 + 470 = 760

The slopes of the line segments for the period 2000-2004 are much steeper than the slopes of the

corresponding line segments for the period 2004-2008. Thus, the number of associate’s degrees increased

more rapidly during the period 2000-2004.

If 2000 < k <2008, T'(k) = r, and F(k) = s, then M (k)=r—s .

(T -S ) (2000) =T(2000)—- S(2000) =19—-13 =6, This represents the billions of dollars spent for general

science in 2000.

(T -G)(2010) =T(2010)— G(2010) =29 —11=18, This represents the billions of dollars spent for space

and other technologies in 2010.

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

(b)
(c)

(a)
(b)

()

(a)

(b)

In space and other technologies spending was almost static in the years 1995-2000.

In space and other technologies spending increased the most during the years 2005-2010.

(f o g)(4) = f[g(4)],so from the graph find g(4) = 0. Now find f(0) = —4; therefore, (f o g)(4) = —4.
(g°f)3)=g[f(3)],s0 from the graph find f(3) =2. Now find g(2)=2; therefore, (go f)(3) =2.
(f o £)(2) = f[f(2)], so from the graph find f(2) =0. Now find f(0) = —4; therefore, (f o f)(2) = —4.
(f°£)(2) = f[£(2)], so from the graph find g(2) =-2. Now find f(~2) = —4; therefore,

(f 28)(2)=—4.

(g°8)(0) = g[g(0)], so from the graph find g(0) =2. Now find g(2) =-2; therefore, (g o g)(0) =-2.
(gof)4) = g[f@)], so from the graph find f(4) =2. Now find g(2)=-2; therefore,

(g0 f)H)=-2.

(f o)1)= f[g(1)], so from the graph find g(1) =2. Now find f(2) =-3; therefore, (f og)(1)=-3.
(g0 f)(=2) = g[£(=2)], so from the graph find f(~2) =-3. Now find g(~3)=-2; therefore,

(g0 f)(=2)=-2.

(g°8)(-2) = g[g(=2)], so from the graph find g(-2)=-1. Now find g(-1)=0; therefore,
(g°8)(-1)=0.

(f °£)(=2) = f[g(~2)], so from the graph find g(-2) =4. Now find f(4) = 2; therefore,
(feg)=2)=2.

(gof)1)=g[fM], sofrom the graph find f(1) =1. Now find g(1) =1; therefore, (go £)(1) =1.
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© (fofHO=f [f(O)], so from the graph find f(0) =0. Now find f(0) =0; therefore, (f o f)(0)=0.
@ (gefhlh=g [f(l)], so from the table find f (1) =4. Now find g(4) =35; therefore, (go f)(1)=5.
® (feo)d=f [g(4)], so from the table find g(4)=35. f(5) is undefined; therefore, (f o g)(4) is

undefined.

© (fo/H3)= f[f(3)], so from the table find f(3) =1. Now find f (1) = 4; therefore, (f o f)(3) =4.

@ (gefhlh=g [f(l)], so from the table find f (1) =2. Now find g(2) =4; therefore, (go f)(1)=4.

() (feog)4) = f[g(4)],so from the table we find g(4) is undefined; therefore, (f o g)(4) is undefined.

© (foHB=Ff [f(3)], so from the table find f(3) =6. Now find f(6)=7; therefore, (fo f)(3)=7.

From the table, g(3)=4 and f(4)=2.

From the table, f(6)=7and g(7)=0.

Since Y, =Y, oY, and X =-1, we solve Y,[¥,(-1)]. Firstsolve ¥, =(-1)* =1, now solve ¥, =2(1)-5=-3;

therefore, Y, = -3.

Since ¥, =Y, oY, and X =-2, we solve Y,[Y,(~2)]. Firstsolve ¥, =(-2)’ =4, now solve ¥, =2(4)-5=3;

therefore, Y, =3.

Since ¥, =Y, o¥,and X =7, we solve ¥,[Y,(7)]. First solve ¥, =(7)" =49, now solve ¥, = 2(49)~5=93;

therefore, ¥, =93.

Since ¥, =Y, o¥,and X =8, we solve ¥, =[Y,(8)]. Firstsolve ¥, =(8)’ =64, now solve

Y, =2(64)-5=123; therefore, Y, =123.

@ ((feg))=f [g(x)] = (x* +3x—1)’; all values can be input for x; therefore, the domain is (—oo,).

®) (gofHx)=g[f(x)]=(")+3(x")—1=x"+3x" —1; all values can be input for x; therefore, the
domain is (—eo,0).

© (fofx)=f [f(x)] =(x’)’ =x’; all values can be input for x; therefore, the domain is (—oo,0).

(@ (fog)x)=f[g)]= 2—(%) =2 —é; all values can be input for x, except 0; therefore, the domain

is (=o2,0)U(0,0).

®) (gof)x)=¢g [ f (x)] = ﬁ; all values can be input for x, except 2; therefore, the domain is
-X

(—oo, 2) U (2, °°)
© (fef)=f [ f (x)] =2-(2—x) = x; all values can be input for x; therefore, the domain is (—oo,0).

2
@ (fog))=f [g(x)] = (\/1 - x) =1—-x; all values can be input for x; therefore, the domain is (—oe, o).
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(gof)x)=g [f(x)] = (\/1— (x*) ) = \/1 —x7; only values where x> <1 can be input for x; therefore,

the domain is [-1,1].

(fofH)x)= [ flf (x)] = x*; all values can be input for x; therefore, the domain is (—oo, o).
(fog)®)=f[g)]=(*+x>=3x—4)+2=x"+ x> =3x—2; all values can be input for x; therefore,
the domain is (—eo,e0).

(goflx)=g [f(x)] =(x+2)" +(x+2)> =3(x+2)—4; all values can be input for x; therefore, the

domain is (—eo,0).

(fof)x)=f [f(x)] =(x+2)+2 = x+4; all values can be input for x; therefore, the domain is (—oo,c0).

(feg)x) = flg(x)]=

= ; all values can be input for x, except —l; therefore, the domain
Gx)+1 Sx+1 5

(g fHx)=¢glf0)]= [ ! J = il; all values can be input for x, except, —1; therefore, the domain
+ x+

is (—o0.—1) U (~1,00).

1 1 1 x+1 .
(fefH)X)=fIf(0)]= I = +x+1 EETT T all values can be input for x, except
x+1 x+1 x+1  x+1

x+1
those that make
X+

(=o0,=2) U (=2,—-D) U (=1, 00).

=0 or undefined. That would be —1 and —2; therefore, the domain is

(fog)x)= flg(x)]=(N4—x*)+4=~/4—x" +4; only values where x* <4 can be input for x;

therefore, the domain is [-2, 2].

(gof)x)=glf)]=+4—-(x+ 4)*; only values where (x+ 4)? <4 canbe input for x; therefore, the
domain is [-6, -2].

(fof)x)=fIf(X)]=(x+4)+4=x+38; all values can be input for x; therefore, the domain is (—oo,0).
(feog)x)= flg(x)]= 2(4x* =5x%)+1=8x" —10x* +1; all values can be input for x; therefore, the domain
iS (—oo0,00),

(go /)x)=glf()]=4Qx+1)’ =52x+1)* = 4(8x" +12x> +6x+1) = 5(4x* +4x+1) =

32x° +48x% +24x+4—(20x* +20x +5) = 32x° +28x* + 4x—1; all values can be input for x; therefore, the
domain is (—oo,0).

(feof)x)=fIf(x)]=2(2x+1)+1=4x+3; all values can be input for x; therefore, the domain is
(—o0,0).
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68.

69.

70.

71.

72.

73.

74.
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@ (fog)x)=flgx)]= % = 23_x = x; all values can be input for x; therefore, the domain is

(—o0,00).

®) (goflx)=glf(x)]= Z(XT_?’) +3=(x-3)+3 = x; all values can be input for x; therefore, the domain

is (—o0,00).

© (feofHX)fLf]= 2 = = = ;9 ; all values can be input for x;
therefore, the domain is (—oo, ).

(@) (fog)x) =f(gx)=f(5=5, all values can be input for x, thefore the domain is (—eo,e0).

() (gof)(x) =g(f(x)=g(5) =S5, all values can be input for x, therefore the domain is (—oe,e0).

(© (feof)x)=f(f(x)=f(5 =5, all values can be input for x, therefore the domain is (—oo,e0).

Let f(x)=c,then (fof)(x)=f(f(x)=f(c)=c. Therefore, there is only one value in the range of

(fof)@.

(fog)(0) = flg(x)] = 4G<x—2>j+2 —x-242=x, (g0 f)X) = gLf W] =i«4x+2>—2> =§(4x> - x

1 1
(fe8)x) = flg(x)]= —3(—§j =x, (go f)x)=glf(0]= —5(—3)6) =X

(fog)(x)=f[g(x)]=,3/5Gx3—%j+4 v —a)ra=r =

Lis 341 4 4 4
(gOf)(x)zg[f(x)}ZE(M) —§=§(5x+4)—g=x+g—§=x

(fog)(x)zf[g(x)]=;[(x3—1)+1=3/x_3=x ,(gof)(x):g[f(x)]:(i/ﬁ)3—l=x+l—l=x

Graph y, =/x-6, y, =x’+6, and y, = x in the same viewing window. See Figures 73. The graph of y,

can be obtained by reflecting the graph of y, across the line y, = x.
1 . o . .
Graph y, =5x-3, y, = g(x+ 3), and y, = x in the same viewing window. See Figures 74. The graph of y,

can be obtained by reflecting the graph of y, across the line y, = x.
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[-10,10] by [-10,10] [-10,10] by [-10,10]
Xscl=1 Yscl=1 Xscl=1 Yscl=1

Figure 73 Figure 74

75. f()=x"—4= f(x+h)=(x+h)>—4=x>+2xh+h> -4
FQ+ f(h)=(x"—4)+(h* —4)=x" +1* -8

76. f(x)=5x"+x= f(x+h)=5(x+h)’+(x+h) =5 +2xh+h*)+(x+h) =5x" +10xh +5h*> + x+ I
F)+ f(h) = (52" +x)+(5h> +h) = 55" +x+5h" +h

77. f(x)=3x—x2=>f(x+h)=3(x+h)—(x+h)2=3x+3h—(x2+2xh+h2)=—x2—2xh+3x—h2+3h;
FQ)+ f(h)=(3x=x")+(3h=h")= x> +3x—h* +3h

78. f(x)=x3=>f(x+h)=(x+h)3=(x2+2xh+l12)(x+h)=x3+3hx2+3I12x+h3
fO+ f(h)y=x"+n

f(x+h)=-f(x) A(x+h)+3-(4x+3) 4x+4h+3-4x-3 4h _

79. Using P gives: P P N 4.
80. Using w gives: 5(x+h)—6—(5x—6) = Sx+5h=6-5x+6 :%:5.
h h h h
- —6(x+h) —(x+h)+4—(-6x> —x+4
81. Using M giVeS: (-x ) ('x )h ( X X )

~6(x +2xh+ 1’ )~ x—h+4+6X" +x—4 637 _12xh—6h’ —x—h+4+6x> +x—4
I I

_ —12xh—6h> —h
h

=-12x-6h-1.

1 ) 1,
e rgg et ear)
Tglves: -

l(x2+2xh+h2)+4x+4h—1x2—4x s Ynt v axvan— Ly —ax
2 2 _2 2 2

82. Using

h - h
1.,
xh+—h"+4h
=— 2 —xt—h+d
h 2
_ 3.3 3 2 2,23 3 2 2,73
33 Usingw gives: (x+h})l XX +3x h+3hxh +h'—x =3x h+3;h +h =3 434
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85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.
96.

Section 2.6

2x°

_ _ 3_(_n.3 Y 2 2,43
Using f(x+h2 fx) gives: 2(x+h)h (—2x )= 2(x” +3x h+2xh +h')+

N3 g2 2 n13 3 642 2 _n9p3
2x” —6x"h 6hxh 2h" +2x _ 6x"h 6hxh 2h — 6% —6xh— 212

- — 2=y 1=(x*+2xh+h*)-1+x°
Using LRI g, Loy ( : )

1-x*=2xh—h* -1+ x* B —2xh-h*

127

= =-2x-h
h h
_ 2 (2 X4 2xh+ R )+ 2x+2h—x* —2x
Using JEHM=F0D o Gt 4205 )= +2n) _( )
h 3 3
2
2xh+h +2h:2x+h+2
h
_ 2 (342 3(x* +2xh+h*)-3x7
Usng LEADIC) g el 20 ( : )=3

3x? +6xh+3h* —3x7 _ 6xh+ 3h?
h

farh=fe) - Nxrhr _(erhodr)(erheeds)

=6x+3h

x+h-

X

Using (T gives: P = =

h(Nath+x) h(ﬁ+\/;)=

h

_ 1
W(rrh ) Narhodx

1 1 2x—(2x+2h) —2h
- 2x+h) 2x 2x(2x+2h)  2x(2x+2h _
Using JEth)-Jx) gives: 2xth) 2x x(2x ) = x(2x ): !
h h h h 2x(x+h)

1 1 X =(x+h’ X=X -2xh-I"  2xh-NK’

Using JEth)-Jx) gives: G 2 = xz(Hh)z = xz(Hh)z _ )Cz(erh)2 =

h(=2x=h)_

)c2(3c+h)2 _ 2x—h

h X2 (x-i—h)2

One possible solution is f(x) = x*and g(x) =6x-2. Then (fog)(x)= flg(x)]=(6x—2).

One possible solution is f(x)=x"and g(x)=11x"+12x. Then (fog)(x) = flg(x)]=

(11x% +12x)*.

One possible solution is f(x) = Jx and g(x)=x>—1. Then (fog)(x)= flg(x)]=~x*—1.
One possible solutionis f(x)=x’ and g(x)=2x-3. Then (fog)(x)= flg(x)]=(2x-3)".

One possible solution is f(x) =+/x+12 and g(x)=6x. Then (fog)(x) = flg(x)]=6x +12.

One possible solution is f(x) = Yx -4 and g(x)=2x+3. Then (fog)(x)=
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(a)
(b)
()
(d)

(e)

(b)
(©)
(d)

(e)

(b)
(©)
(d)

(e)

(b)
()
(d)

(e)

(b)

()

Chapter 2: Analysis of Graphs of Functions

With a cost of $10 to produce each item and a fixed cost of $500, the cost function is C(x) =10x + 500.
With a selling price of $35 for each item, the revenue function is R(x) = 35x.

The profit function is P(x) = R(x)—C(x) = P(x) =35x—(10x+500) = P(x) = 25x—-500.

A profit is shown when P(x) >0 = 25x-500 >0 = 25x > 500 = x > 20. Therefore, 21 items must be

produced and sold to realize a profit.
Graph y, =25x-500. The smallest whole number for which P(x) >0 is 21. Use a window of [0,30]

by [-1000,500], for example.

With a cost of $11 to produce each item and a fixed cost of $180, the cost function is C(x) =11x+180.
With a selling price of $20 for each item, the revenue function is R(x) = 20x.

The profit function is P(x) = R(x)—C(x) = P(x) =20x—(11x+180) = P(x) =9x—-180.

A profit is shown when P(x)>0=9x-180>0= 9x>180 = x > 20. Therefore, 21 items must be

produced and sold to realize a profit.
Graph y, =9x—180. The smallest whole number for which P(x) >0 is 21. Use a window of [-5,30]

by [-200,200], for example.

With a cost of $100 to produce each item and a fixed cost of $2700, the cost function is C(x) =100x + 2700.
With a selling price of $280 for each item, the revenue function is R(x) = 280x.

The profit function is P(x) = R(x)—C(x) = P(x) = 280x—(100x +2700) = P(x) =180x—2700.

A profit is shown when P(x)>0=180x-2700 >0 = 180x > 2700 = x >15. Therefore, 16 items

must be produced and sold to realize a profit.

Graph y, =180x-2700, the smallest whole number for which P(x) >0 is 16. Use a window of
[0,30] by [-3000,500], for example.

With a cost of $200 to produce each item and a fixed cost of $1000, the cost function is C(x) = 200x +1000.
With a selling price of $240 for each item, the revenue function is R(x) = 240x.

The profit function is P(x) = R(x) — C(x) = P(x) = 240x - (200x+1000) = P(x) = 40x-1000.

A profit is shown when P(x) >0 = 40x-1000 >0 = 40x >1000 = x > 25. Therefore, 26 items must

be produced and sold to realize a profit.
Graph y, =40x-1000, the smallest whole number for which P(x) >0 is 26. Use a window of

[-5,40] by [-1200,600], for example.

V()= %72'}”3, then a 3 inch increase would be V (r) = %72’(}’+3)3, and the volume gained would be
4 4
Vir)=—n(r+3) ——zr.
(r) 3 (r+3) 3

Graph y, =%7z(x+3)3 —%mf in the window [0,10] by [0,1500]. See Figure 101. Although this

appears to be a portion of a parabola, it is actually a cubic function.

From the graph in exercise 91b, an input value of x =4 results in a gain of y =1168.67.
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1372

4 4 4 4 1116
V(4)=—m(4+3) ——7(4) == (343) ——m(64) = —= 7 —
4) 3 (4+3) 3 4) 3 (343) 3 (64) 3

256 _ =3 = 16861,

3

If S(r)=4znr*, then doubling the radius would give us a surface area gained function of

S(r)=4nQ2r) —4zr* =167r* —4zr® =127r.

103. (a)

(b)

(c)

(d)

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

If x = width, then 2x =length. Since the perimeter formula is P = 2W + 2L our perimeter

function is P(x) = 2(x)+2(2x) = 2x+4x = P(x) = 6x. This is a linear function.

Graph P(x) =6xin the window [0,10] by [1,100]. See Figure 103b. From the graph when

x =4,y =24.The 4 represents the width of a rectangle and 24 represents the perimeter.

If x =4 is the width of a rectangle then 2x =8 is the length. See Figure 103c. Using the standard
perimeter formula yields P = 2(4)+ 2(8) = 24. This compares favorably with the graph result in part b.

(Answers may vary.) If the perimeter y of a rectangle satisfying the given conditions is 36, then the
width x is 6. See Figure 103d.

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

Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl=1 Yscl=1
8
rd e 4 T ol
=l A -
B y=zy Y236
Figure 101 Figure 103b Figure 103c Figure 103d
104. (a) If x=4s then s =§.
X x) x°
b) If y=s* and s==, then y(x)=|=| = y(x)=—.
(b) Ify 2 y()LJ y()16
N . 6> 36 9
¢) Sine x is the perimeter and x =6, y(6) =——=—=—=2.25.
(© P y(6) 6 16 2
(d) Show that the point (6,2.25) is on the graph y = f_6 A square with perimeter 6 will have area 2.25
square u nits.
105. (@) AQ2x)= ?(Zx)z = ?(498) — A(2x) = 3%
b)) A(x)= g(l@2 = g(256) = A(x) = 643 square units.
V3, . . -
(c) On the graphof y= Tx , locate the point where x =16 to find y =110.85, an approximation for
64+/3.
106. (a) If A(r)=7zr" and r(t) =2t then (Aor)(t) = Alr(t)] = A[2t] = 7(2t)* = 4xt’.
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(b) (Aor)(#) is a composite function that expresses the area of the circular region covered by the pollutants
as a function of time 7 (in hours).
(c) Since =0 is 8 A.M., noon would be t =4. (Aor)(4) = 47(4)* = 647 mi’.
(d) Graph y, =47zx’ and show that for x =4, y =201 (an approximation for 647).
(a) A(2100) =42, ; The average age of a person in 2100 is projected to be 42 years. 7(2100) =430, In
2100, the living world’s population will have a combined life experience of 430 billion years.
T(21 4
(b) 1109 = 430 =10.2, The world population will be about 10.2 billion in 2100.
A(2100) 42
(c) P(x) gives the world’s population during year x.
(a) The domain is the years. See table below. Therefore, D= { 2009, 2010, 2011, 2012 }.
X ’ 2009 ‘ 2010 ’ 2011 ‘ 2012
h(x) ’ 71.5 ‘ 78.1 ’ 75.3 ‘ 76.1
(b) The function & computes the number of acres of soybeans harvested in the U.S. in millions of acres.
(a) (f+g)2010)=13.0+74.3=87.3
(b) The function (f + g)(x) computes the total SO, and Carbon Monoxide during year x.
(c) Add functions fand g.
x ‘ 1970 ‘ 1980 ‘ 1990 ‘ 2000 ‘ 2010
(f+g)(x) ’ 235.2 ’ 211.3 ’ 177.3 ‘ 130.8 ’ 87.3
(a) The function £ is the addition of functions fand g.
x ’ 1990 ’ 2000 ’ 2010 ‘ 2020 ’ 2030
h(x) ‘ 32 ‘ 355 ‘ 39 ‘ 425 ‘ 46

(b) The function # is the addition of functions fand g. Therefore, h(x) = f(x)+ g(x).

(a)
(b)

(©)

(a)

(b)

The function 4 is the subtraction of function f from g. Therefore, h(x) = g(x)— f(x).
h(1996) = g(1996) — f(1996) =841-694 =147 , h(2006) = g(2006) = f(2006) =1165-1012 =153
. . . 153-147 6
Using the points (1996, 147) and (2006, 153) from part b, the slope is m = —————=—=.6. Now

2006—-1996 10
using point slope form: y—147 =.6(x—1996) = y =.6(x—-1996) +147.

1900(x —1982)* + 619
3200(x —1982)> +1586°

Graph h(x) = in the window [1982, 1994] by [0, 1] See Figure 112a.

Approximately 59% of the people who contracted AIDS during this time period died.
Divide number of deaths by number of cases for each year. The results compare favorably with the

graph. See Figure 112b.
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[-10,10] by [-10,10]

Xscl=1 Yscl=1

Year | 1982 | 1984 | 1986 | 1988 | 1990 | 1992 | 1994

Ratio| 39 | 51 | 59 | 58 | 61 | 60 | .61

\

Figure 112a Figure 112b

Reviewing Basic Concepts (Sections 2.4—2.6)

1.

(a) lx+2 =4:>lx+2=4:>lx=2:>x=4 or l)c-+-2=—4:>lx=—6:>)c=—12.
2 2 2 2
Therefore, the solution set is {~12,4}.
1 1 1 1 1
(b) §x+2 >4:>5x+2>4:>§x>2:>x>4 or Ex+2<—4:>5x<—6:>x<—12. Therefore, the
solution interval is (—eo,—12) U (4,00).

©) %x+2 S4:>—4S%x+2£4:>—6£%x£2:>—12£x£4.

Therefore, the solution interval is [-12,4].

For the graph of y =| f(x)|, we reflect the graph of y = f(x) across the x-axis for all points for which

y<0. Where y >0, the graph remains unchanged. See Figure 2.

y A
A
(-3.2) + 3.2 1
[ |__| 1 — _—' — / X
L B I I B =X o
Figure 2 Figure 5a

|2x+4|=|1—3x|=>2x+4=1—3x=>5x=—3=>x=—%0r 2x+4=—(1-3x)=2x+4=3x-1=5=x

The solution set is {—%,5} .

(@ f(=3)=2(-3)+3=-3 (b) f(0)=(0’+4=4 (c) f(2)=(2)*+4=8
(a) See Figure 5a.
(b) Graph y, = (=x*)*(x<0)+(x—4)*(x >0) in the window [-10,10] by [-10,10]. See Figure 5b.

Copyright © 2015 Pearson Education, Inc



132 Chapter 2: Analysis of Graphs of Functions

[-10,10] by [-10,10]
Xscl=1 Yscl=1

Figure 5b

6. @) (f+g)x)=(3x—4)+(x*)=x>—3x—4. Therefore, (f+ g)(1) = (1) =3(1)—4 = —6.
B (f - g)(x) = (-3x—4)—(x*) = —x> —3x —4. Therefore, (f —g)(3) =-(3)> —=3(3)—4 = -22.
©)  (f2)(x) = (=3x—4)(x*) = =3x> —4x>. Therefore, (fg)(1) = —3(-2)’ —4(-2)* =24-16=8.

L3524 Sl 3)-45
(d) (g)(x) e . Therefore, [gj( 3) 3 B

() (fog)x)=flg(x)]=-3(x)"—4=(fog)x)=-3x"-4
0 (goHX)=glf()]=(Bx-4) = (g0 f)(x) =9x° +24x+16

7. One of many possible solutions for (f o g)(x) =h(x) is f(x)=x* and g(x)=x+2. Then
(fe&)x) = flg(0]=(x+2)".

D(x+ 1)’ +3(x+h)—5—(=2x" +3x—=5)  —2(x> +2xh+h>)+3x+3h—5+2x> —3x+5 _
h h

~2x% —Axh—21% +3x+3h—-5+2x> —3x+5 _—Axh—2h* +3h
; = - = —4x—2h+3.

9. (a) At4% simple interest the equation for interest earned is y, =.04x.

(b) If he invested x dollars in the first account, then he invested x+500 in the second account. The equation

for the amount of interest earned on this account is y, =.025(x+500) = y, =.025x +12.5.

(c) Itrepresents the total interest earned in both accounts for 1 year.

(d) Graph y, +y, =.04x+(.025x+12.5) = y, + y, =.04x+.025x +12.5 in the window [0,1000] by
[0,100]. See Figure 9. An input value of x = 250, results in $28.75 earned interest.
(e) At x=250,y +y, =.04(250)+.025(250) +12.5=10+6.25+12.5 = $28.75.

[0,1000] by [-20,100]
Xscl =100 Yscl =10

¥=zZB.7E

Figure 9
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100 If the radius is r, then the height is 2r and the equation is

S = ﬁr\/r2 +(2r) = 7[r\/r2 +4r* =51 = S = 1’5,

Chapter 2 Review Exercises

The graphs for exercises 1-10 can be found in the “Function Capsule” boxes located in section 2.1 in the text.

1.
2.

10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

True Both f(x)=x" and f(x)=| x| have the interval: [0,) as the range.
True Both f(x)=x" and f(x)=| x| increase on the interval: [0,co) .
False The function f(x)= \/; has the domain: [0,o0) and f(x)= i/; the domain: (—co,0).

False The function f(x)= 3/; increases on its entire domain.

True The function f(x)=x has a domain and range of: (—oo,0)

False The function f(x)= \/; is not defined on (—e,0), so certainly cannot be continuous.
True All of the functions show increases on the interval: [0, )
True Both f(x)=x and f(x)=x" have graphs that are symmetric with respect to the origin.

True Both f(x)=x" and f(x)=| x| have graphs that are symmetric with respect to the y-axis.
True No graphs are symmetric with respect to the x-axis.

Only values where x =0 can be input for x, therefore the domain of f(x) = \/; is: [0,0)

Only positive solution are possible in absolute value functions, therefore the range of f(x) = Jx s [0,20)
All solution are possible in cube root functions, therefore the range of f(x)= i/; i8: (—o0,00) .

All values can be input for x, therefore the domain of f(x) = X% is: (—oo,00) .

The function f(x)= 3/; increases for all inputs for x, therefore the interval is: (—oo,o0).

The function f(x) =| x| increases for all inputs where x >0, therefore the interval is: [0, o)

The equation is the equation y = Jx . Only values where x =0 can be input for x, therefore the domain of
y=~/x is: [0,00)

The equation y* = x is the equation y = Jx Square root functions have both positive and negative solutions

and all solution are possible, therefore the range of y = \/; is: (—oo,00) .

The graph of f(x) =(x+3)—1 is the graph y = x shifted 3 units to the left and 1 unit downward.
See Figure 19.

The graph of f(x) = —%x +1 is the graph reflected y = x across the x-axis, vertically shrunk by a factor of

%, and shifted 1 unit upward. See Figure 20.

The graph of f(x)=(x+1)* =2 is the graph y = x* shifted 1 unit to the left and 2 units downward.
See Figure 21.
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y y y

Figure 19 Figure 20 Figure 21

22. The graph of f(x)=-2x"+3is the graph y = x’reflected across the x-axis, vertically stretched by a factor
of , and shifted 3 units upward. See Figure 22.
23. The graph of f (x) = —x’ +2is the graph y = x’ reflected across the x-axis and shifted 2 units upward.

See Figure 23.
24. The graph of f(x)=(x-3)"is the graph y = x* shifted 3 units to the right. See Figure 24.

Figure 22 Figure 23 Figure 24

25. The graph of f (x) = %x is the graph y = Jx horizontally stretched by a factor of 2. See Figure 25.

26. The graph of f (x) =+/x—2+1 is the graph y = Jx shifted 2 units to the right and 1 unit upward.
See Figure 26.
27. The graph of f (x) =23x is the graph y = Yx vertically stretched by a factor of . See Figure 27.

y y y
A J
£ 4 / 24
1+ 1+ .
| | | | | | > X I I I I I I X | | | | | | X
T O__ T I2 I T T 0—_ 2 T T T 0 | l1 T T
Figure 25 Figure 26 Figure 27

28. The graph of f (x) =3/x-2is the graph y = x shifted 2 units downward. See Figure 28.
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The graph of f (x)=|x—2|+1is the graph y =| x|shifted 2 units right and 1 unit upward. See Figure 29.

The graph of f (x)=|-2x+3|is the graph y =| x | horizontally shrunk by a factor of %, shifted [%)(3) or

%units to the left, and reflected across the y-axis. See Figure 30.

31.

32.
33.

34.

35.

36.

37.

Figure 28 Figure 29 Figure 30

(a) From the graph, the function is continuous for the intervals: (—eo,—2),[-2,1] and (1, o)
(b) From the graph, the function is increasing for the interval: [—2,1]

(c) From the graph, the function is decreasing for the interval: (—oo, —2)

(d) From the graph, the function is constant for the interval: (l,oo)

(e) From the graph, all values can be input for x, therefore the domain is: (—oo, oo)
(f)  From the graph, the possible values of y or the range is: {-2}U[-1,1]U(2,)
x=y2—4:> y2 =x+4:yZMand yz—x/m.

From the graph, the relation is symmetric with respect to the x-axis, y-axis, and origin. The relation is not a

function since some inputs x have two outputs y.

If F(x)=x"=6,then F(-x)=(-x)"-6= F(-x)=-x"-6and—F (x)=—(x’-6) = —F (x) =—x’ +6.
Since F (x) # F (—x) # —F (x) the function has no symmetry and is neither an ever nor an odd function.

If f(x)=x|+4,then f(-x)=(-x)|+4= f(—x)=x|+4and —f(x)=—|x|—4Since f(-x)= f(x)the
function is symmetric with respect to the y-axis and is an even function.

If f(x)=vx=5then f(-x)=[(~x)=5 and —f (x)=—Jx=5 Since f(x)# f(-x)#—f(x), the
function has no symmetry and is neither an even nor an odd function.

If y? = x—5then y=2x—5. Since f(x)=—x—5 is the reflection of f (x)=—x—5 across the x-axis,

the relation has symmetry with respect to the x-axis. Also, one x inputs can produce two y outputs the relation

is not a function.
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38. If f(x)=3x"+2x" +1then f(-x)=3(-x)"+2(=x)" +1= f(-x)=3x"+2x> +1and
—f(x)=-3x"-2x"—1. Since f(—x)= f(x)the function is symmetric with respect to the y-axis and is an

even function.

39. True, a graph that is symmetrical with respect to the x-axis means that for every (., y) there is also (x,—y).

40. True, since an even function and one that is symmetric with respect to the y-axis both contain the
points (x, y) and (-x,y).

41. True, since an odd function and one that is symmetric with respect to the origin both contain the points
(x,y)and (-x,—y).

42. False, for an even function, if (a,b)is on the graph, then (—a,b) is on the graph and not (a,—b). For
example, f(x)=x” iseven, and (2, 4) is on the graph, but (2, —4) is not.

43. False, for an odd function, if (a,b)is on the graph, then (—a,—b) is on the graph and not (—a,b) For example,
f(x)=x"is odd, and (2,8)is on the graph, but (-2,8) s not.

44. True, if (x,0)is on the graph of f (x)=0 then (—x,0)is on the graph.

45. The graphof y = —3(x+ 4)2 —8is the graph of y = x*shifted 4 units to the left, vertically stretched by a

factor of 3, reflected across the x-axis, and shifted 8 units downward.

46. The equation y = Jx reflected across the y-axis is: f(x)=+/—x then reflected across the x-axis is:

y = —+/—x now vertically shrunk by a factor of % is: y= —% —Xx , and finally shifted 4 units upward is:

y=-§@+4.

47.  Shift the function fupward 3 units. See Figure 47.
48.  Shift the function f to the right 2 units. See Figure 48.
49.  Shift the function f to the left 3 units and downward 2 units. See Figure 49.
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g x g

toor 8 20l ° I :
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+ + +(1,-4)
Figure 47 Figure 48 Figure 49
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51.

52.

(-4,0)

53.

54.

55.

56.

57.

58.

59.

60.

D
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For values where f (x) >0 the graph remains the same. For values where f (x) < O reflect the graph across

the x-axis. See Figure 50.

Horizontally shrink the function f'by a factor of % See Figure 51.

Horizontally stretch the function f'by a factor of 2. See Figure 52.

Figure 50

y

(0.0) 2,0

> x
1

1,-2)

Figure 51

(8,-2)

Figure 52

The function is shifted upward 4 units, therefore the domain remains the same: [—3, 4] and the range is

increased by 4 and is: [2,9] .

The function is shifted left 10 units, therefore the domain is decreased by 10 and is [—13, —6]; and the

function is stretched vertically by a factor of 5, therefore the range is multiplied by 5 and is: [-10,25].

The function is horizontally shrunk by a factor of %, therefore the domain is divided by 2 and is: {—%, 2}

and the function is reflected across the x-axis, therefore the range is opposites of the original and is: [-5,2].

The function is shifted right 1 unit, therefore the domain is increased by 1 and is: [—2,5]; and the function is

also shifted upward 3 units, therefore the range is increased by 3 and is: [1,8].

We reflect the graph of y = f (x) across the x-axis for all points for which y <0. Where y >0, the graph

remains unchanged. See Figure 57.

We reflect the graph of y = f (x) across the x-axis for all points for which <0. Where y >0, the graph

remains unchanged. See Figure 58.

Since the range is {2},y >0, so the graph remains unchanged.

Since the range is {-2},y <0, so we reflect the graph across the x-axis. See Figure 60.
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y y
A \
-2,2) T7(,2 T
(-2,2) 1(0,2) (0, 2)
——t] x g
T (27 0) .
Figure 57 Figure 58 Figure 60

[4x+3[=12=4x+3=12=>4x=9= x=% or dx+3=-12=4x=-15= x=—%,therefore the solution

. { 15 9}
seti1s: < ——,— .
4’4

|—2x - 6| +4=1= |—2x - 6| =-3. Since an absolute value equation can not have a solution less than zero, the
solution set is: &

[5x+3[=|x+11]|=5x+3=x+11=>4x=8=x=2 or 5x+3=—(x+11):>6x=—14:>x=—%=—1

3

H

therefore the solution set is: {—%, 2}.

[2x+5/=7=2x+5=7=2x=2=x=1 or 2x+5=-7= 2x=-12= x=—6, therefore the solution set
is: {-6,1}.

|2x+5|<7=-7<2x+5<7=-12<2x<2=-6<x<1, therefore the interval is: {-6,1}.
|2x+5>7=2x+5>7=2x>2=x>1 or 2x+5<—7=2x<—12= x < —6, therefore the solution

is the interval: (—oo,—6} U[l,oo).
12 12 ..
|5x—12|0:5x—12>0:5x>12: x>? or Sx-12<0=5x=12=> x<?, therefore the solution is

the interval: [—oo,gj U(E,oo) or {x | x # 2}
5 5 5

Since an absolute value equation can not have a solution less than zero, the solution set is: &

2|3x—1|+1=21:2|3x—1|:20:|3x—1|=10:3x—1=10:3x=11:x=% or

3x—1=-10= 3x =-9 = x = -3, therefore the solution set is: {—3,%1}.

|2x+1|=|-3x+1|= 2x+1=-3x+1=5x=0=x=0 or 2x+1=—(-3x+1)= —x=-2= x =2, therefore

the solution set is: {0,2].

Copyright © 2015 Pearson Education, Inc



Section 2.R 139

71. The x-coordinates of the points of intersection of the graphs are —6 and 1.Thus, {-6,1} is the solution set of
¥, =y, The graph of y, lies on or below the graph of y, between —6 and 1, so the solution set of y, <y, is
[—6,1] The graph of y, lies above the graph of y, everywhere else, so the solution set of y, >y, is
(o=, ~6]U[1,=).

72. Graph y, = |x+ 1| + |x—3| and {-3,-1} See Figure 72. The intersections are x =—-3 and x =5, therefore the
solution set is: {~3,5}. Check: |(=3)+1/+|(-3)-3|=8=|-2|+|-6|=8=2+6=8=8=8 and

|(5)+1[+|(5)-3| =8 =]6|+[2| =8 = 6+2=8=8=8

[-10,10] by [-4,16]
Xscl=1 Yscl=1

N, /S

RNy

Figure 72

73. Initially, the car is at home. After traveling 30 mph for 1 hr, the car is 30 mi away from home. During the
second hour the car travels 20 mph until it is 50 mi away. During the third hour the car travels toward home
at 30 mph until it is 20 mi away. During the fourth hour the car travels away from home at 40 mph until it is
60 mi away from home. During the last hour, the car travels 60 mi at 60 mph until it arrives home.

74. See Figure 74

75. See Figure 75

76. See Figure 76

<

(30, 500) f _‘_
5004 (0, 500) 7 T
o 400 - 3L
= =+
S 300 - T
'S
O 200 LA B 1 B B
100 0—: 3 é\
—————— X 0 2 -
0 10 20 30 2 4
Minutes -+
Figure 74 Figure 75 Figure 76

71. Graph y, =(3x+1)*(x<2)+(—x+4)*(x22) in the window [-10,10] by

|4x+8| >4=4x+8>4= 4x>-4= -1 See Figure 77.
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78. See Figure 78.

[-10,10] by [-10,10] [-5,5] by [-5,5]
Xscl=1 Yscl=1 Xscl=1 Yscl=1

[ s

Figure 77 Figure 78

79. From the graphs (f +g)(1)=2+3=5

80. From the graphs (f—g)(0)=1-4=-3

81. From the graphs (fg)(—1)=(0)(3)=0

82. From the graphs (ij 2)= %

83. From the graphs (f°g)(2) = flg(2)]=f(2)=3
84. From the graphs (¢°/)(2) = g[f(2)]=¢g(3) =2
85. From the graphs (g°/)(=4) = g[f (-H]=g(2)=2
86. From the graphs (f°g)(-2) = flg(-2)]= f(2) =3
87. Fromthe table (f+g)()=7+1=8

88. From the table (f —g)(3)=9-1=0

89. From the table (fg)(—1)=3)(-2)=-6

90. From the table [ij 0) = % , which is undefined.
8

91. From the tables (g°f)(-2)=g[f(-2)]=g() =2
92. From the graphs (f°2)(3) = flg(3)]=f(-2)=1
2(x+h)+9—(2x+9)=2x+2h+9—2x—9=%=
h h h
(x+h)" =5(x+h)+3-(x* =5x+3) _ X +2xh+h> —5x—5h+3—x" +5x-3 _ 2xh+h*>—5h
h h h

93. 2

94.

=2x+h-5

95. One of many possible solutions for (f°g)(x) =h(x) is: f(x)=x"and g(x)=x’—3x Then
(fog)=(x"-3x)".

96. One of many possible solutions for (f°g)(x) =h(x) is f(x) =é and g(x)=x-5 Then

1
x=5

(f°8)(x) = flg(x)] =
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4 . . 4 3 .
97. It V(r)= gﬂr ,then a 4 inch increase would be: V(r) = 572’(}’ +4)”, and the volume gained would be:
4 4
V(r)y==—z(r+4) ——nzr’.
(r) 3 (r+4) 3

98. (a) Since h=d,r= % and the formula for the volume of a can is: V = zr*h , the function is:

zd?

d 2
V(d) :”(Ej d=V(d)=

(b) Since h=d,r= %,c =27r and the formula for the surface area of a canis: A =2zrh+27r", the

2 2
7d :S(d):3”2d

2
function is: S(d):2ﬁ(%jd+2ﬂ(gj = Sd)=nd*+

99. The function for changing yards to inches is: f(x) =36xand the function for changing miles to yards is:
g(x) =1760x The composition of this which would change miles into inches is:
flg(x)]=36[1760(x)] = (f°g)(x) =63,360x .
100. If x=width, then length =2x A formula for Perimeter can now be written as: P = x+2x+ x+ 2x and the

function is: P(x) = 6x This is a linear function.

Chapter 2 Test
1. (a) D, only values where x>0 can be input into a square root function.

(b) D, only values where y >0 can be the solution to a square root function.
(c) G, all values can be input for x in a squaring function.
(d) B, only values where y >3 can be the solution to f(x)=x* +3

(e) C, all values can be input for x in a cube root function.

(f) C, all values can be a solution in a cube root function.

(g) G, all values can be input for x in an absolute value function.

(h) D, only values where y >0 can be the solution to an absolute value function.

(i) D,if x=y’ then y= Jx and only values where x =0 can be input into a square root function.

(G)  C, all values can be a solution in this function.
2. (a) Thisis f(x) shifted 2 units upward. See Figure 2a.

(b) Thisis f(x) shifted 2 units to the left. See Figure 2b.

(¢) Thisis f(x) reflected across the x-axis. See Figure 2c.

(d) Thisis f(x) reflected across the y-axis. See Figure 2d.

(e) Thisis f(x) vertically stretched by a factor of 2. See Figure 2e.

(f)  We reflect the graph of y = f(x) across the x-axis for all points for which $2.75 Where y >0 the

graph remains unchanged. See Figure 2f.
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y y
2,00 - (0, 0) (4.0)
x A=«
K /(2,0 N
(=1,-3) ¥
Figure 2a Figure 2b Figure 2¢

y
y

L-3)"T
Figure 2d Figure 2e Figure 2f

3. (a) Since y= f(2x)is y = f(x) horizontally shrunk by a factor of %, the point (—2,4) on y = f(x)
becomes the point (—1,4) on the graph of y= f(2x).

(b) Since y=f (%xj is ¥y = f(x) horizontally stretched by a factor of 2, the point (-2,4) on y = f(x)

becomes the point (—4,4) on the graph of y = f [% xj .

4. (a) The graphof f(x)=-x(x—2)"+4 is the basic graph f(x)=x" reflected across the x-axis, shifted 2
units to the right, and shifted 4 units upward. See Figure 4a.
(b) The graph of f(x)= —2/=x is the basic graph f(x)= Jx reflected across the y-axis and vertically
stretched by a factor of 2. See Figure 4b.

y y
A
4+ 4
II9I}}4\EI~9€ Llliillll x
Figure 4a Figure 4b

5. (a) If the graph is symmetric with respect to the y-axis, then (x,y) = (—x,y) therefore (3,6) = (-3,6).
(b) If the graph is symmetric with respect to the x-axis, then (x, y) = (—x,—y) therefore (3,6) = (-3,-0).

(c) See Figure 5. We give an actual screen here. The drawing should resemble it.
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[-4,4] by [0,]
Xscl=1 Yscl=1
|
II III
| |
||I.. II|
L .III I"' -
Figure 5

6. (a) Shift the graph of y = Yx to the left 2 units, vertically stretch by a factor of 4, and shift 5 units

downward.
(b) Graph y= |x| reflected across the x-axis, vertically shrunk by a factor of % shifted 3 units to the right,

and shifted up 2 units. See Figure 6. From the graph the domain is: (—e,o°); and the range is: (—o,2].
y
1
y=- 5 ’x—3|+ 2
3.2)

/

/

| L

%

T 15

Figure 6

7. (a) From the graph, the function is increasing for the interval: (—eo,—-3)
(b) From the graph, the function is decreasing for the interval: (4,c0)
(c) From the graph, the function is constant for the interval: (—3,4)
(d) From the graph, the function is continuous for the intervals: (—eo,-3), (—3, 4), (4,00) .
(e) From the graph, the domain is: (—eo,o0)
(f) From the graph, the range is: (—oo,2)
8. (a) |4x+8| =4=4x+8=4=4x=-4=>x=-1or 4x+8=-4= 4x=-12 = x = -3, therefore the
solution set is: {—3,—1}

(b) |4x+8| <4d= -4<4x+8<4=-12<4x <-4 = -3 <x< -1, therefore the solution is: (-3,—1).

(c) |4x+8|>4:4x+8>4:4x>—4:x>—1 or 4x+8< -4 = 4x < -12 = x < -3 therefore the
solution is: (—oo,—=3)UJ (~1,0).

9. (a) (f—g)(x)=2x2—3x+2—(—2x+1):(f—g)(x)=2x2—x+1

2_
®) (i](x)zzx 3x+2
g —2x+1
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(¢) The domain can be all values for x, except any that make g(x)=0. Therefore

2x+120=> 2xz-1=>x# %or the interval: (—w,%}U(%,wj

@) (fo)x)=f[g(x)]=2(2x+D7=3(-2x+1)+2=2(4x" —4x+1)+6x-3+2 =
8x% —8x+24+6x—3+2=8x>—2x+1
€ (gof)x)=g[f(x)]=-202x" =3x+2)+1=—4x" +6x—4+1=—4x" +6x-3

2x+h) —3(x+h)+2—-(2x° =3x+2) _ 2(x° +2xh+ 1)~ 3x—3h+2-2x" +3x-2 _

) p ;

2. +4xh+21% =3x—3h+2-2x* +3x-2 _4xh+2h*~3h
h h

= 4x+2h-3

10. (a) See Figure 10a.
(b) Graph y, = (—x* +3)*(xs1)+(%+2)+(%+2)*(x>1) in the window [—4.7,4.7] by [-5.1,5.1]

See Figure 10b.
(¢) The graph is not connected at x = 1 and thus fis not continuous when x =1.

Y

T W I I

I
Lo
\L;)
|

| | | > X
T I\/ I(%:i T 1T 11
Figure 10a
[-4.7,4.7] by [-5.1,5.1] [0,10] by [0,6] [0,1,000] by [-4,000,4000]
Xscl=1 Yscl=1 Xscl=1 Yscl=1 Xscl =50 Yscl =500
‘f = 4dink i+ 7R M=gH-2200
l H=C.E NIETE ey H=EEn y=i
Figure 10b Figure 11 Figure 12

11. (a) See Figure 11.
(b) Setx=>5.5then $2.75 is the cost of a 5.5 minute call. See the display at the bottom of the screen.
12. (a) With an initial set-up cost of $3300 and a production cost of $4.50 the function is: C(x) = 3300+ 4.50x

(b) With a selling price of $10.50 the revenue function is: R(x) =10.50x
(c) P(x)=R(x)—C(x)= P(x)=10.50x—-(3300+4.50x) = P(x) = 6x—-3300
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(d) To make a profit P(x) > 0, therefore 6x—3300>0 = 6x>3300= x>550

Tyler needs to sell 551 before he earns a profit.

(e) Graph y, =6x-3300, See Figure 12. The first integer x-value for which P(x) >0 is 551
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