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Chapter 1 Linear Relations and Functions

1-1 | Relations and Functions

Pages 8-9 Check for Understanding
1.
X y V3
—4 2 4:'
6 1 e 2+ o
0 5 T
8 —4 -8 -4 0] 4 sx
2 2 -21
—4 0 _al R

2. Sample answer:
£
— (—
O

__::::X

3. Determine whether a vertical line can be drawn
through the graph so that it passes through more
than one point on the graph. Since it does, the
graph does not represent a function.

4. Keisha is correct. Since a function can be
expressed as a set of ordered pairs, a function is
always a relation. However, in a function, there is
exactly one y-value for each x-value. Not all
relations have this constraint.

5. Table: Graph:
X y y .
1 -3 .
2 -2 ) - °
3 -1 (o) . ) 4
4 0 °
.
5 1
6 2
7 3

Equation: y = x —4
6. {(—=3, 4), (0, 0), (3,—4), (6, —8)}; D ={-3, 0, 3, 6};
R={-8,-4,0,4}
7.{(=6,1),(=4,0), (=2, —4), (1, 3), 4, 3)};
D=1{-6,—-4,-2,1,4; R=1{-4,0,1, 3}

T © ¢ o o o 0 0 o

| | |or e w8
|
ot

10. {—3,0, 1, 2}; {6, 0, 2, 4}; yes; Each member of the
domain is matched with exactly one member of
the range.

11. {3, 3, 6}; {—6, —2, 0, 4}; no; 6 is matched with
two members of the range.

12a. domain: all reals; range: all reals

12b. Yes; the graph passes vertical line test.

13. f(—3) = 4(—3)3 + (—3)2 — 5(—3)

=—-108+ 9+ 15 or -84
14. gm + 1) =2(m + 1)2 — 4(m + 1) + 2
=2m%2+2m+ 1) —4m — 4 + 2
=2m2+4m+2—4m — 4+ 2
= 2m?2
15, x+1<0
x<-—1
The domain excludes numbers less than —1.
The domain is {x[lx = —1}.

16a. {(83, 240), (81, 220), (82, 245), (78, 200),

(83, 255), (73, 200), (80, 215), (77, 210), (78, 190),
(73, 180), (86, 300), (77, 220), (82, 260)}; {73, 77,
78, 80, 81, 82, 83, 86}; {180, 190, 200, 210, 215,
220, 240, 245, 255, 260, 300}
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16b.

300

280

260

Weight 240

(1b) 220

200

180

O" 70 72 74 76 78 80 82 84 86

Height (in.)

16c¢. No; a vertical line at x = 77, x = 78, x = 82, or
x = 83 would pass through two points.

Pages 10-12 Exercises
17. Table Graph:
X y i R
1 3 241 .
+ °
2 6 N .
3 9 1 .
4 12 121 .
+ °
5 15 6l o
6 18 T°
7 21 oY 2 4 6 8 10X
8 24
9 27
Equation: y = 3x
18. Table:
y
2 o ol x
—6 —11
-5 —10
—4 -9
_3 _8 Y
—2 -7 °
L]
-1 -6 .
Equation: y =x — 5 .
19. Table: Graph:
X y y-- L)
—4 4 *
L]
-3 5 1.
_2 6 L 2
o 1
-1 7 .
0 8 N
1 9 ‘
2 10
3 11
4 12 o X

Equation: y = 8 + x

20. {(=5, —=5), (=3, —=3), (=1, —1), (1, 1)};
D={-5-3, -1, 1}; R={-5, -3, —1, 1}
21. {(—10, 0), (=5, 0), {0, 0), (5, O)};
D ={-10, -5, 0, 5}; R = {0}
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22.

23.

24.

25.

26.

217.

28.

29.

30.

{(4,0), (5, 1), (8,0), (13, };
D=1{4,5,8,13}; R=1{0, 1}

{(=3,-2),(=1,1),(0,0), (1, D}

D=1{-3-1,0,1; R=1{-2,0,1}
{(=5,5),(=3,3), (-1, 1), 2, —2), (4, —49)};
D=1{-5-3,-1,2,4; R=1{-4,-2,1, 3,5}
3, -4),3,-2),3,0),3,1),3,3s D= {34

R = {_4? _2’ 0’ 17 3}

x y
—4 -9
-3 -8
-2 -7
—1 -6
0 —5
1 —4
x y
1 -1
2 -2
3 -3
4 —4
5 -5
6 -6
x y
—5 5
—4 4
-3 3
-2 2
~1 1
0 0
1 1
x y
1 0
2 3
3 6
4 9
5 12
X y
11 3
11 -3

ly T T
o]




31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

x y y

4 2

4 -2 ¢
ol x

{4, 5, 6}; {4}; yes; Each x-value is paired with
exactly one y-value.
{1}; {—6, —2, 0, 4}; no; The x-value 1 is paired with
more than one y-value.
{0, 1, 4); {—2, —1, 0, 1, 2}; no; The x-values 1 and 4
are paired with more than one y-value.
{0, 2, 5}; {—8, —2, 0, 2, 8}; no; The x-values 2 and 5
are paired with more than one y-value.
{—=1.1, —0.4, —0.1}; {—2, —1}; yes; Each x-value is
paired with exactly one y-value.
{=9, 2, 8, 9}; {—3, 0, 8}; yes; Each x-value is paired
with exactly one y-value.
domain: all reals; range: all reals; Not a function
because it fails the vertical line test.
domain: {—3, —2, —1, 1, 2, 3}; range: {—1, 1, 2, 3};
A function because each x-value is paired with
exactly one y-value.
domain: {x[0—8 = x = 8}; range: {y(I—8 =y = 8};
Not a function because it fails the vertical line
test.
f(3) = 2(3) + 3

=6+3o0r9

g(—=2) = 5(=2)2 + 3(-2) — 2
=20—-6—2o0r 12
h0.5) = 55
=2
j(2a) = 1 — 4(2a)3
=1 — 4(8a3)
=1- 32a3
fm—1D=2m—-1)2-n—-1)+9

=22 —-2n+1)—n+1+9
=2n2—-4n+2-n+1+9

=2n2 — 5n + 12
3—(b2+1)
g* + 1) =5
3-b2-1
6 + b2

f(5m) = (bm)% — 130

= [125m? — 130
¥ -5=0

x2=5

xzi\/g;x#i\/g
x2-9<0

x2 <9
—3<x<3x<-3orx=3
¥-7=0

X2 =7

- 7SxSW;x<—Worx>\/7

2 — b2
O g3 p2

51a. h [ x# 1
ram| £
ERFOF
: =
] 1.t
Yy i
E oE
b B
#=1
51b. b 9 x# —5
'E -9
ERFROFR
| v
s =
-z 1.6867
-1 1
] .B
w="a
51c. b iy x#* —2,2
= -6
EEFROEK
-1 Z.BB67
1] =
1 >.BA67
c ERFROFK
> -.b
w=2

52a. {(13,264, 4184), (27,954, 4412), (21,484, 6366),
(23,117, 3912), (16,849, 2415), (19,563, 5982),
(17,284, 6949)}; {13,264, 16,849, 17,284, 19,563,
21,484, 23,117, 27,954}; {2415, 3912, 4184, 4412,
5982, 6366, 6949}

52b.

7 °

6

Number 5
Attending
(thousands) 4 .

3
2—

O"12 16 20 24 28

Number Applied
(thousands)

52¢. Yes; no member of the domain is paired with
more than one member of the range.

x —

53.x =2m + 1,80 —
Substitute % for m in f(2m + 1) to solve for f(x),
24m?® + 36m? + 26m
= 24" 1)3 +36(*5 )2 + 26(*5 7]

_ 24< ¥ — 3x28+ 3x—1 >+ 36(x2 - ix+ 1) n 26(%)

=3¢ — 92 +9x — 3+ 92— 18x + 9 + 13x — 13

= m.

1

=3x3 + 46— 7
54a. t(500) = 95 — 0.005(500)
= 92.5°F
54b. #(750) = 95 — 0.005(750)
= 91.25°F
54c. £(1000) = 95 — 0.005(1000)
= 90°F
54d. ¢(5000) = 95 — 0.005(5000)
= 70°F
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54e. ¢(30,000) = 95 — 0.005(30,000)

= —55°F

55a. d(0.05) = 299,792,458(0.05)

= 14,989,622.9 m

d(0.02) = 299,792,458(0.2)

= 59,9568,491.6 m

d(1.4) = 299,792,458(1.4)

=419,709,441.2 m

d(5.9) = 299,792,458(5.9)

1,768,775,502 m

55b. d(0.008) = 299,792,458(0.08)

= 23,983,396.64 m

56. P(1) = P21
2)(3 1

P = 29— g

GO +1 4

R

57. 72 — (32 + 42) = 49 — (9 + 16)

=49 — 25 0r 24

The correct choice is B.

1-2 | Composition of Functions
Page 13 Graphing Calculator Exploration
L1 # T IE
] | :
i i £
: E ]
3 £ 11
g 7 14
£ g i7
& i1 0
Wi=-1
H Nz Yz
] z EE
i £ -l
: i L,
3 i1 “B
g il -7
£ ir -B
& z0 -0
Vz=-3
2THE W Ve
I -1 z
i 1 £
: 3 i
3 £ i1
g 7 il
£ g ir
& i1 zi
w=B
& Nz Yz
0 z 7]
i £ £
: i Iy
: i1 EL
g il g
E ir ics
& zo EZ0
Va=-2
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3. ¥ Y E
I -1 z
i 1 £
: 3 i
E £ 11
g 7 iy
£ g ir
& i1 0
w=0
Ve N
] z - |
i E .
: i =37E
: i1 ‘hEyEE
i iy .5
E ir Ezoyg
& zo It
WYz=-_5

4. Sample answer: The (sum/difference/product/
quotient) of the function values is the function
values of the (sum/difference/product/quotient)
of the functions.

5. Sample answer: For functions f(x) and g(x),

( + @) = f@) + 80 (f — 9@ = flx) — 20
(- &) = f@) - g0 and (£)) = (£55). &0 # 0

Page 17 Check for Understanding
1. Sample answer: f(x) = 2x — 1 and g(x) = x + 6;
Sample explanation: Factor 2x2 + 11x — 6.
2. Iteration is composing a function on itself by
evaluating the function for a value and then
evaluating the function on that function value.

3. No; [f° g](x) is the function f(x) performed on g(x)
and [g ¢ f](x) is the function g(x) performed on f(x).
See students’ counter examples.

4. Sample answer: Composition of functions is
performing one function after another. An
everyday example is putting on socks and then
putting shoes on top of the socks. Buying an item
on sale is an example of when a composition of
functions is used in a real-world situation.

5. flx) + g(x) =3x2+4x—5+2x+ 9

=3x2+6x+ 4
fx) —g(x) = 3x2 + 4x — 5 — (2x + 9)
=3x2 + 2x — 14

f(x) - g(x) = (Bx2 + 4x — 5)(2x + 9)
= 6x3 + 35x2 + 26x — 45
JAVENID (€]
<g>(x) T g
32 +4x — 5 9

=" oxr9 XF Ty

6. [fe g]l(x) = flg))
=f(3 + x)
=28+x)+5
=2x + 11

[g° 1) = g(f())

= g(2x + b)
=3+ (2x + 5)
=2x+ 8



7. [ 81 = fg@) [0 — g0 = —— — (&2 — 1)

+ 1
= f(x? — 2x) e o2 — D+ 1)
=22 — 2x) — 3 Tx+1 7 x+1
=92 — 4x — 3 _x _x3+x27x71
Tx+1 +1
g ° f1() = g(f(x)) ot A
= g(2x — 3) = PR X T
= (2x = 3)” - 2(2x - 3) f@) + @) = s17- @2 - 1)
=(4x? - 12x + 9) — 4x + 6 @+ D — 1)
=4x% — 16x + 15 = x+1
8. Domain of f(x): x # 1 =x2—x,x# —1
Domain of g(x): all reals / p
g =1 (£ = S
x+3=1 Taxrl 21
x.=—2 . :7x3+x2x7x71,x7&—10r1
Domain of [f° g](x) is x # —2. 3
13. f(x) + gx) = == + x2 + bx
9. x; = flxy) = f(2) x—7
1 0 3 &2+ 5x)(x — 7)
=22 +1lorb =57t x—17
Xy = f(‘xl) = f(5) _ 3 X% — 7Ta? + 5y — 35x
=2(5) + 1lor1l st x=7
x3 — 2¢% — 35x + 3
x3:f(x2):f(11) = x—17 s x#F= T
= 3
- 1198 2(11) + 1 or 23 fla) — glx) = - (2 + 5x)
, 11, 3 &%+ 5x)(x — 7)
10a. [K o C|(F) = K(C(F)) R
_ g(F_32) :x§7_x—7xxt5;c—35x
= o(F — 32) + 273.15 _ Peosmes
10b. K(—40) = o(—40 — 32) + 273.15 , x T ’
— 2
= —40 + 273.15 or 233.15 fx) - gx) = 7 —7 - (x* + 5x)
3x% + 15,
K(~12) = 2(~12 — 32) + 273.15 = A T
= —24.44 + 273.15 or 248.71 —
5 I _
K©0) =4(0—32) +273.15 (g)(x) = 24 Bx
= —17.78 + 273.15 or 255.37 =
K(32) =2(32 - 32) +273.15 3 507

T a3 — 2x2 — 35x°

:(;—i- 273.15 or 273.15 14. f(x) + g() = x + 3 + x%x5
K(212) =§(212—32)+273.15 _(x+3)(x—5)+ 2x
=100 + 273.15 or 373.15 el W
x—5 +x—5
E SR x#5
=
Pages 17-19 Exercises i 2
11. f(x) + g(@) =22 — 2x + x + 9 f(x)_g(x):x+3_(x—5
:x2_x+9 :(x+3)(x—5)_ 2x
x—5 x—5
fx) —gx) =% — 2x — (x + 9) _ o215 2
=x2-3x—9 2x75 x—5
x“ — 4x — 15
fx) - @) = (6 — 2x)(x + 9) =" -5 ¥75
= 53 2 _ 2
P SR fx) - gx) = (e + 3) — (5
(g)(x):m,x¢9 =222jfx7x#5
X
12. flx) + g) = .77 + a2 — 1 . x+3
x o — Dx + 1) (g)(x)* 2x
T x+1 x+1 x—5
x WB+ai-x-—1 x-5
T x+1 x+ 1 =x+3- 2x
3 2 _ 2 _ —
=X =r—- ;fl 1,x¢71 == ZD; 15,x¢00r5

5 Chapter 1



15. [f g]l(x) = flg(x) 21. [fo gl(x) = f(g(x))
=f(x+4% :f( 11)
=x+4°—-9 X
=22 +8+16—-9 =241
=x2+8x+7 S N |

g F1) = g(fx) o
=g(* - 9) =T x#1
=x-9+4 g ° f1(x) = ()
=x*—5 =gx+1)

16. [f g](x) = flg(x)) - ﬁ
= flx + 6) T
=3(x+6)— 7 =0x#0
1 3_17 22. Domain of f(x): all reals
B ?x * Domain of g(x): all reals
=5x—4 Domain of [f° g](x): all reals

[g° fl(x) = g(f(x)) 23. Domain of f(x): x # 0
= g(%x -7 Domain of g(x): all reals
:%x—7+6 8@ =0

7T—x=0
1
=5x—1 7=x

17. [fo gl(x) = flg(x)) Domain of [fo g](x) is x # 7.
i f(32xZ) 24. Domain of f(x): x = 2

2o /10 )7 33;(( _))4 Domain of g(x): x # 0

o fl(x) = g(f(x
(x) = 2
= gx — 4) g
= 3(x — 4)2 ix =2
= 3(x2 — 8x + 16) 1=8x
= 3x? — 24x + 48 1

18. [fo gl(x) = flg() . )
= f(5x2) Domain of [fo g](x) isx = g, x # 0.
— Gyl 25. x, = flxg) = 2)
= 25¢1 — 1 P P

g © f1@) = 8() ) %y = flxy) = f(7)
;ggz_l)z —9—Tor2
— 5(.’)(34 — 92 4+ 1) Xg = f(xg) if(z)
= 5xt — 1022+ 5 - =9-2ord

19. ° = ) “y

[f > &8l(x) - ;ggxl) P 26. x; = f(x,) = f(l)2
:2(x3+x2+1) :(1) + 1lor2
=923 + 222 + 2 Xy = fla)) = 1‘(2)2

g ° f1() = g(f(x) =@+ 1orb
= 8(2x) x3 = flxg) = f(5)
=203 + (202 + 1 = (5)2+ 1or26
=8x3 +4x2+1 2,5, 26

20. [f gl(x) = flg(x) 27. x; = flxg) = f(1)
:f(x2+5x+6) =1B8—-1)or2
=1+x>+5x+6 x, = f(x)) = f(2)
=x2+bx+7 ? 1=2(3—2)0r2

lg° fl(x) = g(f(x)) xg = flxy) = f(2)
=81 +x) =2(3 - 2)or2
=@+ 1)2+5x+1)+6 9.9 9 ( yor
=x2+2+1+b5x+5+6 T
=x2 + Tx + 12

Chapter 1 6



28. $43.98 + $38.59 + $31.99 = $114.56
Let x = the original price of the clothes, or
$114.56.
Let T(x) = 1.0825x. (The cost with 8.25% tax rate)
Let S(x) = 0.75x. (The cost with 25% discount)
The cost of clothes is [T ° S](x).
[T~ S](x) = T(S(x))
= T(0.75%)
= T(0.75(114.56))
T(85.92)
= 1.0825(85.92)
= 93.0084
Yes; the total with the discount and tax is $93.01.
29. Yes; If f(x) and g(x) are both lines, they can be
represented as f(x) = mx + b, and g(x) =
mgx + by. Then [fo g](x) = m (myx + by) + by
= mymyx + m;by + b,

Since m; and m, are constants, m;my is a
constant. Similarly, m,, b,, and b, are constants,
so myb, + b, is a constant. Thus, [f° g](x) is a
linear function if f(x) and g(x) are both linear.
30a. W, =W, — W,
=F,d —Fd
=dF, - F)
30b. W, = d(F, — F)
= 50095 — 55)
= 2000dJ
31a. A[f(x)], because you must subtract before
figuring the bonus
31b. A[f(x)] = h[f(400,000)]
= h(400,000 — 275,000)
= h(125,000)
= 0.03(125,000)
= $3750

32. (fo 9 = flglx)
=f(1 — x?
x2(x% + 1)
T 1w
= 22
=-1-x)+1
So, flx) = —x+ 1 andf(%) = 7% +1= %
33a. v() = 47 33b. r(0) = 0.840
33c. r(p) = r(v(p))
p
=)
~ 0.84(7)
588  147p

27 9T 1175

33d. r(423.18) = 14219

= $52.94

r(225.64) = “To2500

= $28.23
r(797.05) =+ L0

= $99.72

34a. I = prt
= 5000(0.08)(1)
= 400
I=prt
= 5400(0.08)(1)
= 432
I=prt
= 5832(0.08)(1)
= 466.56
I=prt
= 6298.56(0.08)(1)
= 503.88
I1=prt
= 6802.44(0.08)(1)
= 544.20
(year, interest): (1, $400), (2,$432), (3, $466.56),
(4, $503.88), (5, $544.20)
34b. {1, 2, 3, 4, 5}; {$400, $432, $466.56, $503.88,
$544.20}
34c. Yes; for each element of the domain there is
exactly one corresponding element of the range.
35. {(—1, 8), (0, 4), (2, —6), (5, =9)}; D = {—1,0, 2, 5};
R=1{-9, —6,4, 8}
36. D=1{1,2,3,4}; R =15, 6,17, 8}; Yes, every element
in the domain is paired with exactly one element
of the range.

(=4 +5
37. g(—4) = 2(=1)
_ -64+5
- —16
—59 11
= "1 0r 35 y
38.
X Y
-2 6
-1 3
0 0
1 3
2 6
3 9 oY X
30. fn—1D=20—-1%2-(n—1) +9

=22 -2n+1)—n+1+9
=2n2 — 5n + 12
The correct choice is C.

1-3 | Graphing Linear Equations

Page 23 Check for Understanding
1. m represents the slope of the graph and b
represents the y-intercept

2. 7; the line intercepts the x-axis at (7, 0)

3. Sample answer: Graph the y-intercept at (0, 2).
Then move down 4 units and right 1 unit to graph
a second point. Draw a line to connect the points.

Chapter 1



4. Sample answer: Both graphs are lines. Both lines
have a y-intercept of 8. The graph of y = 5x + 8
slopes upward as you move from left to right on
the graph and the graph of y = —5y + 8 slopes
downward as you move from left to right on the
graph.

5.3¢t—4(0) +2=0 30) -4y +2=0

3x+2=0 —4y+2=0
—4y = =2
1
y=7
6. x+20)—-5=0 0+2y—5=0
x—5=0 2y —5=0
x=5 2y =15
_5
2
y

7. The y-intercept is 7. Graph (0, 7).
The slope is 1.
4

0,7

oY  x
8. The y-intercept is 5. Graph (0, 5).
The slope is 0.

14}

1(0,5)

Chapter 1

9. 5x+6=0
%x= -6
x=—12
1o}’
g

-4 O «x
_4..

=12 -8

10. Since m = 0 and b = 19, this function has no
x-intercept, and therefore no zeros.

14
241

16}
8..

—4 -2 0] 2 4x

11a. (38.500, 173), (44.125, 188)

188 — 173
11b. m = 3795 58500

= % or about 2.667

11c. For each 1 centimeter increase in the length of a
man’s tibia, there is an 2.667-centimeter
increase in the man’s height.

Pages 24-25 Exercises
12. The y-intercept is —9. The slope is 4.

:::::?:f:::x

y=4x-9

13. The y-intercept is 3. The slope is 0.

"o,




14. 2x — 3y +15=0
—3y=—-2x—15
y = %x +5
The y-intercept is 5. The slope is %
£

2x—-3y+15=10

T T o
15, x—4=0
x=4

There is no slope. The x-intercept is 4.

14

16. The y-intercept is —1. The slope is 6.
y

y=6x—-1

17. The y-intercept is 5. The slope is —2.

S O.'W&j

18.y+8=0
y=-8
The y-intercept is —8. The slope is 0.
VL S
ol X
y+8=01

19. 2x +y =10
y=—2x
The y-intercept is 0. The slope is —2.
£
o) X
2x+y=0

20. The y-intercept is —4. The slope is %
4!

P

21. The y-intercept is 150. The slope is 25.

4

Y

5y = —2x + 8
2 8

Y=gty

14
~J 2x+5y=8
1 X
23.3x—y=17
—y=-3x+7
y=3x—-7

The y-intercept is —7. The slope is 3.

14,
Ix—y=17
4

Chapter 1



24.9x+5=0
9x = —5

5

x=—9

The y-intercept is 5.

25.4x—12=0
4x = 12
x=3
The y-intercept is —12.

26.3x+1=0
3x = —1

_ 1

=73

The y-intercept is 1.

27. 14x =0
x=0

The slope is 14.

f(x) = 14x

28. None; since m = 0 and b = 12, this function has
no x-intercepts, and therefore no zeros.

f(x)
Lo =12
8..
4..
oy x
29. 5x — 8 =0 - ffmf /
X) = 5x =
bx =8 8
* 8 +—t :2 + :(5:,0)
X =% -2 0 2 X
The y-intercept is —8. *g
-8
30.5x—2=0
bx = 2
_2
X=5%

31. The y-intercept is 3. The slope is —%.

—5x+3=0
—§x=—3
x=2

32. Sample answer: f(x) = 5; f(x) = 0

Chapter 1

33a. (1.0, 12.0), (10.0, 8.4)

_ 84-120
m=700-10
= % or —0.4
—(—0.4) = 0.4 ohms
12 —-v
33b. —0.4 = 10-20
12 —v
—-04 = o1
96=12—-v
v = 2.4 volts
9-17 2 1-9
34.m=","3 7T a- (-9
_ 2 2_ _-8
- =7 7T a+4
~92(a + 4) = —56
—2a — 8 = —56
—2a = —48
a=24
35a. (86.85, 90), (126.85, 100)
_ 100 — 90
M = 196.85—86.85
_ 10 1
T 40 0Ty

35b. For each 1 degree increase in the temperature,

L1 . .
there is a -pascal increase in the pressure.

35c. 100_.”/v
got

601

a0}

20]

OY 20 40 60 8 T
36. No; the product of two positives is positive, so for
the product of the slopes to be —1, one of the

slopes must be positive and the other must be
negative.
37a. 10,440 — 290t =0
—290t = —10,440
t =36
The software has no monetary value after
36 months.

37b. —290; For every 1-month change in the number
of months, there is a $290 decrease in the value
of the software.

37c. 4
10,000

8000

6000

4000

2000 1

oY 8 16 24 32 X



38. A function with a slope of 0 has no zeros if its
y-intercept is not 0; a function with a slope of 0
has an infinite number of zeros if its y-intercept is
0; a function with any slope other than 0 has
exactly 1 zero.

39a. (56, 50), (76, 67.2)

672 — 50
M = "76 ~ 56

=122 or 0.86

39b. 1805(0.86) = $1552.30

39c. 1 - MPC=1-0.86
=0.14

39d. 1805(0.14) = $252.70
40. (f+ @)(x) = 2x + x2 — dorx? + 2x — 4
(f — 8 = 2x — (x% — 4)

=—x2+2x+4
41a. 1 — 0.12 = 0.88
d(p) = 0.88p
41b. r(d) = d — 100
41c. r(d(p)) = r(0.88p)
= 0.88p — 100
41d. r(799.99) = 0.88(799.99) — 100
= 603.9912 or about $603.99
r(999.99) = 0.88(999.99) — 100

= 779.9912 or about $779.99

r(1499.99) = 0.88(1499.99) — 100
= 1219.9912 or about $1219.99
42. [f°8l(=3) = f(g(=3))
=f(=3-2)
= f(=5)
=(-52—4(-5) +5
=25+ 20 + 5 or 50
(g f1(=3) = &(f(=3))
=g((=3)? — 4(-3) + 5)
=g + 12 + 5)
= 8(26)
=26 —2or24
43. f(9) = 4 + 6(9) — (9)3
=4+ 54— T29 or —671
44. No; the graph fails the vertical line test.

45.
X Yy
-3 14
-2 13
0 11 (0, 11)}, yes
46. Let s = sum.
S
2 =15
s =60

The correct choice is D.

11

1-3g | Graphing Calculator Exploration:
Analyzing Families of Linear
Graphs
Page 26

1. See students’ graphs. All of the graphs are lines
with y-intercept at (0, —2). Each line has a
different slope.

2. A line parallel to the ones graphed in the Example
and passing through (0, —2).

3. See students’ sketches. Sample answer: The
graphs of lines with the same value of m are
parallel. The graphs of lines with the same value
for b have the same y-intercept.

1-4 | Writing Linear Equations

Page 29 Check for Understanding
1. slope and y-intercept; slope and any point; two
points
2. Sample answer:

Use point-slope Use slope-intercept

form: form.
y—y = mx—x) y=mx+b
1 1
y—(—4) =4x—3) —4=7,3)+0b
y+4=ix—% —%=b

x—4y—19=0 Substitute the slope
and intercept into the
general form.

1 19
Y= X Ty
Write in standard form.
x—4y—19=0
3. 55 represents the hourly rate and 49 represents

the fee for coming to the house.

-3-0
0-6

_ =3 1
R

4. m= y=%x73

5. Sample answer: When given the slope and the
y-intercept, use slope-intercept form. When given
the slope and a point, use point-slope form. When
given two points, find the slope, then use point-

slope form.
6.y=mx+bﬁy=—ix—10
9-2
7.y —2=4(x — 3) 8.m=+-—5
y—2=4x — 12 :%
y=4x—10 7
y—2=75(x—5)
7 35
yT2=5% Ty
7 31
YT ¥ T g

9.y —2=0(x—(-9)
y—2=0
y=2

10a. y =59x + 2

Chapter 1



10b. y = 5.9(7) + 2

=41.3 + 2 or 43.3 in.

10c. Sample answer: No; the grass could not support

it own weight if it grew that tall.

Pages 30-31

Exercises

1l.y=mx+b - y=5x—2

12. y = 5=8(x — (=7))
y—5=8x+ 56
y=8x + 61

13.y=mx+by=—x

14.y=mx+bay=—12x+%

15.y —5=6(ux —4)
y—5=6x—24

16. x = 12

y=6x—19
17. m = _987_51 y—5= —%(x— 1)
4 4 4
=4 y—5=-—g9x+y
4 49
y="gxt g
5
18. (=8, 0), (0, 5) y—0=3k—-(=8)
5-0 5
m=4_(g y=3x+5
_5
8
1-1
19. m = —3—5 y—1=0(x—8)
0 y—1=0
—7or0 y=1
20. x = —4 21.x=0
22.y — 0 = 0.25(x — 24)
y=0.25x—6

23.  y—(—4) = —5(x — (-2)
y+a=—3x—1
Tty +5=0
x+2y+10=0

x+ 2y=-10
-3-0
24. m = - (2
_ =3
- 3
=-1
y—0=—-1(x + 2)
y=-—x—2
x+y=-2
x — 7000
25a. t = 2 + T35
14,494 — 7000
25b. tZZ_‘FW

= 2 + 3.747 or 5.747; about 5.7 weeks
26. Ax + By+C=0
By=-Ax—-C
A c A
Y= "p* " BpM=T "B
27a. Sample answer: using (20, 28) and (27, 37),

37— 28 9
m=45"5 y — 28 = —(x — 20)
9 9 180
=7 y—28=qx =7
9 16
y=axt

Chapter 1
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27b. Using sample answer from part a,
9 16
y==719 +

171 16 187
=+ - or — or about 26.7 mpg

27c. Sample answer: The estimate is close but not
exact since only two points were used to write
the equation.

28a. See students’ work.

28b. Sample answer: Only two points were used to
make the prediction equation, so many points lie
off of the line.

29. Yes; the slope of the line through (5, 9) and (-3, 3)

is 733_795 or % The slope of the line through

(=3, 3), and (1, 6) is % or % Since these two

lines would have the same slope and would share
a point, their equations would be the same. Thus,
they are the same line and all three points are

collinear.
30.3x—2y—5=0 123
—2y=3—3x+55 3x-2y-|5=0
)

/_

31a. (1995, 70,583), (1997, 82,805)
82,805 — 70,583
1997-1999

12222 1y 6111; $6111 billion

31b. The rate is the slope.
32. glf(=2)] = g(f(=2))
=g((-2)%
=8(=98)
= 3(—8) or —24
33. (f- 9)) = f(x) - g(x)
=x3x2 - 3x+7)
= x% — 3x% + Tx3

f 3
(g)(x) = m, where g(x) # 0

m =

34.

x Y
—4 16
-3 9
—2 4 {(—4, 16), (=3, 9), (-2, 4)}, yes
2 1
71 y+17 y y
35.x—y y = 9
y2+1
_ y
- 2
_¥+1 1
SESL
_y2+1
-2

The correct choice is A.



Page 31
1. {—2, 2, 4}, {—8, —3, 3, 7}; No, —2 in the domain is

2. f(4) =7 — 42

Mid-Chapter Quiz

paired with more than one element of the range.
3

3.8n+2)=7"15-71

=T7—-160r9 3

T a4l

. Let x = original price of jacket
Let T(x) = 1.055x. (The cost with 5.5% tax rate)
Let S(x) = 0.67x. (The cost with 33% discount)
The cost of the jacket is [T ° S](x).
[T~ S](x) = T(S(x))
= T(0.67x)
= 1.055(0.67x)
The amount paid was $49.95.
45.95 = 1.055(0.67x)

43.55 = 0.67x
65 =~ x; $65
- [fe o)) = flstx)
=flx +1)
1
T xt1-1
1
=5,x#0
[g° 1) = g(f(x))
1
:g(x—l)
1
=__7+t1
__t o x-1
Tx—1 x—1
=xf1,x¢1
6. 2x — 4y =8 123
—4y = —2x + 8 T
1 et

>

y=5x—2 O/
/:21—4y=8

. 3x =2y y
3
X =Y
Ol .
X
x=2y
8.5x—3=0
5x = 3
3
X=5
8-5 3
.m=T y—5=5(x—-2)
3 3 6
=5 y—b=3x—73
19
—Fxty— 5 =

3x— 5y +19=0

10a. (1990, 6,478,216), (2000, 8,186,453)

8,186,453 — 6,478,216
2000 — 1990

= LIZT o about 170,823.7

10b. y—6,478,216 = 170,823.7(x — 1990)

y—6,478,216 = 170,823.7x — 339,939,163
y = 170,823.7x — 333,460,947

1.5 | Writing Equations of Parallel and

Pages 35-36
1.

Perpendicular Lines

Check for Understanding

If A, B, and C are the same or the ratios of the As
and the Bs and the Cs are proportional, then the
lines are coinciding. If A and B are the same and
C is different, or the ratios of the As and the Bs
are proportional, but the ratio of the Cs is not,
then the lines are parallel.

. They have no slope.
L4x+3y+19=0

— _4 x _15
y 3 3
_3

_4
304

. All vertical lines have undefined slope and only

horizontal lines are perpendicular to them. The
slope of a horizontal line is 0.

5. none of these 6. perpendicular
7.y=x—6 x—y+8=0
y=x+8
parallel
8.y=2x—38 4x — 2y —16 =0
y=2x—8
coinciding
9. y—9=5(x—5)
y—9=5x—25
5 —y—16=0
10. 6x — by = 24
6 24
Y= "5
5
¥y = (=5) = —5x — (~10))
y+5= —%x - 2—35
6y + 30 = —5x — 50
5x +6y +80=0
. 8-4 = 274
1. mof EF: m = — mof EH:m = g
4 2
=7or4 =-3
mofGH:m=% mofFG:m=$:i
—4 2
=—or4 = -3
parallelogram
Pages 36-37 Exercises
12. y = 5x —18 2x + 10y +10=0

y=—%x+1

slopes are opposite reciprocals; perpendicular

Chapter 1



13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

y—Tx+5=0
y=Tx—5

y—Tx—9=0
y=T7x+9
same slopes, different y-intercepts; parallel
different slopes, not reciprocals; none of these
horizontal line, vertical line; perpendicular
4.8¢x— 1.2y = 3.6
y=4x—3

y=4x — 3

same slopes, same y-intercepts; coinciding

4x — 6y = 11 3x+2y=9
2 11
Y =3~ %

Slopes are opposite reciprocals; perpendicular.

3 9
y:—§x+§

y=3x+2 3x+y=2
y=-3x+2
different slopes, not reciprocals; none of these
5x + 9y = 14 y=—§x+%
5 14
Y= Tgxt g

same slopes, same y-intercepts; coinciding

y+t4dx—2=0 y+4x+1=0
y=—4x + 2 y=—4x—1
same slopes, different y-intercepts; parallel
None of these; the slopes are not the same nor
opposite reciprocals.
Y= (=8 =2(x—0)
y+8=2x
20—y —8=0
4 4
m= —gory
Y= (=15) = §(x — 12)
y+15=gx— 5
9y + 135 = 4x — 48
4x — 9y — 183 =0
y = (=11) = 0(x — 4)
y+11=0
Y= (8= & -0
y+3= f%x
5y + 156 = —x
x+5y+15=0
m = —% or 6; perpendicular slope is —%
Y- (D= 5=
y+2= —%x + %

6y +12=—x+7
x+6y+5=0
x = 12 1is a vertical line; perpendicular slope is 0.
y = (=13) = 0(x — 6)

y+13=0

Chapter 1
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28a.

28b.

29a.

29b.

30a
30b
31.

32.

5y — 4x = 10
4x — By +10=0
4
Yy —8=5(—(-15)
y—SZ%x-i- 12
5y — 40 = 4x + 60
4x — 5y + 100 =0
. 5
perpendicular slope: —7
5
y- 8= 4~ (-15)
5 75
y—8=—3x—7
4y — 32 = —b5x — 75
bx +4y +43 =0

8x— 14y +3=0 kx—Ty+10=0
_ 8 4 _ k k
m = —jyory m = — g ory
4k
T=7-k=4
E_ T
7T 4
4k = —49

. Sample answer:y —1=0,x—1=0
. Sample answer: x —7=0,x—9 =0
altitude from A to BC:

_ —5-(=H)
mof BC=—3_72
:%orO

m of altitude is undefined; x = 7
altitude from B to AC:

-5-10

mof AC=——
:%1350165
m of altitude = —é

Y= (=5) = —5(c = 10)
y+5= —%x + 2
5y + 256 = —x + 10
x+5Hy+15=0
altitude from C to AB:

-5-10
m of AB = 0=7
-15
=3 or—5

m of altitude = %

1

y— (=5 =50—4)
y+5= %x - %
by +26=x—4

x—5y—29=0
We are given y = mx + b; and y = myx + b, with
m, = mgy and b; # by. Assume that the lines
intersect at point (x;, y;). Theny; = mx; + b;
and y; = myx; + b,. Substitute m,x, + b, for y; in
y1 = mox; + by. Then myx; + by = myx; + b,
Since m,; = my, substitute m, for m,. The result is
myx; + by = myx; + b,y. Subtract m,x; from each
side to find b; = b,. However, this contradicts the
given information that b, # b,. Thus, the



assumption is incorrect and the lines do not share
any points.
33a. Let x = regular espressos.
Let y = large espressos.
216x + 162y = 783 248x + 186y = 914

4 29 4 457
Y= 73Xt Y= 73Xt o3
No; the lines that represent the situation do not

coincide.
33b. Let x = regular espressos.
Let y = large espressos.

216x + 162y = 783 344x + 258y = 1247

Yes; the lines that represent the situation
coincide.
34a. (15, 1939.20), (16, 1943.09)
_1943.09 — 1939.20
16-15
=22 or 3.89
y — 1943.09 = 3.89(x — 16)
y — 1943.09 = 3.89x — 62.24
y = 3.89x + 1880.85
(16, 1943.09), (17, 1976.76)
_ 1976.76 — 1943.09
17-16
=228 o1 33.67
y — 1976.76 = 33.67(x — 17)
y — 1976.76 = 33.67x — 572.39
y = 33.67x + 1404.37
(17, 1976.76), (18, 1962.44)
_1962.44 — 1976.76
18 — 17
=12 o 14,32
y — 1962.44 = —14.32(x — 18)
y — 1962.44 = —14.32x + 257.76
y =-14.32 + 2220.2
(18, 1962.44), (19, 1940.47)
_ 1940.47 — 1962.44
19 - 18
=29 or 91,97
y — 1940.47 = —21.97(x — 19)
y — 1940.47 = —21.97x + 417.43
y = —21.97x + 2357.9
34b. parallel lines or the same line; no
34c. y = 3.89(22) + 1880.85
= 1966.43
y = 33.67(22) + 1404.37
= 2145.11
y = —14.32(22) + 2220.2
= 1905.16
y = —21.97(22) + 2357.9
= 1874.56
No; the equations take only one pair of days into
account.

35.y—5=—-2(x—1)
y—6=-2x+2
y=—-2x+7

36a. (40, 295), (80, 565)
_ 565 - 295

80 — 40
270

=0 Or6.75
y — 565 = 6.75(x — 80)
y — 565 = 6.75x — 540

y =6.75x + 25
36b. $6.75 36¢c. $25
37.3x —2y—6=0 y
_3
y=3x—3 3x—2y-6=0
S

38. [g° h](x) = g(h(x))
= g(x?)
=x2-1
39. Sample answer: {(2, 4), (2, —4), (1, 2), (1, —2),
(0, 0)}; because the x-values 1 and 2 are paired
with more than one y-value.

40. 2x+y=12 x+2y=-6

y=—2x+ 12 x+ 2(—2x + 12) = —6
x—4x+24=-6
—-3x=-30
x =10
2(10) + y = 12
y=-8

2x + 2y = 2(10) + 2(—8)
=20+ (—16)or 4

1.6 | Modeling Real-World Data with
Linear Functions

Pages 41-42 Check for Understanding

1. the rate of change

2. Choose two ordered pairs of data and find the
equation of the line that contains their graphs. Find
a median-fit line by separating the data into three
sets and using the medians to locate a line. Use a
graphing calculator to find a regression equation.

3. Sample answer: age of a car and its value

4a. Personal Consumption on Durable Goods

3500

3000 T3

2500

2000
Dollars

1500

1000

500

0
1995 1997 1999 2001 2003

Year
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4b. Sample answer: using (1995, 2294) and

(2002, 3158)
31582294
m = 9002~ 1995

= or 123.4

y — 3158 = 123.4(x — 2002)
y = 123.4x — 243,888.8
dc. y = 132.8x — 262,621.2; r ~ 0.98

4d. y = 132.8(2010) — 262,621.2
= 4306.8

$4306.80; yes, the correlation coefficient shows a

strong correlation.
5a. Students per Computer

25

20

15
Average

‘89 91 93 95 97 99 01
Year
5b. Sample answer: using (1997, 6.1) and (2001, 4.9)
4.9-6.1
M = 9001 - 1997
=2 or —0.3

y — 6.1 =-0.3(x — 1997)
y = —0.3x + 605.2
5c. y = —1.61x + 3231.43; r = —0.97

5d. 1= -1.61x + 3231.43
—3230.43 = —1.61x
2006.47 = x

2006; yes, the number of students per computer is

decreasing steadily.

Pages 42-44 Exercises
6a. All-Time NFL Coaching Victories
400
e L ]
. o
Wins 200 ] 8 e
0N
0 10 20 30 40
Years
6b. Sample answer: using (18, 170) and (40, 324)
_324-170
m="40-18
= % or 7
y — 324 = T(x — 40)
y="Tx+ 44

6c. y = 7.57x + 33.38; r = 0.88

6d. y = 7.57(16) + 33.38
= 1545

155; yes, r is fairly close to 1. (Actual data is
159.)

Chapter 1
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7a. Personal Income

35
30

Dollars 25 PR
(thousands) 20

15

o

1995 1997 1999 2001 2003
Year
7b. Sample answer: using (1995, 23,255) and
(2002, 30,832)

30,832 — 23,255
2002 — 1995

= or 1082.43

y — 23,255 = 1082.43(x — 1995)
y = 1082.43x — 2,136,192.85
7e. y = 1164.11x — 2,299,128.75; r ~ 0.99
7d. y = 1164.11(2010) — 2,299,128.75

= 40,732.35
$40,732.35; yes, r shows a strong relationship.
8a. Car Weight and Mileage
80
60 e
Average ° .
Mileage 40 $
20 [ ]
ie%

0 15 20 25 30 35
Weight (hundreds of pounds)

8b. Sample answer: using (17.5, 65.4) and

(35.0, 27.7)
217654
m=350-175
-37.7

=75 or —2.15
y —65.4 = —2.15(x — 17.5)
y = —2.15x + 103.0
8c. y = —1.72x + 87.59; r = —0.77
8d. y = —1.72(45.0) + 87.59
y = 10.19

10.19; no, r doesn’t show a particularly strong
relationship.

9a. Acorn Size and Range
30,000 >

Range 20,000 ®

(hundreds
of km?)

10,000

0
0 2 4 6 8 10 12
Acorn Size (cm®)



9b. Sample answer: using (0.3, 233) and (3.4, 7900)
7900 — 233
m="34-03
= T or 2473.23

y — 7900 = 2473.23(x — 3.4)
y = 2473.23x — 508.97
9c. y = 885.82 + 6973.14; r = 0.38

9d. The correlation value does not show a strong or

moderate relationship.

10a. Working Women

40
35
30 T

25

Percent in
Management 20
15

10
5

A
‘86 '88 '90 '92 '94 '96 '98 '00 '02 '04
Year

Sample answer: using (1990, 26.2) and

(2003, 37.6)
_ 37.6-262
™M = 2003 - 1990

=12 0r 0.88

y — 26.2 = 0.88(x — 1990)
y = 0.88x — 1725

y = 0.84x — 1648.27; r = 0.984
y = 0.84(2008) — 1648.27 or 38.45
38.45%; yes, r is very close to 1.

10b.

10c.
10d.

1a. World Population

7000

6000

5000

Millions 4000
of People 3000
2000 *

1000 .

0 [ ]

0 1000
Year
Sample answer: using (1, 200) and (2000, 6050)
6050 — 200

2000 -1

5850

= 999 OF 2.93

y — 200 = 2.93(x — 1)
y = 2.93x + 197.07
y = 1.65x — 289.00; r = 0.56
y = 1.65(2010) — 289.00
= 3027.5
3028 million; no, the correlation value is not
showing a very strong relationship.

2000

11b.

m =

1lc.
11d.

12a. Sample answer: the space shuttle; because
anything less than perfect could endanger the

lives of the astronauts.

17

12b. Sample answer: a medication that proves to help
delay the progress of a disease; because any
positive correlation is better than none or a
negative correlation.

12c. Sample answer: comparing a dosage of medicine
to the growth factor of cancer cells; because the
greater the dosage the fewer cells that are
produced.
13. Men’s Median Salary Women’s Median Salary
LinReg LinReg
y=ax+b y=ax+b

a = 885.2867133 a = 625.041958
b =-1,742,768.136 b =-1,234,368.061
r =.9716662959 r = .9869509009

The rate of growth, which is the slope of the
graphs of the regression equations, for the women
is less than that of the men’s rate of growth. If
that trend continues, the men’s median salary will
always be more than the women’s.
14a. Let x = computers.
Let y = printers.
24x + 40y = 38,736
y = —0.6x + 968.4
30x + 50y = 51,470
y = —0.6x + 1029.4
No; the lines do not coincide.
14b. Let x = computers.
Let y = printers.
24x + 40y = 38,736
y = —0.6x + 968.4
30x + 50y = 48,420
y = —0.6x + 968.4
Yes; the lines coincide.
15.  y—(=4) = —6(x —(-3))
y+4=—6x—18
6x+y+22=0
16a.

123 45X

16b. $24 billion

16c¢. If the nation had no disposable income, personal
consumption expenditures would be $24 billion.
For each 1 billion increase in disposable income,
there is a 0.82 billion dollar increase in personal
consumption expenditures.
17. [f° £(x) = flg@)
=flx+1)
=(x+ 1)3
=x3+3x2+3x+1
[g° /1) = g(fx))
= g(x?)
=x3+1
18. Yes; each domain value is paired with exactly one
range value.

Chapter 1



19. The y-intercept is 1.

The slope is —3 (move down 3 and right 1).

The correct choice is C.

1-7 | Piecewise Functions

Pages 48-49 Check for Understanding
1 _Jxifx=0
- f) = —xifx <0

2. reals, gven integers
x+2ifx=0
3. flx) =|xif0<x=14
x — 2ifx >4
4. Alex is correct because he is applying the
definition of a function.

5. y
O X
6 y
@) X
7.
x fx)
—-3=x< -2 3
—2=x<-1 2
-1=x<0 1
0=x<1 0
1l=x<2 -1
2=x<3 -2
3=x<4 -3
4=x<5b —4
y
O X

Chapter 1

8. x f(x) y

w o |—]o
—lol=|o]w
)

50nif [[A]] = h

9. greatest integer function; A is hours, c(h) is the

cost, c(h) = 50[[h + 1]]if [[A]] < A
. ) 4
400
2<x=3 150 360
3<x=14 200 200
1490
O 214

10. long term lot:
2(6) + 3(1) = 12 + 3 or 15
shuttle facility:
4(3) = 12
shuttle facility

Pages 49-51 Exercises

11. y
X
12.
x| f@ Y
1 4
3 2
5 0
7 2
9 4
/6)
13.
x f) y
—-2=x<-1 0
—-1=x<0 1
0=x<1 2
1=x<2 3 o)
2=x<3 4

18




14.

15.

16.

17.

x £(x) \ y /
-5 7
-3 3
—-1.5 0
0 3
2 7
O X
x fx)
—2=x<-1 -3
-1=x<0 -2
0=x<1 -1
l=x<2 0
2=x<3 1
y
L o8l X
y
Q X
x fx)
0 6
1 4
2 2
3 0
4 2
1914 1
/
(0] X

19

18.

19.

21.

x f(x)
1=x< 2 3
—§£x<—% 2
—3=x<0 1
O=x<73 0
%£x<§ -1
2<x<1 -2

y
J o X
4 20.
y
X
o

x fx)
s=x<-4 | -3
—4=x<-3 | -3

2
—3=x< -2 -3
—2=x< -1 ~1
—1=x<0 —2
1=x<2 2
2=x<3 1
3=x<4 %
4=x<5 5
5=x<6 2
y
1 —(
0
*—q O X
*—q —
—Q
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22. N ) y
-5 6 N y
-3 0 \ /1\ /
-1 6
0 9 \ / \ /
1 6
3 0 \/ \l/
2 6 o X

23. Step; ¢ is the time in hours, c(¢) is
the cost in dollars,

Heift=y
O a1

c) = 10if5<t=1
5161f1<t52
O24if2<t=24

d(t)
24

16

8

¢

O 2 4 6 8 10 12 14 16 18 20 22 24t

24. Greatest integer; w is the weight in ounces, c(w) is
the cost in dollars,
- {0.37 +0.23w — 1) if [[w]] = w
€@ = 10,57 + 0.230[w]] if [[w]] < w

x ) ”f’ =
0<x<1 0.37 NS RRS

1 0.37 -
l<x<2 0.60 Y

2 0.60 i
2<x<3 0.83 02

3 0.83 5 >

25. Absolute value; w is the weight in pounds, d(w) is
the discrepancy, d(w) = 01 — wlO

d(w)
x fx) /
0 1
1 0
2 1
3 2
/
o w
26a. step

26b. v is the value of the order, s(v) is the shipping,
H3.50 if 0.00 = v = 25.00
_ 05,951 25.01 = v = 75.00
s(v) =0 ,
07.95if 75.01 = v = 125.00

E9.95 if 125.01 = v

Chapter 1

26¢.

Shipping
(dollars)

O 25 50 75 100 125 150

Value of Order
(dollars)

27. If n is any integer, then all ordered pairs (x, y)
where x and y are both in the interval [n, n + 1)
are solutions.

28a. absolute value 28b. d(t) = 065 — tO

28c. d(t)
0
\\
0N
AN OB EY
40 \\ (XS 7
\\ /4
20 N 7
\\ /
\/
2040601801

28d. d(63) = 065 — 630or 2

d(28) = 065 — 280 or 37

2;737 = 19.5 heating degree days

29a. step
b% if x = $10,000
29b. t(x) = %.5% if $10,000 < x = $30,000
.3% if x > $30,000

29c. y

10
Tax
Rate

(percent) 5

0 10 20 30 X
Income
(thousands of dollars)

29d. 9.5%

30. No; the functions are the same if x is positive.
However, if x is negative, the functions yield
different values. For example, [g° f](1.5) = 1
and [f° g](1.5) = 1; [g° f](—1.5) = 2 and
[fegl(=1.5) = 1.



3la.

31b.

3lc.
31d.

Public Transport

60
501
Percent who use  40[”
public transportation 30} e o
20 *
10} .

o ®
0 o | | | | | )

0O 5 10 15 20 25 30 35

Working Population
(hundreds of thousands)

Sample answer: using (3,183,088, 53.4) and

(362,777, 3.3)
3.3 — 53.4
362,777 — 3,183,088

= — T or 0.0000178

y — 53.4 = 0.0000178(x — 3,183,088)
y = 0.0000178x — 3.26

y = 0.0000136x + 4.55, r = 0.68

y = 0.0000136(307,679) + 4.55

y =873

8.73%; No, the actual value is 22%.

m =

32. y—2=2x—4)
y—2=2x—-8
2c—y—6=0
15— 29
33a. (39, 29), (32, 15) 33b. m = 5,5,
-14
=—-or2

33c

=7

. The average number of points scored each

minute.

34. p(x) = (r — 0)(x)

35.

36.

37.

= (400x — 0.2x%) — (0.1x + 200)
= 399.9x — 0.2x% — 200
Let x = the original price, or $59.99.
Let T(x) = 1.065x. (The cost with 6.5% tax rate)
Let S(x) = 0.75x. (The cost with 25% discount)
[T"> S](x) = (T(S(x))
= (T(0.75x))
= (T(0.75(59.99))
= (T(44.9925)
= 1.065(44.9925)
= $47.92
{=7,-2,0,4,9};{-2,0, 2, 3, 11}; Yes; no element
of the domain is paired with more than one
element of the range.

5 X 6'2 = 10,883,911,680

5+ 612 =2176,782,341

So, 5 + 612 is not greater than 5 X 612.
The correct choice is A.

1-8 | Graphing Linear Inequalities
Pages 54-55 Check for Understanding
l.y=2x—6

2. Graph the lines —3 = 2x + y and 2x + y = 7. The
graph of —3 = 2x + y is solid and the graph of
2x + y = 7 is dashed. Test points to determine
which region(s) should be shaded. Then shade the
correct region(s).

3. Sample answer: The boundaries separate the
plane into regions. Each point in a region either
does or does not satisfy the inequality. Using a
test point allows you to determine whether all of
the points in a region satisfy the inequality.

4. y
X
N
N
N
N
N\
AY
N
\
O A X
N
XHy<4] T
N
5 y 1
/
@) X
/
X—-lysh
/
/
4
6. x4y
X
N
N TI<k+y=9
N
N
N\
\\;
N
N
Q AS X
N
7 y
Y. A
N 7/
N 7/
N 7/
N 7/
N | 7
o X
y<Ikx+3
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8a. c(m) =45+ 0.4m
8b. ¢(m)
70

60

50

40

30

20

10

o 20 40 60 80 100 m
8c. Sample answer: (0, 45), (10, 49), (20, 50)

Pages 55-56 Exercises
9. y
y<3
6} X
10. VA |7
7/
/7
/7
4
,/
7
/
‘ 6} X
7/
¥ I XTy>75
1.y
X+ 4y =
~
I~
N
0 X
T~
12 (| |y 13. y
\\
X Ty<2x—1 al |
\ Y= ﬁ) +% =
\ 1
N [6) X =
N ol
\ (@) X
y

Chapter 1
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14.

15.

17.

18.

19.

20.

<

A

A}

y
O X
“4<xr-y=5H
y 16.
=il
o X
A5 y L4
Sy =(Ixl+H 4 ’
N 7
\
N 4
N\ 4
N 4
N 4
o X
y A
L} /
N /
\\ Vi
. 4
\ Vi
\ / ly<12x |+ 8l
\ /
N7
/|
(@) X
12
AY
X N
—8 <= 2+ J<b
\
\
@) \ X
AY
\\
\
N \
y Ed
Ix+38l<y—1 4
7/
* 7
A ’
N
O X




21.

<
o
VIV
oo

22.

Sobeih |

23a.

23b.

23c.
23d.

24.

25a.
25b.

26a.

>
<
>

oo
S

10X

S
o+

—t—t
- —————— ]S

8x + 10y = 8(60)

8x + 10y = 480
y
80

60
40 PN

N

20

O 20 40 60 80 Xx

Sample answer: (0, 48) (60, 0), (45, 6)

Sample answer: using complex computer
programs and systems of inequalities.

y

Iyl = x

points in the first and third quadrants

If x and y satisfy the inequality, then either
x=0andy=0orx=0andy=0.Ifx=0and
y = 0, then (k00 = x and Oyd = y. Thus,

(kO + Oyd = x + y. Since x + y is positive,

ke +yOd=x+ y.

Ifx=0andy =0, then (k0= —x and OQyO = —y.

Then kO + yO = —x + (—y) or —(x + y). Since
both x and y are negative, (x + y) is negative,
and [x + yO= —(x + y).

1 1 1
m—xDS%;MX—yDSE

26b. y

4252 1

425 1

4.248 1

<

V— + +
O 7998 8 8.002 X

27a. 0.6(220 — @) = r =< 0.9(220 — a)

27b. r
200
T~
T~
1006 (220 + 4) < 1 <|0)9 (220>
100 e ———

(0] 10 20 30 40 50 60 70 a

28a. step
28b. Let c(h) represent the cost for A hours.

_[B5RiE[[A]] = A
Then c(h) _{55[[11 + 1L [[A]l < A
28c. y
275
220
165
110
55
O 12345 x
Hours
29a. 3x — y = 10
=3x— 10
y—(=2) = 3(x — 0)
3x—y—2=0

29b. perpendicular slope: —é
1
y—(=2)=—3(x—-0)

y+2=—3x
3y+6=—x
x+3y+6=
7-4 3
30. m =5 y—T7=7(x—-5)
3 3 1
=3 y=4x T3y
31a. (0, 23), (16, 48);
_ 48-23
m="1-0

=22 or 15625

31b. the average change in the temperature per hour
39 95— 9% 59,049 — 6561
8 8
= 2228 51 6561 or 9

The correct choice is E.

Chapter 1



Chapter 1 Study Guide and Assessment

Page 57 Understanding the Vocabulary
l.c 2. f
3.d 4. g
5.1 6. a
7.h 8.j
9. e 10. b
Pages 58-60 Skills and Concepts
11. f(4) = 5(4) — 10
=20 — 10 or 10
12. g(2) = 7 — (2)2
=T7—4o0r3

13. (—3) = 4(—3)2 — 4(-3) + 9
=36+ 12+ 9or 57
14. h(0.2) = 6 — 2(0.2)3
=6 — 0.016 or 5.984

15. g(g) = 5(

16. k(4c) = (4¢)% + 2(4c) — 4
=16¢2 + 8 — 4
17. fim + 1) = Om + 1)2 + 3(m + 1O
=0Om2+2m+ 1+ 3m + 30
= Om?2 + 5m + 40
18. (f + 9)(x) = flx) + g(x)
=6x—4+2
=6x — 2
(f — 9 = flx) — g(x)
—6x—4— (2
=6x—6
- 9 = f(x) - gx)
= (6x — 4)(2)
=12x — 8
flx)
( )( %) = g0
6x 4
2
=3x— 2
19. (f + @) = flx) + g(x)
Z+ax+x—2

X2+ 5x — 2
(f —9)x) = flx) — gt
=x2+4x — (x— 2)
=x2+3x+2
(f- @) = fx) - g)

= (x2 + 4x)(x — 2)
=x3 + 222 — 8

f),
( >(x) g(x
= xx - ;x x + 2

Chapter 1
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20. (f + 2)(x) = fx) + g(x)
=4 —x2+3xord + 3x — x?
(f — 9 = flx) — gx)
=4 — x2 — (3x)
=4 —3x—x2
(- 9 = f(x) - gx)
= (4 — x%)(3x)
= 12x — 3x3
flx)
)
= 4; ,x#+0
21. (f + 9)@) = flx) + g(x)
=x2+Tx+12+x+4
=x?+ 8x+ 16
(f — 9 = flx) — g(x)
=x2 4+ Tx +12 — (x + 4)
=x2+6x+8
(f- @) = fx) - g)

= (2 + Tx + 12)(x + 4)
= x3 + 11x2 + 40x + 48

i( _ f®
P AT

22. (f + 9)(x) =

(f_

(f .

(-2
23. f + 9(x) =

(f_

(f .

g

2+ Tx+ 12
- x+4
 x+HE+3)
- x+4

=x+3,x+ —4
fx) + g(x)
=x2-1+x+1
=x2+x
Q) = flx) — gx)
x2—1—-(x+1)
x2—x—2
8)x) = flx) - g(x)
=@ -+ 1)
=34+ x2—-x-1

-1
T ox+1
=D+ 1
- x+1

=x+1,x# —1
fx) + g(x)
=x2 —dx +

x3 — 8xZ + 16x + 4
x—4

:x2—4x+ﬁ,x¢4
) = flx) — gx)

Il
8

to

|
S~
2

|

x—4

¥ — 8x% + 16x — 4
x—4

R 4
=x 4x x_4,x¢4

8) = f(x) - g(x)

=4dx,x * 4
fx)
()—%
x2 — 4x
= 1 or
x—4

x5 — 8x% + 16x
4

,XxF 4



24.

25.

26.

27.

28.

29.

30.

[f e g](x) = flg(x)
= f(2x)
= (202 — 4
=42 -4

[g° fl(x) = g(f(x)
= g(x® — 4)
= 2(x? — 4)
=2x2 -8
[f o gl(x) = flg(x))
= f(3x%)
=0.5(3x%) + 5
=15x2+5
[g° flx) = g(f(x))
= g(0.5x + 5)
= 3(0.5x + 5)2
=0.75x2 + 15x + 75

[f ° gl(x) = flg(x))
= f(3x)
=28x)2+ 6
=18x2 + 6

(g f1(x) = g(f(x))
= g(2x% + 6)
= 3(2x% + 6)
= 6x2 + 18

[f e g](x) = flg(x)
=f(x2—x+1)
=6+ @2—x+1)
=x2—x+17

[g° f1(x) = g(f(x))
=86+ x)
=B+x2—-(6+x)+1
=x2+ 11x + 31

[f ° 8l(x) = flg(x))
=flx+1)
=@x+12%2-5
=x2+2x—4

(g fl(x) = g(f(x))
= g(x* - 5)
=x2-5+1
=x2 -4

[f ° gl(x) = flg(x))
= f(2x2 + 10)
=3 — (222 + 10)
=222 -7

[g o f1(x) = g(f(x))
=8B — )
=208 —-x2+ 10
= 2x2 — 12x + 28

Domain of f(x): x = 16

Domain of g(x): all reals

8(x) =16
5—x=16
x=-—11
Domain of [f° g](x) is x = —11.

25

31. The y-intercept is 6. The slope is 3.

s{V
1/
~Vy=3x+6
U
—6 FYO 6 | 1ox
32. The y-intercept is 8. The slope is —5.
MY
NVE8-bx
O
M\
\
-4 O A 4 IX
33.y—15=0
y=15
The y-intercept is 15. The slope is 0.
y
P yr15=0

fal
U

10 10O 101X

34.0=2x—y — 17
y=2x—1
The y-intercept is —7. The slope is 2.

Y R
o X

y
35. The y-intercept is 0. The slope is 2.

A LA

y=2x

36. The y-intercept is —2. The slope is —8.

Chapter 1



317.

38.

39.
41.

42.

43.

44.
46.

47.

48.

49.

Tx+ 2y =-5
7 5
Y= ¥ T3
The y-intercept is 7%_ The slope is f%.
x|y
\

x\+Ry=—

o

The y-intercept is —6. The slope is i.
y
—4 0] 2 X
y=[x-[6 ~
Lt
y=2x—3 40.y=—x+1
1
y—2=5k&—-(-5)
y—2=%x+%
1 9
y=xty
_ 5-2
m =9 "(4
3 1
=5o0ry

y:%x-i-él
1, 0), (0, —4)
-4-0
m="0-1
:%0r4
Y= (4 =40
y+4=A4x
y=4x—4
y=-1 45.y=0
y—0=01(x—-1)
y=0.1x—0.1
y—1=1x—-1)
y—1l=x-1
x—y=0

y—6=3@— (1)

y76=§x+é

3y —18=x+1
x—3y+19=0
m=—%0r—2

y=2= -2~ (-3)

y—2=-2x—6
2c+y+4=0

Chapter 1
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50. y — (—8) = 5(x — 4)
y+8=5x—2
2y +16=x— 4
x—2 —20=0

51. m = —é or 2, perpendicular slope is —é
1
y—4=—k-1)
y—4= —éx + %
2y —8=—x+1
x+2y—9=0
52. x = —81s a vertical line; perpendicular slope is 0.
y—(=6)=0(x—4)
y+6=0
53a. Overseas Visitors
28
L]
e o 9
[ ]
21
[ ]
Visitors
(millions) 4
7

1994 1996 1998 2000
Year

53b. Sample answer: using (1994, 18,458) and

(2000, 25,975)
25,975 — 18,458
2000 — 1994

=B or 1252.8

y — 25,975 = 1252.8(x — 2000)
y = 1252.8x — 2,479,625
53c. y = 1115.9x — 2,205,568; r = 0.9441275744
53d. y = 1115.9(2008) — 2,205,568
= 35,159.2

35,159,200 visitors; Sample answer: This is a

good prediction, because the r value indicates a

strong relationship.

54. f(x)

m =




55.

h(x)

56.

f(x)

WIN |~ |O

57.

f(x)

ool TN [N N

58.

f(x)

Oy | DO | >

59.

A

g(x)4 | 4
A /
\L |l
g(x)|=141
\|/
0]
k()
(@)

27

60. .

61.

62.

63.

65.

66.

X<h
y
O X
=1
4 2y —|x =
y
o X
IXT
V4
A<xd|-2
P4
7
O X
A d
y
7/
N /
\| v
N /|
N
N 7/
7/
o
<Ix—|2I

64.

~\

X>2

\\
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Page 61 Applications and Problem Solving
67a. d = 5(20)(1)?
=10
d = 3(20)(2)?
=40

d = 5(20)(3)?
=90

d = 5(20)(4)?
=160

d = 5(20)(5)?
=250

10 m, 40 m, 90 m, 160 m, 250 m

67b. Yes; each element of the domain is paired with
exactly one element of the range.
68a. (1999, 500) and (2004, 636)

636500
™M = "9004 — 1999

= 2% or 27.2; about $27.2 billion
68b. y — 500 = 27.2(x — 1999)
y = 27.2x — 53,872.8
69. y = —0.284x + 12.964; The correlation is
moderately negative, so the regression line is
somewhat representative of the data.

Page 61 Open-Ended Assessment
1. Possible answer: f(x) = 4x — 4, g(x) = x2;
[f o gl() = flg(x)) = 4(x?) — 4 = 44 — 4
2a. Noj; Possible explanation: If the lines have the
same x-intercept, then they either intersect on
the x-axis or they are the same line. In either
case, they cannot be parallel.
2b. Yes; Possible explanation: If the lines have the
same x-intercept, they can intersect on the
x-axis. If they have slopes that are negative
reciprocals, then they are perpendicular.
_MWMifx<4
x—4ifx =4
k—lifx<—1
3b. YT B+ 1ifx= -1

3a. y

Chapter 1
SAT & ACT Preparation

Page 65 SAT and ACT Practice

1. Prime factorization of a number is a product of
prime numbers that equals the number. Choices

A, B, and E contain numbers that are not prime.

Choice C does not equal 54. Choice D, 3 X 3 X 3
X 2, is the prime factorization of 54. The correct
choice is D.

Chapter 1
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2. Since this is a multiple-choice question, you can

try each choice. Choice A, 16, is not divisible by 12,
so eliminate it. Choice B, 24, is divisible by both 8
and 12. Choice C, 48, is also divisible by both 8
and 12. Choice D, 96, is also divisible by both 8
and 12. It cannot be determined from the
information given. The correct choice is E.

. Write the mixed numbers as fractions.

1 3
3= 255
Remember that dividing by a fraction is
equivalent to multiplying by its reciprocal

1

4= 13

—g 3 13 3

3 =13 =+ X5 =

2; - 3 713

The correct choice is B.

w|o

. Since this is a multiple-choice question, try each

choice to see if it answers the question. Start with
10, because it is easy to calculate with tens. If 10
adult tickets are sold, then 20 student tickets
must be sold. Check to see if the total sales
exceeds $90.

Students sales + Adult sales > $90

20($2.00) + 10($5.00) = 40 + 50 = $90

So 10 1s too low a number for adult tickets. This
eliminates answer choices A, B, C, and D. Check
choice E. Eleven is the minimum number of adult
tickets.

19($2.00) + 11($5.00) = 38 + 55 = $93
The correct choice i1s E.

. Recall the definition of absolute value: the number

of units a number is from zero on the number line.
Simplify the expression by writing it without the
absolute value symbols.

O0-70="7

-0-70= -7
—-0-70-0-50-30-40=-7—-5—-12 = —-24
The correct choice is A.

. Write each part of the expression without

exponents.
(9% =16
_ 1 1
@t =51=1
1 3 13 13
16+ 5+ 7 =16+ 15 =164

The correct choice is A.

. Use your calculator. First find the total amount

per year by adding.

$12.90 + $16.00 + $18.00 + $21.90 = $68.80
Then find one half of this, which is the amount
paid in equal payments.

$68.80 +~ 2 = $34.40

Then divide this amount by 4 to get each of 4
monthly payments.

$34.40 + 4 = $8.60.

The correct choice is A.



8. First combine the numbers inside the square root 10. First find the number of fish that are not tetras.
symbol. Then find the square root of the result. (é)(24) or 3 are tetras. 24 — 3 or 21 are not

V64 + 36 = V100 = 10

o tetras. Then % of these are guppies.
The correct choice is A.

2
9.60=2x2X3X%X5 (3)(21)—14
=922Xx3X5 The answer is 14.

The number of distinct prime factors of 60 is 3.
The correct choice is C.
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Chapter 2 Systems of Linear Equations and Inequalities

Solving Systems of Equations in

2-1 .
Two Variables
Page 69 Graphing Calculator Exploration
1. (1, 480)
2. 3x — 4y = 320 y="2x—80
5x + 2y = 340 y = —2x + 170

(76.923077, —22.30769)

3. accurate to a maximum of 8 digits

Page 70
1.

.bx — Ty =170

.2y +3x=6

y=%x—10

10x — 14y = 120 y=2%-%

Inconsistent; error message occurs.

. See students’ systems and graphs; any point in

TRACE mode will be the intersection point since
the two lines intersect everywhere.

Check for Understanding
Sample answer:
4x + Tx = 21

y=2x—1
The substitution method is usually easier to use
whenever one or both of the equations are already
solved for one variable in terms of the other.

. Sample answer: Madison might consider whether

the large down-payment would strap her
financially; if she wants to buy the car at the end
of the lease, then she might also consider which
lease would offer the best buyout.

. Sample answer: consistent systems of equations

have at least one solution. A consistent,
independent system has exactly one solution; a
consistent, dependent system has an infinite
number of solutions. An inconsistent system has
no solution. See students’ work for examples and
solutions.

y = f%x + 3
4y =16 — 6x y=—sx+4
Inconsistent; Sample answer: The graphs of the
equations are lines with slope —%, but each

equation has a different y-intercept. Therefore,
the graphs of the two equations do not intersect
and the system has no solution.

(1,3)

Chapter 2

30

7.

8.

9.

10.

no solution

Tx+y= 9 Tx+y=9
5bx —y =15 72)+y=9
12x =24 y=-5
x=2 2, —5)
3x +4y=-1 3x +4y= -1
26x —2y)=238) 12x—4y= 6
15x= 5
1
r*= 3
3x + 4y = —1
3(3) + 4y =1
4y = =2
ot B}
30(§x - %y) = 30(—4) 10x — 45y = —120
—9(5x — 4y) = —2(14)  —10x+ 8y = —28
—37y = —148
y=4
bx —4y = 14
Bx — 4(4) = 14
5x = 30
x =6 (6, 4)
Let b represent the number of baseball racks and
k represent the number of karate-belt racks.
b = 6k b =6k
3b + 5k = 46,000 = 6(2000)
3(6k) + 5k = 46,000 = 12,000
23k = 46,000
k = 2000

12,000 baseball, 2000 karate

Pages 71-72 Exercises

11. x + 3y = 18 y=—3x+86
—x+2y=1 h y=éx+%
consistent and independent

12. y = 0.5x y = 0.5x
2y=x+4 _’ y = %x + 2
inconsistent

13. —35x + 40y = 55 y=ax b g
Tx =8y — 11 - y=%x+18l

consistent and dependent



15. 1Z x=4 25. 2(—3x + 10y = 5) —6x + 20y = 10
. 3(2x + Ty = 24) - 6x + 21y = 72
1 41y = 82
) R 2x + Ty = 24 y=2
_ _ 2x + 7(2) = 24
] x=5 (5, 2)
26. 2x —y= -1 x=2y—8
4, -3) 22y —8) —y=-7 x=2(3)—8
3y=9 x=—2
y=3 (=23
27. 32x + 5y) = 3(4) 6x + 15y = 12
—2Bx +6y) = —2(6) T —6x— 12y = —10
3y = 2
2x + by = y = %
2x + 53] = 4
2x = %
19. _1 12
X=73 <3, 3)
28. 5(%36 - %y) = 5(1) 3x — gy = 5
A dy=1 42y =11
1*56x =16
x=5
1 5
©, —2) 0, 3) X+ ey =11
_ 8y = _3._5 1 5
20. 3x — 8y =10 = y—ff 35 =(5) + gy =11
16x — 32y = 75 Y= X~ 3y %y:lo
Copsistgnt and ipdependent; if each equation is y =12 (5, 12)
x()iv.gtten 1n1slope-1n}1;1§r}clept form, hthey %i{\./e 29. 7(4x + 5y) = 7(~8) 928x + 35y = —56
1fferent s ppes, which means they will intersect 5(3x — Ty) = 5(10) - 15x — 35y = 50
at some point. 43x _66
21. 3(bx — y) = 3(16) 15x — 3y = 48 dx + 5y = —8 x=—73
2x+ 3y =3 - 2x +3y= 3 6 _
T7x =51 4(‘4:%) + by =-8
— 320
x=3 By = "4
5x —y =16 _ 64 _ 6 64
53) —y =16 Y= T3 ( 43> 43)
—y=1 30. —2(3x — y) = —2(—9) —6x + 2y = 18
y=-1 3, -1) 4x — 2y = —8 7 4x—2y= -8
22, 3x — 5y = -8 3x—5y= -8 —2x =10
~3x+2)=-31) 7 -3x-6y= -3 Bx—y=-9 x=-5
—11y = —11 3(-=5) —y=-9
x+2y=1 y=1 —y=6
x+21) =1 y=-6  (=5,-6)
x=—-1 (-1, 31. Sample answer: Elimination could be considered
23. x=45+y y=6—x easiest since the first equation multiplied by 2
x=45+6 — x y=6-525 added to the second equation eliminates b;
2% = 10.5 y=0.75 substitution could also be considered easiest since
% =595 (5.25, 0.75) the first equation can be written as a = b, making
24. 5(2x + 3y) = 5(3) 10x + 15y = 15 substitution very easy.
126~ 15y = -4 ~  12x— 15y =—4 a-b=0 3a +2b = —15
%o = 11 a= 3(b) +2b=—-15
_ 1 56 = —15
21x+3y—3 X =5 b=_3
2(5)+3y=3 a—b=
—(-3) =
3y =2 a—(
_2 (12 a=-3 (=373
Y= (2’ 3) 32a. B
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32b

33a.

33b
34.

35a.

35b.

35c¢.

36a.
36b.
36c¢.

37.

Cha

.S—-4V=0
S =4V

S + V= 30,000
4V + V = 30,000
5V = 30,000
V = 6000
S—-4V=0
S — 4(6000) = 0
S — 24,000 =0
S = 24,000
Spartans: 24,000; visitors: 6000
Let b represent the base and ¢ represent the leg.
Perimeter of first triangle: b + 2¢ = 20
Perimeter of second triangle: 6 + b + ¢ = 20
b+ 2¢=20
b=20—-2¢
6+b+€¢=20
6+ 20— 2¢+4¢=20
—{=-6
{=6

b+ 2¢=20
b+ 2(6) = 20
b=28

6,6,8,6,6,8
. isosceles
y—(=3)=4(x -4
y=4x—19
1
Y-y = -9
y= —ix -2
Let x represent the number of refills. Then,
x + 1 = number of drinks purchased.
C =295+ 0.50x
C =0.85+ 0.85x
C=2.95+ 0.50x
0.85 + 0.85x = 2.95 + 0.50x
0.35x = 2.1
x=6
C =295+ 0.50x
C = 2.95 + 0.50(7) or 5.95

x+1=7

(7, 5.95)

If you drink 7 servings of soft drink, the price for
each option is the same. If you drink fewer than
7 servings of soft drink during that week, the
disposable cup price is better. If you drink more
than 7 servings of soft drink, the refillable mug
price is better. See students’ choices.

Over a year’s time, the refillable mug would be
more economical.

H
Lo |a o

[
I
~

e oo oo

#f

Let x represent the full incentive.

P

Let y represent the value of the computer.

x =516 +y
=264 +y
22y = 264 + y

32516 + y) = 264 + y

451.5 + 0.875y = 264 + y
y = $1500

pter 2
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38

39.

40.

41

42
43

44

45

. Let x represent the number of people in line
behind you. 200 + x represents the number in
front of you. Let € represent the whole line.

200+ x+1+x=¢

€= 3x
200+ x+ 1+ x = 3x { = 3x
201 = x ¢ = 3(201)
603 people = 603
f(x]
-2 1
-1 -1
0 -3 0
1 -1
= 2Ixl—
2 1 f(x) =2Ix|-3
.y—6=2x-0)
y=2x+6
. $12,500
- [feogl(x) = flg(x))
= flx + 2)
=3(x+2) -5
=3x+1

. {18}, {—3, 3}; no, because there are two range
values paired with a single domain value.

=Vi

=1
The correct choice is A.

2-2

Solving Systems of Equations in
Three Variables

Page 76

1

Check for Understanding

. Solving a system of three equations involves
eliminating one variable to form two systems of
two equations. Then solving is the same.



2. The solution would be an equation in two
variables. Sample example: the system 2x + 4y
+6z=12,x+ 2y + 3z =6,and 3x — 5y — 6z =
27 has a solution of all values of x and y that
satisfy 5x — y = 39.
2x + 4y + 6z = 12
3x — by — 62z = 27

—2(x + 2y + 32) = —2(6)
—2x — 4y — 6z = —12

bx — y =39 1
—2x — 4y — 6z =—12
2x + 4y + 6z= 12
0= 0
all reals

3. Sample answer: Use one equation to eliminate one
of the variables from the other two equations.
Then eliminate one of the remaining variables
from the resulting equations. Solve for a variable
and substitute to find the values of the other
variables.

4. 4(4x + 2y + 2) = 4(7) 2(4x + 2y + 2) = 2(7)
2x + 2y — 4z = —4 x+3y—2z=-8

! !
16x + 8y + 4z = 28 8x + 4y + 2z= 14
2+ 2y —4z=—4 x+ 3y —2z=—8

18x + 10y = 24 9x + Ty = 6

18x + 10y = 24 18x + 10y = 24

—209x + Ty) = —2(6) — —18x— 14y = —12

—4y = 12

y=-3
9x + Ty = 6 dx+ 2y +2z=17
9x + 7(—=3) =6 43) +2(=3) +z=17
x=3 z=1
3, -3, 1

5. 2(x —y —2) = 2(7) —x+2y—3z=-12

—x+2y—3z=—-12 3x— 2y +7z= 30
! 2x +4z= 18
2x— 2y —2z= 14
—x+ 2y —3z=—12
x —bz = 2
—2(x — 52) = —2(2) —2x + 10z = —4
2x + 4z = 18 - 2x + 4z= 18
14z = 14
z=1
x—5bz=2 x—y—z=17
x—51)=2 T—y—1=17
x=17 y=-1 7, -1, 1)
6. —2(2x — 2y + 32) —2@2x — 3y + 72)
= —2(6) = —-2(-1)

dx— 3y +22=0 4x— 3y +2z2=0
l !
—4x + 4y — 6z = —12 —4x + 6y — 14z = 2

dx — 3y + 2z = 0 4 — 3y + 2z=0
y—4z=—12 3y —12z=2
—3(y — 42) = —3(—12) -3y + 12z = 36
3y —12z=2 - 3y —12z= 2
0=38

no solution

33

7. 75 = 3a(1) + vy(1) + s,
= 0.5a + vy + s,
1
75 = 5a(2.5)% + vy(2.5)+ s,
= 3.125a + 2.500 + 5
3 = 2a(®)? + vy(4) + 3,
= 8a + 4v, + s,

—2.5(75) = —2.5(0.5a + v, + 5;)
75 = 3.125a + 2.50, + s,
!

~187.5 = —1.25a — 2.50, — 2.5,
75 = 3.125a + 250, + s,

—112.5 = 1.875a — 155,

—4(75) = —4(0.5a + vy + s()
3 =8a + 4v, + s,
!
—300 = —2a — 4v, — 43,
3= 8a+4y,+ s,
—-297 = 6a

—3s;
—2(—112.5) = —2(1.875a — 1.5s)
—297 = 6a — 35

1
225 = —3.75a + 3s,

—297 = 6a — 3s,
=72 = 2.25a
-32=a
—297 = 6a — 35, 3 =8a+ 4y, + s
—297 = 6(—32) — 3s 3 = 8(—32) + 4u, + s
35 = s 56 = v,

acceleration —32 ft/s2, initial velocity: 56 ft/s,
initial height: 35 ft

Pages 76-77 Exercises
8. 3(bx + 3y — 2) = 3(—11)
x+2y+32=5
!
15x + 9y — 3z = —33

x+ 2y + 3z 5
16x + 11y —28

—2(bx + 3y — 2) = —2(—11)
3x+ 2y —2z=-13
!

—10x — 6y + 2z = 22
3x + 2y — 2z=—13
—Tx — 4y = 9
4(16x + 11y) = 4(—28) 64x + 44y = —112
11(—-7x — 4y) = 11(9) ~ —77x — 44y = 99
—13x =—- 13
x=1

16x + 11y = —28
16(1) + 11y = —28
y=-4

x+2y+3z2=5
1+2(-4)+3z2=5
z=4

1, —4,4)

Chapter 2



9. 7(—x + 3y + 2z) = 7(16)

Tx+5y+z=0
!

—Tx + 21y + 14z = 112
z= 0

7x + By +

26y + 156z = 112

—15(=3y + 2) = —15(—2)

26y + 15z = 112

-3y +z=—-2
-3@2)+z=-2
z=4
(2,2, 9)

10. 2(2x + y — 22) = 2(11)
—x—2y+9z=13
[
dx + 2y — 4z = 22
—x—2y+9z=13
3x + 5z=35

—=3(x — 32) = —3(7)

3x + bz =35
x—3z=17
x—31)=17
x =10
(10, =7, 1)

11. —3(x — 3y — 22) = —3(—98)

3x—5y+z=9
!
—3x+ 9y + 62=24
3x—5y+ z= 9
4y + 7z = 33
9(4y + 72) = 9(33)
—4(9y + 13z) = —4(55)

4y + 7z = 33
4y + 7(7) = 33
y=-—-4

(-6, 4,7
12. 8x —z=4
y+z=5
8x +y =9

—18x +y) = —1(9)

llx +y =15 -
8 —z=14
82)—z=14

z=12
2, -17,12)

Chapter 2

T =36y — 52z = —220

—x+3y+2z= 16
x—6y— z=-—18
—3y+ z=- 2

45y — 15z = 30
- 26y + 15z = 112
Tly = 142
y=2
x—6y—z=—-18
x—6(2)—4=-18

x=—2
—3x + 9z =-21
3x +bz= 35
14z = 14
z=1

2c+y —2z=11
2(10) +y — 2(1) = 11
y=-17

—5(x— 3y — 22 =
-5(—8)
5x — 6y + 3z=15

[

—5x + 15y + 10z = 40
bx — 6y + 3z=15
9y + 13z = 55
36y + 63z = 297

11z = 77

z=17
x— 3y —2z= -8
x— 3(—4) — 2(7) = -8
x=—6

—8& —y=-9
llx+y= 15
3x = 6
x=2
y+z=5
y+12=5
y=-1

34

13.

14.

15.

16.

17.

3x+y—2) =313 2 +y —2) = 2(3)
4x — 3y + 2z=12 —2x—2y+2z=5
[ !
3x+3y—3z= 9 2x+ 2y —2z= 6
4dx — 3y + 2z = 12 —2x—2y+2z= 5
Tx + z=21 0=11

no solution

3(86x — 15y + 502) = 3(—10)
—5(54x — 5y + 30z) = —5(—160)
l
108x — 45y + 150z = —30
—270x + 25y — 150z = 800
—162x — 20y = 770
81(2x + 25y) = 81(40) 162x + 2025y = 3240
—162x — 20y = 770 - —-162x — 20y = 770
2005y = 4010
y=2
2x + 25y = 40 36x — 15y + 50z = —10
2x + 25(2) = 40 36(—5) — 15(2) + 50z = —10
x=—5 z=4
(—5,2,4)
4(—x — 3y + 2) = 4(54)

4x + 2y — 3z = —32
!

—4x — 12y + 4z = 216

4dx + 2y — 3z = —32

—-10y + z= 184

5(2y +82) = 5(78) 10y + 40z = 390

—10y + z =184 - —10y+ =z=184
41z = 574
z=14
2y + 82 =178 —x =3y +z=>54
2y + 8(14) = 78 —x — 3(—17) + 14 = 54
y=—-17 x =11
11, —17, 14)
1.8x —z=0.7
1.2y + 2= 0.7
1.8x + 1.2y = 0

3(1.8x + 1.2y) = 3(0)
1.2(1.5x — 3y) = 1.2(3) ~

54x +3.6y= 0
1.8x — 3.6y = 3.6

7.2x = 3.6
x=0.5
1.5x —3y=3 1.8x —z=0.7
1.5(0.5) — 3y =3 1.8(0.5) — z = 0.7
y=—0.75 z=02
(0.5, —0.75, 0.2)
y=x+ 2z z=-1-2
y= (@ —14) + 2z 7T=-1—-2x
7=z —4=x
x=y—14
—-4=y-14
10=y (—4,10,7)



5(3 1 1 5
18. g(qx + 5y - 52) =5(-12)
1

2 5
X~ 3yt 5z =—8
l
5 5 5
%x-i-ﬁy—gz:—?:o
%x— %y—i—%z: -8
1
2% — 4y = —38

12) = —1(-12)
7

7(3 1
—4(4x+ 6Y ~
3

5
16X~ 8Y ~ 197 = —25
|
21 7 7
16X T Y t 197 = 21
3 5 7
16X~ &Y — 192 = —25
9 11
—gX — 13 = —4
9 1 9 9 9 171
(20— D) =153 frogw =
9 11 9 11
¥ Ty = 4 T T Y= 4
208 203
T192Y T T s
y =24
2x—iy:—38 %x-i—éy—%z:—lZ
1 3 1 1
2x — 4(24) = —38 7(=16) + 5(24) — 35z = —12
x = —16 z=12
(—16, 24, 12)

19. Let x represent amount in International Fund, y
represent amount in Fixed Assets Fund, and z

represent amount in company stock.

x +y+ z= 2000
x =2z
0.045x + 0.026y — 0.002z = 58

x +y+z= 2000
2z +y + 2z = 2000
y + 3z = 2000

y = 2000 — 3z

0.045x + 0.026y — 0.002z = 58
0.045(22) + 0.026y — 0.002z = 58
0.026y + 0.088z = 58

0.026y + 0.088z = 58
0.026(2000 — 32) + 0.088z = 58

z =600
x =2z x+y+z=2000
x = 2(600) 1200 + y + 600 = 2000
x = 1200 y =200

International Fund = $1200; Fixed Assets Fund =
$200; company stock = $600
20a. Sample answer: x + y + z = 15;
2x+z=1,2y—z=1
20b. Sample answer: 4x + y + z = 12;
—4x —y—2z=-10;5y —z=9

35

20c. Sample answer: x + y + z = 6;
26—y —2z2=8x—2y—3z=2

21. 124 = 3a(1)? + vy(1) + 5,
272 = 3a(3)% + vy(3) + 5,
82 = 2a(8)% + v,(®) + 5,

|
1
124 = 5a + vy + s

272 = Sa + v, + 5,

82 = 32a + 8y, + s

~1124) = ~1(3a + vy + 5)
272 = Sa + 3v, + 5,
l

—124 = —éa - Uy~ 8,
272 = Sa+ 3u, + 5,
148 = 4a + 2v,

~1(124) = ~1(3a + vy + 5,)
82 = 32a + 8y, + s,
|
1
=124 = —5a— vy — s
82 = 32a + 8y, + s,
—42 = 31.5a + Ty,

7(148) = 7(4a + 2v,)
—2(—42) = —2(31.5a + Tv)
[

1036 = 28a + 14v,

84 = —63a — 14v,
1120 = —35a
-32=a

124 = Sa + vy + 5,
124 = 3(~32) + 138 + 5,
2 =3

148 = 4a + 2y,
148 = 4(—32) + 2v,

138 = v,
(—32, 138, 2)
22a. Sample answer: A system has no solution when
you reach a contradiction, such as 1 = 0, as you
solve.

22b. Sample answer: A system has an infinite number
of solutions when you reduce the system to two
equivalent equations such as x + y = 1 and

2x + 2y = 2.

Chapter 2



23. x +yz=2
ytxz=2
ztxy=2
x+yz=2 x + yz = 2
y+xz=2 - -y — xz = —2
x—y)+@z—2x2)=0
(x—y) —z2x—y =0
1-29@-»=0
1—-2=0 or x—y=0
z=1 x=y
y+xz=2 y+ xz= 2
z+xy=2 - -z — xy = —2
(y—2 —(xz—xy) =0
(y—-2-x2y -2 =0
1-x0p—-2=0
1—-x=0 or y—2=0
x=1 y=z
Ifz=1landx=1,1+1y=2andy = 1.
Ifz=1landy=2zx+1-1=2andx=1.
Ifx=yandx=1,1+1z=2andz=1.
Ifx=yandy=2z,x=y =2z
x+tx-x=2
x+a2=2
2+x—2=0
x+2)(x—1)=0
x+2=0 or x—1=0
x2 = =2 x=1
Ifx=-2,y=—-2andz= —-2.
The answers are (1, 1, 1) and (=2, —2, —2).
24, 3x + 4y = 375 - 3x +4y = 375
—2(5x + 2y) = —2(345) —10x — 4y = —690
—Tx = —315
x =45
5x + 2y = 345
5(45) + 2y = 345
y =60 (45, 60)
25. yj
S~
(o)
y=-lx+2
Chapter 2
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26.

X
B(2, —1)

AB:d=V(-1-32+ @2 - (-1)2=5
BC:d=VE@-(-D2+®6-22=5
CD:d=V®6-22+3B-62=5

AD:d=V(®6-32+@B-(-1)2=5
AB:m=_1_3 R:m=i

1)
2 - (-1) 6—2
4

3
AB = BC = CD = AD = 5 units; ABCD is
rhombus. Slope of AB = —% and slope of BC = 3

4
so AB 0 BC. A thombus with a right angle is a
square.
27a. (20, 3000), (60, 5000)
5000 — 3000
60 — 20

2000
T 40 50

y — 5000 = 50(x — 60)
y = 50x + 2000
C(x) = 50x + 2000

27b. $2000; $50

3
4

or

27c. 4__c(x)
3.-
Cost 9]
($1000) ¢(x) = 50x + 2000
1 +
O 123456789X
Televisions Produced
28. A=3s2 A = mr?
2 =352 = m(V2)?2
V2 =35 =2n

The correct choice i1s C.

9.3 Modeling Real-World Data with
Matrices
Pages 82-83 Check for Understanding

1. Sample answer:

film  pain reliever blow dryer
(24 exp.) (100 ct)
Atlanta U $4.03 $6.78 $18.98 O
Los Angeles [ $4.21 $7.41 $20.49 E
Mexico City% $3.97 $7.43 $32.25 E
Tokyo 0 $7.08 $36.57 $63.71 O
2.2X4

3. The sum of two matrices exists if the matrices
have the same dimensions.



4. Anthony is correct. A third order matrix has 3
rows and 3 columns. This matrix has 4 rows and 3
columns.

5.2y =x—3 2y=y+5—-3
x=y+5 y=2
x=y+5
x=2+5
x =1 (7, 2)

6.18 = 4x — y 24 = 12y
24 = 12y 2=y
18 =4x —y
18 =4x— 2

5=x (5, 2)

7. 16 = 4x 16 = 4x
0=y 4=x
2c=8—y (4, 0)

8.X+Z=74+(_1) 1+3]

| —2+0 6+ (-2
_ [ 3 4
B
9. impossible
10.z-x=| “1-4 3‘1
| 0-(-2) -2-6
_ [—5 2
B
—| 4@ 4Q)
11. 4X [4(472) 4(6)]
_[16 4
[—8 24]
12. impossible
13. YX = [0 —m-[ 41
-2 6
=[0(4) + (=3)(=2) 0Q1) + (=3)(6)]
or [6 —18]
14.
Budget Viewers
é$ million) (million)
soft-drink H 40.1 786
package delivery 0 229 219 O
telecommunications 154.9 88.9 U
Pages 83-86 Exercises
15.y=2x—1 y=2(y —5) -1
x=y—5 y=11
x=y—25
x=11-5
x=6 (6, 11)
16. 9=x+ 2y 13=4x+1
13=4x+1 3=x
9=x+ 2y
9=3+2y
3=y (3,9
17. 4x =15+ x dx =15+ x
5 =2y x=5
5 =2y
25 =y (5, 2.5)

18. x = 2y
y=2x—6

x = 2y
x = 2(2)
x=4
27 = 3y
8 = b5x — 3y

(4, 2)
19.

8 = bx — 3y
8 = bx — 3(9)
T=x (7,9)
4x — 3y =11
x+y=1

20.

4x — 3y = 11
3x+y =1

x+y=1
2+y=1
y=-1
2x = —10
y = 3x
-y =15
(=5, —15)
—-12 = 6x
2=y+1
12y =10 — x
x+y=0
y =52
3=2y —x
6=4—2x
6=4—2x
-1=x

21.

22.

23.

x2+1=2
x+y=5
b—y=x
y—4=2
y—4=2
y=6

gl X
4

24.

25.

12

3x =15
12 = 62z
3y —3=6
9z=3xty
3x =15
x=5
5,3, 2)

9z

37

y—1|_
3z

wa—ﬂ=

y=2(@2y) -6
y=2
27 = 3y
9=y
4x — 3y = 11
- 3x+3y= 3
Tx =14
x=2
2, -1
2x = —10 y = 3x
x=— y = 3(—5)
y=-—15
—12 = 6x 2=y+1
—-2=x =y
(=2,1)
x+y=0
-1+y=0
y=1 (L1
x+ty=5
x+6=5
x=-1 (-1,6)
15 6
6z 3x+y
15 6
6z 3x+y
12 = 62z 3y—3=6
2=z y=3

Chapter 2



217.

28.
29.

30.

31.

32.

33.

34.

35.

36.

—Z{W +5 x-— z] _ [—16 —4]
3y 8 6 2x+ 8z
—2w—10 —2x+2z|_|—16 —4
[ —6y —16] [ 6 2x + 82}
—2w-—-10=-16 —2w—-10=-16 —-6y=26
—6y =6 w=3 y=-1
—2x +2z=—4
—16 = 2x + 8z
—2x +2z= —4 —2x +2z=—4
2x + 8z = —16 —2x + 2(—2) = —
10z = —20 x=0
z=—2 3,0,-1,-2)
A+B=]| 5+3 T+ 5]
-6+ (-1) 1+8
_[ 8 12
B
impossible
impossible
[ 0+4 1+ (2 2+ 3
D+C=|-2+5 340 0+(—1)]
| 44+9 4+0 -2+1
4 -1 5
= 3 3 —1]
13 4 -1
B-A=B+ (-4
_| 3 5] n {—5 —7]
-1 8 6 —1
_[8+ (-5 5+ (—7)] or {—2 —2]
| “1+6 8+ (-1 5 7
C—-D=C+ (=D
(4 —2 3 0 -1 -2
=5 0 —1] +[ 2 -3 0
9 0 1 -4 —4 2
4+0 -2+ (-1) 3+(-2
= 5+2 0+ (=3 —1+O]
19+ (=4 0+ (-4 1+2
4 -3 1
or [7 -3 1]
5 —4 3
4(0) 4(1) 4(2)
4D = [4(—2) 4(3) 4(0)]
4(4) 4(4) 4(-2)
0 4 8]
—[—8 12 0
16 16 —38]
_2F:[—2(—6> ~2(-1) —2(01
—2() -2 —20)
_ |12 2 0]
a [72 -8 0]
F—-E=F+ (-E)
_ (-6 —1 O]_i_[fS 4 72]
| 1 40| |[-3 -1 5
_[-14 3 -2
| -2 3 5]
E—-F=E+ (—F)
_[8 -4 2]+[ 6 1 0]
|13 1 -5 -1 -4 0
_[14 -3 2
12 -3 —5]

Chapter 2

38

37. 5A

[ 26

i
oIl

(6) +5(=6)
() + 8(=6)

—1(7) + 8(1)
or —-15 26
—53 1
39. impossible

4 -2 3
A
9 0 1
_ | —6(4) + (=1)(5) + 0(9)
_{ 1(4) + 4(5) + 0(9)
—6(=2) + (=1)(0) + 0(0)
1(=2) + 4(0) + 0(0)

—6@3) + (=D(=1 + 0(1)
1(3) + 4(=1) + 0(1)

12 —17
-1
8 —4

-2
01 2
g
-2 3 0
3 1—5[44_2]

— |8(0) + (=49)(-2) + 2(4)
[3(0) +1(=2) + (=5)@)
8(1) + (=H(3) + 2(4)
3(D) + 1(3) + (=5)(4)
8(2) + (=4)(0) + 2(-2)
3(2) + 1(0) + (—5)(—2)]

[ 16 4 12
—-22 —14 16
42. AA =

EREN

38. BA = [ i’
[ 3 3(7)+5(1)}
1

40. FC:{

29
24

41. ED:[

43. FD =

_[ 5(6)+7(=6) 57+ 1()
|—6(5) + 1(—6) —6(7) + 1(1)]
o [—17 42]
—36 —41
- 0 1 2
¢ 10 [_2 ; 0]
- 4 4 -2
[—6(0) + (—1)(—2) + 0(4)
| 10) + 4(-2) + 0(4)
—6(1) + (—1)(3) + 0(4)
1(1) + 4(3) + 0(4)
~6(2) + (—1)(0) + 0(~2)
12) + 4(0) + 0(—2)]
[ 2 -9 -12
{—8 13 2}
E + FD = { 8+2
3+ (—8) 1+13
_[10 -13
{—5 14

—10
-3

-4+ (-9 2+ (-12)

-5+2

}



5 7 3 5 2 4
44, *3AB—*3|:_6 1]|:_1 8] 47, 3XY:3[ 3 _4][3 -3 6}
_[ =35 —3(7)][ 3 5} 9 | B 4 2
L(=3)(=6) —3(1)] [-1 8 32 3@W| 3 _3 4
_[-15 —21] [ 3 5} =| 3(8) 3(—4) -[5 B _2]
| 18 -3| |-1 8 13(-2)  3(6)
_[=15(8) + (=21)(=1) 6 12 3 -3 6
| 18(3) + (—3)(—1) =|24 -12 [5 . _2}
—15(5) + (—21)(8) -6 18

18(5) + (—3)(8)} 6(3) + 12(5) 6(—3) + 12(4)
_[-24 -243 =124(3) + (—12)(5) 24(=3) + (—12)(4)
| 57 66] | —6(3) + 18(5) —6(—3) + 18(4)

3 5 5 7T\[8 -4 2 6(6) + 12(-2)

45. (BA)E_([ﬂ 8} [76 1})([3 1 75]) 24(6)+(—12)(—2)]

_[ 36)+5(-6) 3D +501)]. —6(6) +18(~2)

~1(5) + 8(—6) 71(7)+8(1)] _[78 30 12]

‘s 4 9 =[12 —120 168

3 1 -5 72 90 —172
_[-15 26].[8 —4 2] 18. 2K—3J=2[1 ‘7}+(—3)[‘4 5]

|-53 1] [3 1 -5 3 2 1 -1
_[-15(8) + 26(3) —15(—4) + 26(1) — 2D 2(—7)%[(—3)(—4) —3(5)]
| —53(8) + 1(3)  —53(—4) + 1(1) 12(3)  2(2) (=3)(1) —3(-1)
~15(2) + 26(—5) = |2 ‘14]+[12 _15]

~53(2) + 1(75)] 6 4] -3 3
_[ -42 86 -160 -| 2+12 —14+(—15>]

T |-421 2138 —111] 6+ (=3) 4+3
46. F — 2EC = F + (—2EC) — |14 ‘29]
4 -2 3 (3 7
_2EC:_2[8 —4 2]. 5 0 -1 49. Sample answer:

31 =51 1g o 1 1996 2000 2006
_[-28) -2(-4) -2@]. 18 to 24 O 8485 8526 8695
=23 —20) 72(75)] 25 to 34 0 10,102 9316 9078 0

(4 -2 3 35 to 44 B 8766 9036 8433%
5 0 -1 45 to 54 0 6045 6921 7900
9 0 1] 55 to 64 0 2444 2741 35210
i_16 e 41 [t 2 3 65 and older S 2381 2440 25725
= Z¢ _9 10]'[5 0 —1] 18 24 19] [26 31 24
- 9 0 1 50a. |16 24 17| _|22 28 21
_ | —16(4) + 8(5) + (=4)(9) 16 6 6 12 9 7
| —6(4) + (=2)(5) + 10(9) 12 2 4 17 4 6
—16(—2) + 8(0) + (—4)(0) 18 24 19 -26 —31 —24
—6(—2) + (—2)(0) + 10(0) _ |26 24 17 4 -22 =28 -21
~16(3) + 8(—1) + (~4)(1) 66 6 |-12 -9 -7
—6(3)+(—2)(—1)+10(1)] 122 4] [-17 -4 -6
60 39 —60 18 + (—26) 24 + (—31) 19 + (—24)
:[ 56 19 _6} _ |16+ (-22) 24+ (-28) 17+ (-21)
- B 3 B 6+(—-12) 6+(-9 6+ (=7
F+(—2EC):[ 61++(5660) iii’; 0&5:2;] 124 (—17) 2+ (-4) 4+ (—6)
_[-66 31 —60 8 =7 =5
[ 57 16 —6] or |76 4 4
-6 -3 -1
-5 -2 -2
TV Radio Recording
Classical 0 -8 -7 -5 -
Jazz -6 -4 —4 0
Opera E*(B -3 -1 E
Musicals % -5 -2 -2 %
50b. classical performances on TV

39 Chapter 2



51a.

51b.

52a
52b

53.

-2 3].[a b]_[-2 3
] A ]
[ —2(a) + 3(c) —2(b) + 3(d)} _ [72 3}
4(@) + (=5)(c) 4(b) + (=5)(d) 4 =5
—2a + 3c = —2 —2b+ 3d =3
4a — bc = 4 4b — 5d = —5
2(=2a + 3¢c) = 2(—2) —4a + 6¢c = —4
4a — Bc =4 T 4a-5c= 4
c= 0
4a — bc =4
4a — 5(0) = 4
a=1
2(—2b + 3d) = 2(3) —4b+6d= 6
4b — 5bd = =5 4b — 5d = —5
d= 1
4b — 5d = —5
4b — 5(1) = =5
b=0

a matrix equal to the original matrix

. [42 59 21 18]

. 83.81 30.94 27.25
0 0
%15.06 13.25 8.75%

14259 21 18l g, 5y 46440
0 0
%2.06 44.69 34.385

6)

= | 42(33.81) + 59(15.06) + 21(54) + 18(52.0
42(30.94) + 59(13.25) + 21(54) + 18(44.69)

42(27.25) + 59(8.75) + 21(46.44) + 18(34.38)]
= [4379.64 4019.65 3254.83]
July, $4379.64; Aug, $4019.65; Sep, $3254.83

The numbers in the first row are the triangular
numbers. If you look at the diagonals in the
matrix, the triangular numbers are the end
numbers. To find the diagonal that contains 2001,
find the smallest triangular number that is
greater than or equal to 2001. The formula for the
nth triangular number is % Solve mptl)

2001. The solution is 63. So the 63rd entry in the
first row is 2°2" = 2016. Since 2016 — 2001 =

15, we must count 15 places backward along the
diagonal to locate 2001 in the matrix. This
movement takes us from the position (row,
column) = (1, 63) to (1 + 15, 63 — 15) = (16, 48).

=

54a.

54b.

A B C D
AEO 1 0 OE
BEI 0 1 1E
CDO 1 0 ZEI
D Odo 1 2 o0

U U

No; since the matrix shows the number of nodes
and the numbers of edges between each pair of
nodes, only equivalent graphs will have the
same matrix.

Chapter 2

57

62

40

55.

56.

58.

59.

60.

61.

63.

2¢+ 6y + 8z = 5
—2x+9y+12z= 5
15y + 20z = 10
2(=2x + 9y + 122) = 2(5) - —4x + 18y + 24z = 10
dx + 6y —4z=3 dx + 6y —4z= 3
24y + 20z = 13
15y + 20z = 10 - 1by +20z= 10
—1(24y + 202) = —1(13)  —24y — 20z = —13
-9y = -3
1
y=3
15y + 20z = 10 2¢ + 6y + 8z =5
1 1 1
15(5) +20z2=10 2x+6(5)+87)=5
() ememt0 med) o) =
(520 ! 2
27 37 4 .
dx — 2y =17 y:2x—§
—12x + 6y = —21 y=2x— 3
consistent and dependent
. y
6 <3x— y=/12
/ :Oi — :/ ; :x
x fx)
-2 8
-1 5
0 2
1 5 1f(x) =13x + 2
: | R
Sample answer: using (60, 83) and (10, 65),
_ 6583
M =70-60

—18
= "50 0.36

y — 65 = 0.36(x — 10)
y = 0.36x + 61.4

or

7-4

m=5_-1

_3

4
flx) = bx — 3

0=5x—3

3

=X
I 8l) = ) - g(x)

(%x)(40x - 10)
16x% — 4x

f(x) = 4 + 6x — x°
f(14) = 4 + 6(14) — (14)3
—2656

3
y—T=4-5

3 1
y=3x+37



2x—3  3-«x
x -2
2(2x — 3) = x(3 — x)
4x — 6 = 3x — x2
¥+x—-6=0
x+3)x—2)=0
x+3=0 or x—2=0
x= -3 x=2

64.

The correct choice is A.

Page 86 Graphing Calculator Exploration
1. All of the properties except for the Commutative
Property of Multiplication hold true. When
multiplying matrices, the order of the
multiplication produces different results.
However, in addition of matrices, order is not
important.

2a. LetA:[all a1 andB:{bll 512}.
- [@91 Qg9 21 022
A+ B=1|% ‘112]+ byy b12]
21 Va2

| @21 Qg2

ap + by
| a9y T gy
by + ay

aqg T 512]
gy T byy

[bg1 + a9y bgg + agy
by bzq + [au
|09 D19 o1

2b. Let A = {au “12], B= [b
Q1 Qg2

and C = [Cll

Co1
aj + by
|91 T bgy

Q19
Qg9

A+B+C=

—[an a12] + [b
Qo1 Qg2
—A+B+0
2¢. Let A = [all al?} and B [
Qg1 Qo3
AB = [anbn +aggby
A9y + ag9byy

BA = [buau + 0190y,
bgyayy + bygas,

[ (@qq + byq) + gy
[ (@1 + o)t coq (agg + bgy) + gy

ayy +(byy T eqp) agt (bt 012)]
|agq T (byy + Cg1) Qg + (bgy + Cg9)

byy + c9q

by + 012]

a12}
o9

11 b12:|’

21 22

012}
)

+ 512} + [Cn 012]
+ by Co1 Cog
(agg + byg) + C12]

nten bt C12]

bgy + Cg9

by 512],
byy  bgy

ayybyg + a12b22]

91019 + Gg9bygg

by1aq9 + b12a22]
bg1G19 + bggasy

Thus, AB # BA, since a,9b9; # b 909

41

(AB)C =

A(BC) =

2d. Let A = [an

‘112], B= [bu b12]’
g1 Qgg by byy

and C = [Cn 012]
Co1 Cag
apybyy + aggbyy  agpbyg + a12bzz][c11 ‘712]
| Q91011 T Qg9bg1  Ag1b1g + Ggobgs[Coy  Coy
Ay1by1Cq1 T+ @y1b19Co; T @y9bggCyy T aggbg9cy,
| @1011C11 + Ag1019Co1 + Ag9bg1Cyy + Ag9bgacy;
@11b11C19 + Aq1019Ce9 + Gy9bg 015 + a12b22022}
91011619 T Ag1D19Cog + Ag9bg 11y T Aggboocyy
a12][b11‘311 + bygCyy  byycyg + b12C22]
g9 || bg1€11 + bggCyy  bg1Cyp + bygloy

an
| %21
[a11011617 T Q1019091 + aq9b91¢11 + ag1b99¢9;
91011611 F Gg1b19Co; T AgbyqCyy T Aggbygcoy

a11b11C19 + Aq1019Ce9 + Gy9b9 015 + a12b22022}

91011619 T+ Ag1D19Cog + Ag9bg 11 T Aggboocyy

Therefore (AB)C = A(BC).

3. All properties except the Commutative Property of

Multiplication will hold for square matrices. A
proof similar to the ones in Exercises 2a-2d can be

used to verify this conjecture.

2-4A | Transformation Matrices

Page 87
1. The new figure is a 90° counterclockwise rotation
of ALMN.

2. The new figure is an 180° counterclockwise
rotation of ALMN.

Fal

v

3. The new figure is an 270° counterclockwise
rotation of ALMN.

Chapter 2



[0 3 3 -1 -1 -2 -2 -2 -2

2 2 -2
1 1 -3 —3]
2,1),B'(2,1), C'(2, —3), D'(—-2, —3)
results in a vertex V4

4. See students’ work for graphs. Multiplying a 6. [—1 3 3 —1] n [—1 -1 -1 —1]

vertex matrix by _é] results in a vertex

1
matrix for a figure that is a 90° counterclockwise [
rotation of the original figure. Multiplying a A~
[—1 0

0 -1
matrix for a figure that is a 180° counterclockwise A B
rotation of the original figure. Multiplying a 1 F
)
-1
matrix for a figure that is a 270° counterclockwise
rotation of the original figure.

vertex matrix by

vertex matrix by Ll results in a vertex — [®)

cX

DI cl

' ' ' ) 7 [—1 0] -1 —4 -3 0}
2-4 | Modeling Motion with Matrices o2 1 -2 -1
_/1 4 3 0
[2 1 -2 71}
Pages 92-93 Check for Understanding A'(1,2), B'(4,1), C'(3, —2), D'(0, —1)
1. Translation, reflection, rotation, dilation;
translations do not affect the shape, size, or
orientation of figures; reflections and rotations do

not change the shape or size of figures; dilations
do not change the shape, but do change the size of

figures.

2. 90° counterclockwise = (360 — 90)° or 270°
clockwise; 180° counterclockwise = (360 — 180)° 3 1 9 4 -9
or 180° clockwise; 270° counterclockwise = 8. [ } [2 4 _2] - {_3 1 _J

(360 — 270)° or 90° clockwise.

3. Sample answer: the first row of the reflection
matrix affects the x-coordinates and the second
row affects the y-coordinates. A reflection over
the x-axis changes (x, y) + 0 (x, —y), so the first
row needs to be [1 0] so the x is unchanged
and the second row needs to be [0 —1] so the
y-coordinates are the opposite. Similar reasoning
can be used for a reflection over the y-axis, which
changes (x, y) to (—x, y) and a reflection over the line
y = x, which interchanges the values for x and y.

P2, -3), Q4 1), R'(-2, —1)

4a. 6 4b. 2 dc. 3 4d. 4
21 0] _[-3 15 0 9. |71 O} |71 0_j1 0
5.1.5 = 0 -1 o 1| [o -1
5 3 —2| |75 45 -3 R T R
J'(=3,7.5), K'(1.5, 4.5), L'(0, —3) [0 _J-[ ° _2}=[_4 - 2]
-3,-2),N'(-1, 2)
—t>
10 x
10a. 10b. [x + 3]
y+ 4
Landing
an

Chapter 2 42



Pages 93-96

st 1 5]_[3 3 15
14 1] [3 12 3
A'(3,3), B'(3,12), C'(15, 3)
y

Exercises

121 B

101

8..

618

41 .

21 14T
2468101214 X

-5 -9
12 i[o -5 —3}: 0 =& =
ag 9 2 2

x0,6), v(-3% 62), 2( 2%, 13)

u :X

3 -2 1 4]_[-6 -4 2 8
0 2 3 2 0 4 6 4
P'(=6,0), Q(=4,4), R'(2,6), S (8,4)

13. 2[_

laa o]-1 01 0]_[-2 02 o0
010 -1 020 -2
J-2 02 0]_[-606 0
020 -2 06 0 —6

A'(=2,0), B'(0, 2), C'(2, 0), D'(0, —2); A"(=86, 0),
B'(0, 6), C'(6, 0), D'(0, —6)

43

b 3[-1 01 0]_[-303 o0
010 -1 030 -3
J/[-3 03 0]_[-6 06 0
030 -3 06 0 —6

A'(=3,0), B'(0, 3), 0'(3, 0), D'(0, —3); A"(=6, 0),
B'(0, 6), C'(6, 0), D'(0, —6)

14c. The final results are the same image.
-2 1 8], 3 3 8| _[14 6
0 5 -1 -2 -2 -2 -2 3 -3
W1, =2), X'(4, 3), Y'(6, —3)
Vi X

17.*315 11,03 3 3 3|_(0 4 8 4
1 51 -3 4 4 4 4 5 9 5 1

C'(0,5),D'(4,9), E'(8,5), F'(4, 1)

Chapter 2



18a. 4 0 2 n -6 -6 —-6|_|—-2 -6
1 3 -1 -2 -2 =2 -1 1
F(-2,-1),G'(-6,1), H (-4, —3)
18a-b. yA
GII
-2 -6 -4 1 1 1 -1 -5
18b. + =
8b [—1 1 —3} [5 5 5] [ 4 6

F'(-1,4), G'(—5, 6), H'(-3, 2)
18c. translation of 5 units left and 3 units up

9./ O].[-1 0 2|_[-1 0 2
o -1 |-2 -4 -3 2 4 3
A'(—1,2),B(0,4), C'(2,3)

90.|~-1 O].[2 6 3 -1]_[-2 -6 -3

0 1| |4 2 -4 -2 4 2 -4

D'(-2,4), E'(—6,2), F'(-3, —4), G'(1, —2)

21.01.—1—3—12:—215
1 0] [-2 1 5 4 -1 -3 -1

H(-2,-1),I'1Q, —3),J'(5, —1), K'(4, 2)

Chapter 2

)

3

1
-2

i

|

44

22_[0 —1][ 12 3}
1 0] [-1 -2 -1
L'(1,1), M'(2,2), N(1, 3)

y
1w

|

L’

"L: + 5N55
I m

93 [-1 0].[0 4 4 O]_[0 -4 -4 0
I 0 -1/ |0 0 4 4 0 0 -4 —4

0'(0, 0), P'(—4,0), Q'(—4, —4), R'(0, —4)

y

1R a
IPI n 1 n n n n
' olo p x

H'
a 1
oq | O 1].[-1 -3 -5 -4 -2

-1 0 -2 -1 -2 —4 -4

[-2 -1 -2 -4 —4]

1 3 5 4 2
S§'(=2,1),T'(—1, 3), U(-2,5), VI(—4, 4),
W'(—4, 2)

Ay
U
v ]
4
w l

T T T T ls,l T

T Jlox

v W
25a. Let =R

x-axis

iy

a bl [1 -2 —-1]_[ 1 -2 -1

e e B B S
a+3b —2a—b —a-—3b|_ 1 -2 -1
[c+3d —2c—d fcde} [*3 1 3]
a+3b=1 —-2a—-b=-2 —-a—-3b=-1
c+3d=-3 —2¢c—d=1 —c—3d=3

Thus,a=1,b=0,c=0,andd = —1. By

_ B _g].

substitution, R ...



25b.

25c¢.

25d.

25e.

25f.

a b

Let o d :Ry»axis'
a bl.[1 -2 —-1]_[-1 2 1
¢c d| |3 -1 -3 3 -1 -3
a+3 —-2a—-b —a-3b|_|-1 2 1
c+3d —2¢c—d —c—3d 3 -1 -3
a+3b=-1 —2a—-b=2 -a—3b=1
c+3d=3 —2c—d=-1 —¢c—3d=-3

Thus,a = —-1,b=0,c=0,and d = 1. By
substitution, R, , ;. = [_(1) ﬂ

a b|_

Let[c d}—Ry:x.

a bl [1 -2 -1]_[3 -1 -3

c d 3 -1 -3 1 -2 -1
at+3 —-2a—b —-a—-3b|_|3 -1 -3
c+3d —2c—d —c—3d 1 -2 -1
at3=3 —-2a—-b=-1 —-a—3b=-3
c+3d=1 —-2¢c—d=-2 —-c—3d=-1

Thus,a=0,b=1,¢=1,andd = 0. By

i

substitution, Ry =

Let [(z Z} = Rotg,

a b [1 -2 -1]_[-3 1 3

P e g R
a+3 —-2a—-b —-a-3b|_|-3 1 3
[c+3d —2c—d —c—Bd] [1 -2 —1]
a+3b=-3 —2a—-b=1 —a—3b=3
c+3d=1 —2c—d=-2 —-c—-3d=-1

Thus,a =0,b=—1,c=1,and d = 0. By
0 -1

substitution, Roty, = [1 0

Let [‘Z Z} = Rotg.

a b].[1 -2 -1]_[-1 2 1
L d] [3 -1 -3 [—3 1 3]
2
1

a+3 —2a-b —a-3b|_[-1 1
c+3d —2c—d —c—3d| -3 3
a+3b=-1 —-2a—-b=2 —-a—-3b=1
c+3d=-3 —2c—d=1 —-¢c—3d=3

Thus,a=—-1,b=0,c=0,andd = —1. By

o )

substitution, Rot, g, =

Let [(z Z} = Rotgyy.

a b].[1 -2 -1]_[ 3 -1 -3

{c d] [3 -1 —3] [—1 2 1}
a+3 —-2a—-b —-a-3b|_| 3 -1 -3
[c+3d —2c—d —c—Sd] [—1 2 1]
a+3b=3 —-2a—-b=-1 —a—3b=-3
c+3d=-1 —2¢c—d=2 —c—3d=1

Thus,a=0,b=1,c= —1,and d = 0. By
substitution, Rotyy, = [7(1) (1)]

45

26.

27.

28, [

-1 0|.[-6 -3 -1]_[ 6 31
[071}[4 272] [74 —2 2}
[6 3 1]+[—2 -2 —2}:[4 1 —1}
-4 -2 2 5 5 5] |13 7
J'(4,1), K'(1, 3), L'(~1, 7)

y

L" 7

FRE{E

RN
J'(6, —4), K'(3, —2), L'(1, 2)
i

-1 0|, |-6 -3 —-1|_|6 3 1
01 4 2 -2 4 2 =2

0 —-1].[6 3 1]_]-4 -2 2
1 0] [4 2 -2 6 3 1
J'(~4, 6), K'(~2, 3), L'(2, 1)

Vi

29a. The bishop moves along a diagonal until it
encounters the edge of the board or another
piece. The line along which it moves changes
vertically and horizontally by 1 unit with
each square moved, so the translation
matrices are scalars. Sample matrices are

1 1 1 1 -1 -1
c , C , C , and
[1 J [—1 —1] [ 1 1]

Chapter 2



-1

c{_ 1 _1], where c is the number of squares

moved.

29b. The knight moves in combinations of 2 vertical-1

}f,(l)lrizontal l())r 1.vertical-2
ese can be either u[a

Sample matrices are 11

or o%zno,nl%%

s

squares.
o% right.

29c.

30.

31.
32.

33.

34.

34a. Sample answer: the figure would be enlarged

34c

35.

36.

Chapter 2

- - 2
1 1] [-1 —1]]-1 -1][2 2

-2 2| 2 2f|-2 -2||1 1f
2 2] [-2 -2 -2 -2

, and
-1 -1 1 1 R .
The king can move 1 unit in any direction. The

matrices describing this are 11 ,

§ e 0
-1 —1][0o o 0o otf1 11
Lo o1 1]|-1 -1]|1 1]|-1 -1f
-1 =1 a1 -1
| 1 1] -1 -1

. b

Consider [¢ °|.

0ns1erL d:|

Dilation with scale factor —1
el
c d —c —d

Rotation of 180°

-1 Olla b|_|-a -0
I b e ]
The vertex matrices for the images of a dilation
with scale factor —1 and a rotation of 180° are the
same, so the images are the same.
(0, —125); (125, 0), (0, 125), (—125, 0)
Sample answer: There is no single matrix to
achieve this. You could reflect over the x-axis and
then translate 2(4) or 8 units upward.
See students’ work; the repeated dilations animate
the growth of something from small to large,
similar to a lens zooming into the origin.

-1 1 4 2
-1 2 0 -3
disproportionally.

_|—-3 3 12 6
-2 4 0 -6

. See students’ work; the figure appears as if
blown out of proportion.

[38}+[1 5]=[ 3+ 1 s+5]
-2 4 -2 8 -2+ (-2) 4+8
_| 4 13
3
x+ y+z= 1.8 x—2y= 4.6
y—z=-56 x+ 2y =—3.8
x + 2y =-3.8 2x = 0.8
x=0.4
x+ 2y =-3.8 y—z=-56

46

37. Let x represent hardback books and y represent
paperback books.
4x + Ty = 5.75
3x + by = 4.25
3(4x + Ty) = 3(5.75) 12x + 21y = 17.25
—4(3x + By) = —4(4.25) ~ —12x — 20y = —17
y= 025

dx + Ty = 5.75
4x + 7(0.25) = 5.75
x=1
hardbacks $1, paperbacks $0.25
x+y=3 A 123
y=-x+3 (—2,4)

\(3’ 2)
: °
ol 0) Nx

I x+y=3

38.

[ ]
(_4! 2)

3, 2)
39. y—1=4(x - 2))
y—1=4x+ 8
dx—y+9=0
y—6=2x—1)

y=2x+4
(f- @) = fx) - gx)
flx)
T a2 -3x+7
2x+y =12

=x3x% —3x+7)
f
(D) =55
—2(x + 2y)

40.

41.

= x5 — 3x% + 7x3

42, 2c+ y=12
—2x — 4y =12
-3y =24

y=-8

-2(-6)

2¢+y =12
2x + (—8) = 12
x =10

2% + 2y = 2(10) + 2(—8)
=4
The correct choice is B.

Page 96 Mid-Chapter Quiz
1.%x+5y:17 y:—%x-i-?%

3x + 2y = 18 y=—2x+9

UK |
\3JX+ 2

18

-
£
()

iy
\
]

NI
~




2.4x+y=28 6x — 2y = —9
y=8—4x 6x — 2(8 — 4x) = —
-
dx+y =8
1
4(5) +y=8
1
y=6 (5, 6)
3. Let x represent trucks and y represent cars.
x =4y
6x + 5y = 29,000 x = 4y
6(4y) + 5y = 29,000 x = 4(1000)
y = 1000 = 4000

4000 trucks, 1000 cars
4. 2x +y + 4z =13

3x —y—2z=—1
5x +2z=12
28x —y — 22) = 2(—1) 6x — 2y — 4z = —2
dx + 2y +z=19 dx+ 2y + z= 19
10x —3z= 17
—2(bx + 22) = —2(12) R —10x — 4z = —24
10x — 32 = 17 10x — 3z = 17
—Tz=-17
z=1
bx + 2z =12 2x+y + 4z =13
5x + 2(1) = 12 2(2) +y +4(1) =13
x=2 y =
2,5, 1)

5, x+y= 1 x+y=
2x—y=—2 —é-ﬁ-y:
P 1
3x =-1 y=13

1
x=-3
dxt+y+z=
1 1
4(—§)+1§+Z:
1.1
z= (5,13,8)
6.y —3=x y—3=x
y = 2x 2 — 3 =x
y = 2x
y=23)
=6 (3,6
7 A+ B= 3+ (-2 5+8 —-7+6
-1+5 0+(-9 4+10
_|1 13 -1
4 -9 14
8. impossible
9. B—3A =B+ (—34)
—34=-3 3 5 77
-1 0 4
_| —33) —3(B) -3(—-7
—3(=1) =300 —34)
-9 -15 21
or
{3 0 712]
B+ (=34) = -2 8 6 n -9 -15 21
5 =9 10 3 0 —12
-2+ (=9) 8+ (-15) 6 + 21
5+3 79+0 10 + (—12)
=7
-9 —2

47

10.

The result is the original figure. The original

figure is represented by a €|. The
d e f
reflection over the x-axis is found by
1 0| |a b c|_| a The
0 -1 d e f —-d -—e f
reflection of the image over the x-axis is found by

1 0 a b ¢ a b ¢ -

. = . Th t
[o —1] ~d —e —f] |d e f} o At
for the final image is the same as that of the
original figure.

2-5

Determinants and Multiplicative

Page 102
1.

2.

10.

Inverses of Matrices

Check for Understanding
Sample answer: a matrix with a nonzero
determinant

3 2 0

S I :
ample answer [4 _3 &

} is not a square

2 =5
matrix. |1 —1[also has no determinant.
0 9
1 0 0 O
01 0O
.S 1 :
ample answer 001 0
0 0 0 1

. Sample answer: The system has a solution if

ad — be # 0, since you can use the inverse of the

matrix |¢ €| to find the solution.
_g ‘é‘ = 4(3) — (=2)(—1) or 10
12 —26| _ e B
5 32‘_12(32> (—15)(—26) or —6
4 1 0
5 —15 —1
—2 10 7
IS R R RS I RS
10 7 -2 7 —2 10
= 4(~95) — 1(33) + 0(20)
= —413
6 4 -1
N TR
—9 0 0
= 6(0) — 427) + (=1)(27)
=-135
-2 3] o B
. 7‘_ 2(7) — 5(3) or —29
~i[ 7 -3
29|:_5 _2:|
‘é g = 4(9) — 6(6) or 0

does not exist

Chapter 2



e
< R
—
|

|
= =
[ =
|®°’|H

(_Q 129)
13> 13

12. 6 —3| [x|_|63
5 9| || 85
1 -9 3]_ _1[-9 3
‘6 —3‘ -5 6 39 -5 6
5 -9 - -
1[-9 3].[6 —=3]|.[x]_ _1[-9 3].[63
¥ -5 6| |5 -9 |v] ¥ -5 6| |85
x]_[ 8
y| [—5]
(8, —5)
13. Let x represent the amount of metal with 55%

aluminum content, and let y represent the amount
of metal with 80% aluminum content.

x+y=20

0.55x + 0.8y = 0.7(x + )

0.55x + 0.8y = 0.7x + 0.7y

0.15x — 0.1y =0

15x — 10y =0
x+y=20 1 1| |x[_1]20
15x — 10y = 0 15 —10| |y 0

_;[—10 —1}
Bl-15 1
15 -10
_1f-10 —-1| | 1 1] [«
25[715 1] [15 710] [y]
_Taf-10 -1].[20
25[—15 1] [ 0]
x{_| 8
oL
8 kg of the metal with 55% aluminum and 12 kg of
the metal with 80% aluminum

1 {—10 —1]:
‘1 1‘ -15 1

Pages 102-105 Exercises

14. g ‘51‘ = 3(5) — 2(4) or 7

15. _3 :H = —4(=1) — 0(=1) or 4
16. 13 12‘ = 9(16) — 12(12) or 0

1. |2 ?‘ = —2(1) — (~2)(3) or 4

18. _12 _;‘ = 13(=8) — (=5)(7) or —69
19. _g 72‘ = —6(—8) — 0(5) or 48

Chapter 2
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20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

4 -1 -2
0 2 1 =4ﬁ ;’—H)‘g ;"+(—2)’g ﬂ
2 1 3
= 4(5) + 1(~2) — 2(—4)
=26
2 -1 3
3 0 -2
1 -3 0
Lol 0 2l 3 2 g3 0
-3 0 1 0 1 -3
= 2(—6) + 1(2) + 3(-9)
= —37
8 9 3
R FEIEREE
-1 2 4
= 8(6) — 9(19) + 3(11)
= -90
4 6 7
R R
101 1
= 4(2) — 6(7) + 7(5)
-1
25 36 15
31 —12 -2
17 15 9
o512 —2| _g31 —2|, 531 —12
15 9 17 9 17 15
= 25(—78) — 36(313) + 15(669)
= —3183
15 —36 2.3
43 05 2.2
16 82 66l L5 29
=150 2% —(=36)| 0 o+
‘8.2 6.6‘ ( )‘—1.6 6.6‘
o3| 43 05
~1.6 82
= 1.5(—14.74) + 3.6(31.9) + 2.3(36.06)
= 175.668
0 1 -4
EREH SR
8 -3 4
= 0(17) — 1(~12) — 4(—25)
=112
2 :3‘ = 2(=2) — (=2)(—=3) or —10
' ir-2'3
10|: 2 2:|
? 8 = 2(0) — 1(0) or 0
does not exist
‘1‘ §‘=4(2)—1(2)or6

i3

-1
. ;‘:6(7)—(—6)(7)01"84
af7r -1
84 6 6:|
4 6~ 4o
— 4(—=12) — 8(6) or 0

does not exist



32.

33.

34.

35.

36.

37.

38.

9 13
o7 36‘ 9(36) — 27(13) or —27
1] 36 -13
27[—27 9}
3 1
4 8 =%(%)—5(—§)0r1
-5 %
(1 T
2 8
L
4 -1 [«]_[1
IR NNE
1 2 1]_1] 2 1]
‘4 *1‘ [—1 4} 9[—1 4]
1 2
il 2 1].[4 —1]. [«]_2f 2 1].[1
N R W IR
x] _[1
1= 15
1,3)
9 —6|. [x]_[ 12
R
1 6 6|__1| 6 6
‘9 *6‘ [—4 9} 78[—4 9}
4 6
Al 6 6]_[9 —6]. [x]_2] 6 6].[] 12
I R VR R e I
x| _[ O]
[y, {*2;
0, —2)
1 5], [x]_[ 26
5 )] = -5
1 -2 —=5|_ _1[-2 -—5]
‘1 5‘ [_3 1i| 177_3 17
3 -2
_i[-2 =5].[1 5] [x]_ _1[-2 —5] 26
17[—3 1] [3 —2] ¥ 17{—3 1][—41
x| _[-9
Y] [7]
(=9,7
4 8] [x]_[7
5 5= 1o)
1 -3 -8|_ _1[-3 -8
’4 8‘ |:_3 4:| 36|:_3 4:|
3 -3
_1[-3 —8].[4 8].[«x]__2[-38 -8].[7
I R e
x} 7
=112
-
. . 12|
(E’E)
3 —5| [x]_[—-24
15 4] |v] [—3,
1 4 5]_1[] 4 5
‘3 *5’ [—5 3 7 [—5 3]
5 4
1[4 5] [8 —=5] . [x]_] 4 5| [—24
a7 [—5 3] 15 4] |y] 37[—5 3] [—3]
(x] _[-3
Y] [3]
(3,9

49

39.

-1
—12
15

1

(2 4
9 3
42. —216

43. 30,143

-2
—15
21

© |
T

3Bl
e

[—4 1 -10 —4

-3 3 —3] : l 0]

| 5 1 8 1
[—4(—4) + 1(0) + (—10)(1)
—3(—4) + 3(0) + (—3)(1)]
5(—4) + 1(0) + 8(1)

1 — 5 3 X
211 -2 —1|"|y
—33] 1 1 z
1— -1 -2 1 -9
=-9l-12 -15 21|'| 5
| 15 21 —-33 -1
L —1(=9) + (=2)(5) + 1(—1)]
= —g| —12(=9) + (—15)(5) + 21(—1)
15(—=9) + 21(5) + (=33)(—1)
1—72
= 9| 12
| 3
2
)
T o4
3
1
T3

Chapter 2



4, [0.3 0.5] . m _ [4.74}
12 —65] |y| |[-1.2
1 65 —05|_ __1[-65 —05
‘03 05‘ [—12 0.3] 7-95{—12 0.3]
12 -6.5
__1[-65 —05] [03 05], [x
7-95[—12 0.3] [12 —65} [y]
___1[-65 —05]| [4.74
7-95[712 0.3] [71.2]
x| _|3.8
Mt
(3.8,7.2)

45. 2(x — 2y + 2) = 2(7)

6x + 2y —2z=4

2(6x + 2y — 22) = 2(4)
4x + 6y + 4z = 14

8 —2

[16 10

1 10 2]_ 1

‘ 8 —2’ |:_16 8:| 12
16 10

1l 10 2].[ 8 -2

112[—16 8] [16 10

x—2y+tz=17
2—-2(-1)+z=17
z=3

2, -1,3)

46.
the first year, and let y
cars in the second year
x + y = 390,000
x =y + 90,000

H{E

—

1

2x — 4y + 2z =14

6x +2y —2z= 4
8x — 2y =18
12x + 4y —4z= 8
4x + 6y + 4z =14
16x + 10y =22

['B)- ]2
BrH

[ Bl 18 ) [z

Let x represent the number of cars produced in

represent the number of
x + y = 390,000
x —y = 90,000
_ [390,000
90,000

1 -1 —-1]_ _1[-1 -1
‘1 1‘ [—1 1} 2[—1 1}
1 -1
_1-1 -1 |1 1|, |x
N IR
_ _1[-1 -1].[390,000
2l -1 1] [90,000]
x| _ [240,000
u [150,000}

150,000 in the second year and 240,000 in the first year

47. Let A = {an

Qg1 Qg2

op)

a12] and [ = [(1) g]

v

%11‘122 T A91099

-1
4 0 ~an

Q1109 ~ A91013 0

an 0

Ldryyagp — agiayy

Ldy a9y — a910y9

ay10gy ~ Gg1a15
0O

@119y + a0y, [

11%2 ~ %91%2

[f219%2 ~ %91%s0

1199 — 9109

Q11099 ~ 491959

O

[G11G29 — Ag1019

Thus,

Chapter 2

O

1099 ~ A91%3

50

48.

1

0.15

49.

50.

51.

Let x represent the number of gallons of 10%

alcohol solution, and let y represent the number of

gallons of 25% alcohol solution.
x+y=12
0.10x + 0.25y = 0.15(x + y)
0.10x + 0.25y = 0.15x + 0.15y

—0.05x + 0.10y = 0
1

s b SO IV I i ]
~0.05x + 0.10y =0 L7005 0.10] [y 0
1 010 —1|__1[0.10 -1
‘ ! 1’ [0.05 1] 0-15{0.05 1]
—0.05 0.10
010 —17. 1 1] . [x
[0.05 1] [—0.05 0.10] [y]
_ 1010 -17.[12
0151 0.05 1} [0]
x|_|8
Nk

8 gal of 10% and 4 gal of 25%

Yes

A=|¢ b}. Does (4271 = (A4~1)?
c d

42— [a* +bc ab+bd
ac +cd be+ d?
_ 1 [ be+d2 —ab— bd
A)7! = 2@ 2abed + B —ac—cd a®+ bc]
1 d -b]_ |24 b
Al == bc[—c a] = adi—cbc ad; be
—ad — be (sz - be
_ 1 bc+ d* —ab—bd
A = 27 sabed 7 07 —ac—cd a’+ bc]
Thus, (42)71 = (A~ 12,
e b 1
A=7le d 1
e f 1
1 1 -3 1
=50 4 1
3 0 1
S g0 Y ealo 4
0 1 3 1 3 0
= 3a@ + 3(-3) + 1(-12))
= %‘—17‘ or 8.5
8% or 8.5 square units
Let x represent the cost of complete computer

systems, and let y represent the cost of printers.
day 1: 38x + 53y = 49,109
day 2: 22x + 44y = 31,614
day 3: 21x + 26y = 26,353
using day 1 and day 2:
38 53| . |x|_|49,109
{22 44} [y] [31,614]

1 44 —53|_ 1[ 44 -53]
‘38 53‘ [—22 38] 06| 22 38|
22 44
_1[ 44 -53| [38 53] [«
506[—22 38} [22 44] [y]
_ 1] 44 -53] [49,109
506 —22 38| {31,614

)= [55)

computer system: $959, printer: $239

]



52. Let x represent Jessi’s first test score, and let y
represent Jessi’s second test score.

x+y=179 x+y=179
y=x+17 x—y=-17
1 1] . [«x]_[179
1 -1] |y] =7
1 -1 —1]_ _1f-1 -1
‘1 1‘ -1 1 2l-1 1
1 _
_if=1 —1]. (1 1] [x]_ _i[-1 -1].[179
2l-1 1 |1 -1 |y -1 1] | -7
[x] _[86
y 93

first test: 86, second test: 93
53. [8 4 0 4]+[—3 -3 -3 —3]
5 1 5 9 4 4 4 4
_[8+(=3) 4+(-3) 0+ (=3 4+ (-3
[ 5+4 1+4  5+4 9+4]
51 -3 1
{9 5 9 13}

H'(5,9), I'(1, 5), J'(=3, 9), K'(1, 13)

-4 o0 3 0

55. x— 3y +2z2=6 x—3y+2z= 6
2(4x +y — 2) = 2(8) 8x+ 2y —2z=16
Ix — y = 22
4(4x +y — 2) = 4(8) R 16x + 4y — 4z = 32
—7x — 5y + 4z = —10 —Tx — by +4z=—10
Ix — y = 22
—109x —y) = —1(22) —9x +y=—22
9x —y =22 Ix—y= 22
0= 0
infinitely many solutions
56. g(x) A
x fx) o
—-6=x<-5 2 I
—5=x<-—4 0 o X
—4=x<-3 —2 M 1
—3=x< -2 -4 0o 1
—2=x<-1 | -6 |9W="2x+50y
O T
1
57. y—5=5(—-2)
y - =éx—1
2y —10=x— 2
x—2y+8=0
58. m=o—
—_TZ or —2
y—5)=-2x—1or(y —3)=—2x—2)
y—5=-2x—-1)
y—56=-2x+2
y=—-2x+17
59a. % or approximately 0.0833
1 X
59b. 5 =15
18 = 12x
1.5=x;1.51t

51

60. [fo g](x) = fg(x))
=flx— 1)
=@x—-1)2+3x—1)+2
=x2—-2+1+3x—3+2
=x2 +x

[g° 1) = g(fx))
=g+ 3x+ 2)
=x2+3x+2-1
=x2+3x+1

No, more than one element of the range is paired

with the same element of the domain.

61.
62. The radius of circle E is 3, so the circumference is
2m(3) or about 18.85. The diagonal of the square
_6V2 _
2
3\/5. The perimeter of the square is 4(3\/5) or
12V/2 ~ 16.92.
The difference between the circumference of the
circle and the perimeter of the square is
approximately 18.85 — 16.92 = 1.93.

The correct choice is B.

has length 6, so each side has length VGE

Graphing Calculator Exploration:

2-5B | Augmented Matrices and
Reduced Row-Echelon Form
Page 106
(2 1 -2 7 1 0 0 : -1
1.|1 -2 -5 : —1] , [0 1 0 : 5],
4 1 1 : —-1] (0 0 1 : -2
(1,5, -2)
1 1 1 : 6 1 0 0 : 7
2.12 -3 4 : 3], [0 1 0 : ],
|4 -8 4 : 12 00 1 : -2
(7,1, =2)
[ 1 1 1 1 offr 0 0 O 1
3. 2 1 -1 -1 110 1 0 O -1
-1 -1 1 1 0|0 0 1 O 20
L O 2 1 0 0jlO 0 0 1 -2
1, -1,2, -2

4. Exercise 1: x = —1,y = 5, z = —2; Exercise 2:
x=Ty=1,z= —2; Exercise 3: w=1,x = —1,
y = 2,z = —2; They are the solutions for the
system.

5. The calculator would show the first part of the
number and follow it by ....

Solving Systems of Linear

26 Inequalities

Page 109-110 Check for Understanding
la. the sum of twice the width and twice the height
1b. Sample answer: skis, fishing rods

2. Tomas is correct. There are functions in which the
coordinates of more than one vertex will yield the
same value for the function.

Chapter 2



3. You might expect five vertices; however, if the
equations were dependent or if they did not
intersect to form the sides of a convex polygon,
there would be fewer vertices.

4.
5.
1.9l fo D
' i AN
(—=1,0), (-1, 3), (0, 4), (7, 0.5), (7, 0)
6. J

flx, y) = 4x + 3y

(0, 2) = 4(0) + 3(2) or 6

f(4, 3) = 4(4) + 3(3) or 25
25 —5) = a(25) + (=) or 85

flx,y) = 3x — 4y

f(3,5) = 3(3) — 4(5) or —11
f(7,7) = 3(7) — 4(7) or =7
f(5,3) = 3(5) — 4(3) or 3

3, —11

Chapter 2
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8. Let x represent the number of greeting cards sold,
and let y represent the income in dollars.
x=0
y=0
y = 0.45x + 1500
y = 1.70x

=1.70x
y"}'

60001
40001
+ y=0.45x + 1500

2000 17" (1200, 2040)

Ol 2000 4000 6000 X

at least 1200 cards

Pages 110-111 Exercises

9. ¥

NS4

10. LYY4
\\ 'J\
VI y=—3x+3
MK
[
) {
440, o slE )
D 1h |y =1~
y=—8xt1 | v
—-1lolvih|2[x
NI
11. =AY 4
Nl -
2X+5yFE 25 DNo e
A A
I /4’ M
i o
O I'l I// X
7[5x—7y=14
3¢
i
YE3XE?2
I
12. yes, it is true for both inequalities:
y<§x+ 5 y=2x+1
24503 +5 —2%93) +1
—2<4 true —2<T7 true



16.

17.

(2, 5),(7,0), (4, 0), (1, 5)
flx,y) =8x+y

£(0,0) =80) +0o0r0
f(4,0) = 8(4) + 0 or 32
£(3,5) = 8(3) + 50r 29
£0,5)=80) +50r5
32,0

Ay X=23

2x|-5y=—10 4

10, 2) (5, 2)|v = 2x

floe, y) = 3x + y

(0, 2) = 3(0) + 2 or 2
(5, 4) = 3(5) + 4 or 19
£(5,2) = 3(5) + 2 or 17
19, 2

53

19.

20.

f,y) =y —x
f(0,0)=0—-00r0
f(0,4)=4—-0or4
f(2,00=0—2o0r —2

4, —2
yr 4x—5y=10
1 (5, 6) y=6
T (10, 6)
T 2x—5y=-10
#1(0,2)
O__: +——t+—+—+—+—+— :X
f,y) =x+y

f(0,2) =0+ 2o0r2
f(5,6) =5+ 6o0r 11
(10, 6) = 10 + 6 or 16
16, 2

17}
\'(o, 4)
X=07 \ x+
(0,1)]

fle,y) =4x+ 2y + 7

f(0, 1) = 4(0) + 2(1) + 7or 9
f(0, 4) = 4(0) + 2(4) + Tor 15
f(3,1) = 4(3) + 2(1) + 7or 21
21,9

flx,y) =2x—y
(-2, —2)=2(-2) — (=2)or 0
f(—1,2) =2(—1) — 2 or —4
f(3,1) =2(8)—1lorb
f4, —1) = 2(4) — (=1)or 9
9, —4

Chapter 2



2x+y+2=16

22. yi
1,8, \G.8

y=38

N

(1 h\

fle,y) = —2x+y+5

OV ¥y=5-x \ x

f(1,4)=-2(1)+4+50r7
f(1,8) = —2(1) + 8 + 50or 1l
(3,8 =-23) +8+50r7
f(6,2) = —2(6) + 2 + 5 or —5
f(3,2)=—-2B8)+2+5or1

11, =5

23. x=4,x=—-4,y=4,y=—4
24. Sample answer: y = 3, x = 4, 4x + 3y = 12

25a. 3y = —2x + 11
y=0

y=2x—13
y=0

y=16—x
y=2x—13

y=16 —x
2y = 17

2y = 17
y=3x+1

y=7—2x
y=3x+1

3y =—2x+ 11
y=7—2x

Chapter 2

3y =—2x+ 11
3(0) = —2x + 11
5r =« (55,0
y=2x— 13
0=2x—13

1 1

5 = X (65,0)
16 — x
16 — x

29

3

Y
2x — 13
x

y=16 —x
y=16—2*39
19 29 19
3 (?’?>
2y = 17
2(16 —x) = 17

1
x =15

y=17-2x
3x+1=7-2x
6

3y =—-2x+ 11
3(7T—2x) = —2x + 11
1
25 =x
=7-2x
J 1
y=7—2(2§>

=2 (2% 2)
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26.

f(53, o) = (5%) + 6(0) or 275

f(63, o) =5 6%) + 6(0) or 32

(%, %) = 5(%) + 6(;9) or 865
,8%) = 5(7%) + 6(85) or 883

MR

-
\]

-

o[
[\]

-
\]

~

NSNS NS NN NN

oo N

°‘|cmo
—— ——

I

Ut

N

oo
DO [ = —r

x +y =200
2x + y = 300
x=0
y=0

flx, y) = $6.00x + $4.80y
(0, 0) = $6.00(0) + $4.80(0) or O
£(0, 200) = $6.00(0) + $4.80(200) or $960
f(100, 100) = $6.00(100) + $4.80(100) or $1080
f(150, 0) = $6.00(150) + $4.80(0) or $900
$1080

27a. Let x represent the Main Street site, and let y

represent the High Street site.
x =20

y =20

10x + 20y = 1200

AV Ax=20
TN(20,50)
1 10x + 20y = 1200

y=20
(20 20) g0, 20)~
oy’ ST T T T X

27b. f(x,y) = 30x + 40y

27c.  flx,y) = 30x + 40y
£(20, 20) = 30(20) + 40(20) or 1400
£(20, 50) = 30(20) + 40(50) or 2600
f(80, 20) = 30(80) + 40(20) or 3200
80 ft2 at the Main St. site and 20 ft2 at the High
St. site
27d. Main Street: $1200 + $10 = 120 ft2

120 X 30 = 3600 customers
High Street: $1200 + 20 = 60 ft2
60 X 40 = 240 customers
The maximum number of customers can be
reached by renting 120 ft2 at Main St.



28a. 3 1is $3 profit on each batch of garlic dressing and

2 is $2 profit on each batch of raspberry

2. Sample answer: In an infeasible problem, the

region defined by the constraints contains no

dressing. points. An unbounded region contains an infinite
28b. 2x + 3y < 18 number of points.

2x+y=10 . Sample answer: First define variables. Then write

x=0 the constraints as a system of inequalities. Graph

y=0 the system and find the coordinates of the vertices

of the polygon formed. Then write an expression to
be maximized or minimized. Finally, substitute
values from the coordinates of the vertices into the
expression and select the greatest or least result.

y

0.5x+1.5y=17

flx,y) = 3x + 2y [
(0, 0) = 3(0) + 2(0) or 0 P

4 6 8101214

5a. 25x + 50y = 4200
5b. 3x + 5y = 480

£(0, 6) = 3(0) + 2(6) or 12
f(3,4) = 3(3) + 2(4) or 17
£(5,0) = 3(5) + 2(0) or 15

3 batches garlic dressing, 4 batches raspberry 5c. 160 y
dressing 148 (0, 84)
2 1
29. =22 - (-3)(1 7 &
2203 o Xy
1 [2 —1] gg i
3 2 I
201(0,0)
30. |7 ——
T OY20 60 100 140
1 N 5d. P(x, y) = 5x + 8y
P N VN
ol N  x 5e P(x, y) = bx + 8y
| \ P(0, 0) = 5(0) + 8(0) or O
1 ) P(0, 84) = 5(0) + 8(84) or 672
pr<-2x+8, P(120, 24) = 5(120) + 8(24) or 792
1 \ P(160, 0) = 5(160) + 8(0) or 800
d 160 small packages, 0 large packages
31, ol 5f. $800
40+ 5g. No; if revenue is maximized, the company will
20 To not deliver any large packages, and customers

with large packages to ship will probably choose
another carrier for all of their business.

321yt 23 P

740 L
_p04t 6. Let x = the number of brochures.
03 Let y = the number of fliers.
3x + 2y = 600
32. {16}, {—4, 4}; no, two y-values for one x-value x =50 ‘{ =50
whziytz = 150 300 [ .
33. o5 Y N0, 225)
w+x+y+z=60 2001 (100, 150)
1 y=150
1007 1 (50\50)
. . 3x + 2y = 600
2-7 | Linear Programming Ol [100" 208 300" ¥

C(x,y) = 8x + 4y
C(50, 150) = 8(50) + 4(150) or 1000¢
C(50, 225) = 8(50) + 4(225) or 1300¢
C(100, 150) = 8(100) + 4(150) or 1400¢
50 brochures, 150 fliers

Pages 115-116 Check for Understanding
1. Sample answer: These inequalities are usually
included because in real life, you cannot make less
than 0 of something.
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7. Let x = the number of Explorers.
Let y = the number of Grande Expeditions.
x+y=375
9% + 3y = 450
x=0
y=0

R(x, y) = 250x + 350y

R(0, 0) = 250(0) + 350(0) or 0
R(0, 150) = 250(0) + 350(150) or 52,500
R(225, 0) = 250(225) + 350(0) or 56,250
225 Explorers, 0 Grande Expeditions

8. Let x = the number of loaves of light whole wheat.

Let y = the number of loaves of regular whole
wheat.
2x + 3y =90
x+ 2y =80
x=0
y=0

P(x, y) = 1x + 1.50y

P(0, 0) = 1(0) + 1.50(0) or 0
P(0, 30) = 1(0) + 1.50(30) or 45
P(45, 0) = 1(45) + 1.50(0) or 45
alternate optimal solutions

Pages 116-118
9. VA

W1
\

Exercises
infeasible

unbounded

8 X
ol 8 162 3'24M

Chapter 2
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11. ¥
x=4

y=3
(4,3)

CE

ol 3 oN@, 0 x
1 \‘«UH- Iy=12

flx,y) =3 + 3y
£(5,3) =3+ 3@ or 12
f(4,3) =3 + 3(3) or 12
f(4,0) = 3 + 3(0) or 3
£(3,0) =3 + 3(0) or 3
alternate optimal solutions
12a. Let g = the number of cups of Good Start food

and s = the number of cups of Sirius food.
0.84g + 0.56s = 1.54

12b. 0.21g + 0.49s = 0.56
12¢. S
3¢(0, 2.75)
21 0.81y + 0.56s = 1.54
1‘ 495 = 0.56
(2.67, 0)
o 1 Ty
12d. C(g, s) = 36g + 22s
12e. C(g, s) = 36g + 22s
C(0, 2.75) = 36(0) + 22(2.75) or 60.5
C(1.5, 0.5) = 36(1.5) + 22(0.5) or 65
C(2.66, 0) = 36(2.66) + 22(0) or 95.76
0 cups of Good Start and 2.75 cups of Sirius
12f. 60.5¢
13a. Let d = the number of day-shift workers
and n = the number of night-shift workers.
d=5
n=6
d+n=14
13b. dj \
(6, 8) kn =14
d=5
(9,9)
n==56
O:::::::::::”
13c. $5.50 - 4 + $7.50 - 4 = $52
$7.50 - 8 = $60
C(n, d) = 52d + 60n
13d. C(n, d) = 52d + 60n

C(8, 8) = 52(8) + 60(6) or 776
C(9, 5) = 52(5) + 60(9) or 800
8 day-shift and 6 night-shift workers



13e. 3776

14a. Let x = the number of acres of corn.
Let y = the number of acres of soybeans.

x+ y=180
x EZO ZE&-V x=40
y =20 \
x =2y 1 x+y=180

1001 x=2y

I AN
y=
O Y 100 20

P(x, y) = 150x + 250y

P(40, 20) = 150(40) + 250(20) or 11,000
P(120, 60) = 150(120) + 250(60) or 33,000
P(160, 20) = 150(160) + 250(20) or 29,000
120 acres of corn, 60 acres of soybeans

14b. $33,000

15. Let x = the questions from section I.
Let y = the questions from section II.

6x + 15y = 90

y=2 Y
x=0 1210
81(0,6)
‘4‘j_ 6x + 15y = 90
-4
DA (W)
ol 4 8 12 16

S(x, y) = 10x + 15y

16.

5(0, 2) = 10(0) + 15(2) or 30
5(0, 6) = 10(0) + 15(6) or 90
5(10, 2) = 10(10) + 15(2) or 130
10 section I questions, 2 section II questions
Let x = the number of food containers.
Let y = the number of drink containers.

x+y=1200 y
x = 300 \
y =450 1200:\ (300, 900)
800+ X+ y=1200
(300, 450)+ | "\ (750, 450)

00T y =450
1 |x=2300

Ol 400 800 1200X

P(x, y) = 17.50x + 20y
P(300, 450) = 17.50(300) + 20(450) or 14,250
P(300, 900) = 17.50(300) + 20(900) or 23,250
P(750, 450) = 17.50(750) + 20(450) or 22,125

$23,250

57

17.

18.

19.

Let x = amount to deposit at First Bank.
Let y = amount to deposit at City Bank.
x + y = 11,000

0 =x = 7500
1000 = y = 7000

x = 17500

‘\V..
12,000 x + y =[11,000

8900: (4000, 7000),, _ 7ggg
(0, 7000)"F
1 (7500, 3500)
(0, 1%%%% \X(mu, 1000)

Ay . . f Do .
01 | 4000 800 100X

y = 1000

I(x, y) = 0.06x + 0.065y

1(0, 1,000) = 0.06(0) + 0.065(1,000) or 65

10, 7000) = 0.06(0) + 0.065(7,000) or 455
1(4000, 7000) = 0.06(4000) + 0.065(7000) or 695
1(7500, 3500) = 0.06(7500) + 0.065(3500) or 677.5
1(7500, 1000) = 0.06(7500) + 0.065(1000) or 515

$4000 in First Bank, $7000 in City Bank

Let x = the number of nurses.

Let y = the number of nurse’s aides.
x+y=250 y
x+y=20 i
y=12 ‘%{

x =2y

a0t
x‘-l\lq

20
h

=2

C(x, y) = 35,000x + 18,000y

C(24,12) = 35,000(24) + 18,000(12) or

1,056,000

C(33.3, 16.7) = 35,000(33.3) + 18,000(16.7) or

1,466,100

C(38, 12) = 35,000(38) + 18,000(12) or

1,546,000
24 nurses, 12 nurse’s aides

Let x = units of snack-size bags.
Let y = units of family-size bags.

x + y = 2400 y
x = 600 \ x =600
y = 900 2400
+\ (600, 1800)
1600t X+ y= 2400
1 (1500, 900)
BUU:: y= 900
| 600,900)\
Ol B00 1600 2408, X

P(x, y) = 12x + 18y

P(600, 900) = 12(600) + 18(900) or 23,400
P(600, 1800) = 12(600) + 18(1800) or 39,600
P(1500, 900) = 12(1500) + 18(900) or 34,200

600 units of snack-size, 1800 units of family-size

Chapter 2



20. Let x = batches of soap.
Let y = batches of shampoo.
12x + 6y = 48
20x + 8y =76
x=0
y=0

3 batches of soap and 2 batches of shampoo

21. Let x = the number of small monitors.
Let y = the number of large monitors.
x+2y=16
x+y=9
x+ 4y =24
x=0

y=0

P(x, y) = 40x + 40y

P(0, 0) = 40(0) + 40(0) or O
P(0, 6) = 40(0) + 40(6) or 240
P(4, 5) = 40(4) + 40(5) or 360
P(9, 0) = 40(9) + 40(0) or 360
alternate optimal solutions

Area of trapezoid ACDE = 5(12)(13 + 1)
=84

Area of AABF = 4(10)(3)
=15
Area of shaded origin = 84 — 15
= 69 square units
23a. Let x = oil changes.

Let y = tune-ups. y
x =925 T x=25
0=y=10 601
30x + 60y = 30(60) 404 30x + 60y = 1800
A (25,10
207 (40, 10)
y=a0 T ~(60,0)
y=00) 20\ 40 60X
(25, 0)

P(x, y) = 12x + 20y
P(25, 0) = 12(25) + 20(0) or 300
P25, 10) = 12(25) + 20(10) or 500
P(40, 10) = 12(40) + 20(10) or 680
P(60, 0) = 12(60) + 20(0) or 720
$720

Chapter 2
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23b. Sample answer: Spend more than 30 hours per
week on these services.

flx,y) = %x - %y
f(~15, =10) = 5(~15) — 5(~10) or 0
f(0, 5) = 5(0) — 5(5) or —25
f(15, —10) = 5(15) — 5(~10) or 10

.. 1 .
minimum: —25, maximum: 10

25.4x+y=6 dx+y=6
x =2y — 12 42y —12) +y=6
8 —48 +y=6
y=6
x =12y — 12
x=2(6)—120r0 0, 6)
26.
Gl '/
! 9 y=3lx—2l
0 6 \ /
1 3
\|/
2 0
O X
3 3
27. Sample answer: C = $13.65 + $0.15(n — 30);

C = $13.65 + $0.15(n — 30)
C = $13.65 + $0.15(42 — 30)
= $15.45
2¢-3 _3-x
x 2
2(2x — 3) = x(3 — x)
4x — 6 = 3x — «2
¥?+x—-6=0
x+3)(x—2)=0
x+3=0o0rx—2=0
x=-3 x=2
The correct choice is A.

28.

Chapter 2 Study Guide and Assessment

Page 119 Understanding and Using the Vocabulary

1. translation 2. added

3. determinant 4. inconsistent
5. scalar multiplication 6. equal matrices
7. polygonal convex set 8. reflections

9. element 10. multiplied



Pages 120-122 Skills and Concepts

11. 2y = —4x y=—-x—2
2(—x — 2) = —4x y=-2-2
—2x — 4= —4x y=—4

x=2
2, —4)

12. 6y —x=0 y=x—25
6(x—5)—x=0 y=6-5
6x—30—x=0 y=1

x=6
(6, 1)
13. 3y tx=—1 2x = By
x=-1—3y 2(—=1 — 3y) = by
—2 — 6y = by
1 Y
2x = By
2
2x = 5(—;{)
2
x= __15T <__15T’ __ﬁ)

14. 2y — 1bx = —4 y=6x+1
2(6x +1) — 1bx = —4 y=62) +1
12x + 2 — 15x = —4 y =13 (2,13)

x=2

15. 5(3x — 2y) = 5(—1) 15x — 10y = =5
2(2x + by) = 2(12) 7 4x+ 10y =24

19x =19
x=1
2x + by = 12
2(1) + by = 12
y=2 1, 2)
16. x + 5y = 20.5 x + by = 20.5
3y —x=13.5 7 —x+3y=13.5
8y = 34
x + 5y = 20.5 y =425
x + 5(4.25) = 20.5
x=—0.75 (—0.75, 4.25)

17. 3(x — 2y — 32) = 3(2) 3(x — 4y + 32) = 3(14)

—3x+bHy+4z=0 —3x+5y+4z=0

! [

3x — 6y —92=6 3x — 12y + 9z =42
—3x+5y+4z=0 —3x+ by+ 4z= 0
-y —5z=6 — Ty + 13z = 42
—T7(—y — 52) = —7(16) Ty + 35z = —42
=Ty + 13z = 42 =Ty + 13z =42

482 =0

z=0

-y —5z=6 x—2y—3z2=2

-y —50)=6 x — 2(—=6) — 3(0) = 2
y=—6 x=—10

(=10, —6,0)
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18.

19.

20.

21.

22.

23.

24.

25.
26.

—x+2y—6z=4

x+ y+2z=3
3y —4z=17

—4@By — 42) = —4(7)

Ty — 16z =13

3y —4z="17

3(8) —4z=17

z2=0.5
(-1, 3,0.5)
x—2y+z="17

3x+ y—z=2

2(—x + 2y — 62) = 2(4)

2x+ 3y —4z=5
!

—2x + 4y —12z= 8
2+ 3y — 4z= 5
Ty — 16z =13

—12y + 16z = —28

7y — 16z = 13

—by =-15
y=3
x+y+2z=3
x+ 3+ 2(0.5) =3
x=-1

2Bx +y —2) = 2(2)
26+ 3y +2z=17

dx — y =9 1
6x + 2y —2z2= 4
2+ 3y +2z= 17
8x + 5y =11
5(4x — y) = 5(9) - 20x — 5y = 45
8x + by =11 8x + 5y =11
28x =56
x=2
dx—y=9 x—2y+z="17
42) -y =9 2-2(-1)+z=17
y=-1 z=3
2, —-1,3)
A+ B=|TT(3 8+(—5)]
 0+2 —4+4+ (-2
_[4 3
12 —6
B_A:_—3—7 —5—8]
| 2-0 —-2-(-4)
_[-10 -13
R
_13(=3) 3(—5)
o0 [ 3(2) 3(—2)]
_[-9 -15]
R
_ac=| —4®@
aC [74(75)7
_|-8
Bl
AB = [7 8] [-3 -5
0 -4 | 2 -2
_ [ 7(=3) +8(©2) 7(—5) + 8(—2)]
0(=3) + (=92 0©2) + (=9(-2)
-5 —51
or
{*8 8
impossible
4A + 4B = 4A + (—4B)
47 48 —4(=3) —4(-5)
4= [4<0> 4(—4)] —4B = [ —4(2) —4(—2)]
_ |28 32 _ |12 20
[ 0 —16 -8 8
4A+(—4B)=[28+12 32+20]
0+ (-8 —-16+8
_| 40 52
% 5

Chapter 2



27. impossible

28.742 5[, (-3 -3 —=3|_|-7 -1 2
3 1 -3 -4 —4 —4 -1 -3 -7

A'(-17,-1),B'(-1,-3),C'(2, =)

99 [1 O].[-2 -1 0 1]_[-2 -1 0
o -1 |-3 2 4 -2 3 -2 —4

wW'(-2, 3), X'(-1, —=2), Y'(0, —4), Z'(1, 2)

s0.[-1 O].[2 2 -1 -1]_[-2 -2 1
0 -1 |3 -5 -5 3 -3 5 5
D'(-2, -3), E'(-2,5), F'(1,5), G'(1, —3)

Vi
E, F

G | D

D 1 G

31. 0.5{ 31 —1]:{1.5 0.5 —0.5]

-4 2 1 -2 1 0.5
P'(6, -8), Q'(2,4), R'(-2, 2)

Chapter 2

2

1
-3

]

60

33.
34. :

35.

36.

317.

38

39.

40.

41.

42,

43.

44.

1 0].[-4 2 5|_[-4 25

[0 71}[3 1 73] [73 1 3]

0 -1].[-4 2 5|_[ 3 -1

1 0} -3 1 3] [—4 -2
4 (

57" = —3(7) — (—4)(5) or —1

3
4
g ‘4‘ = 8(3) — (—6)(~4) or 0

3
3 -1 4
5 -2 6
7 3 -4
P T N B T
3 —4 7 -4 7
= 3(—10) + 1(—62) + 4(29)
=24
5 0 -4
7 3 -1
2 -2 6
I B | e | IR
-2 6 2 6 2
= 5(16) — 0(44) — 4(—20)
= 160
. no, not a square matrix
_i’ 2‘ = 3(5) — (—~1)(8) or 23
1[5 -8
»l13
5 2
= 5(4) — 102
10 4 5(4) 0(2) or 0
no inverse
2 = 1@ T
-4 -5
-1 -3
g §‘=3(7)—5(2)or 1
1 7 -2
-5 3
2 ‘ﬂ = 2(1) — 6(—5) or 32
a[ 1 5
2 -6 2
j “21 =2() — (~1)(—4) or 0

no inverse

(-4 -4 —4] [ 5 5 5]_[1
| 6 6 6] |-3 -3 -3| |3

-2



HETE
col
R N |
M

114 =5 x
2[2 *3] K
(x| _ [—7
Y] {4
(=7,-4)
1 88 2.7]_ _1 8.8
* ’4.6 —2.7‘ [_2.9 4.6] - 48.31[_2'9
2.9 8.8
_1 [ 88 27] [46 —27] [x
4831[—2.9 4.6] [2.9 8.8] M
_¢[ 8.8
T 48.31 -29
x| _|[5.7
=[5
(5.7, 6.6)

o1

(1! _2) ~N

y=-2
flx,y) = 2x + 3y

fa, —-2) =2@1Q) + 3(=2) or —4
f, 5) =2@1) + 3(5) or 17
f(4,2) = 2(4) + 3(2) or 14

f(6, —2) = 2(6) + 3(—2) or 6

17, —4

50.

T:@JZ.N,w

'(u! 9)

X (4, 7
-(L)

y=1
x=6

2y+x=18

=89

)

1 (6,4)

NN

Page

52 [

4

o

8 h\x
fle,y) =3x+ 2y + 1
f(0,4) =30) +2(4) +1or9
f(0,9) = 3(0) + 2(9) + 1or 19
f(4,7) =3(4) + 2(7) + 1 or 27
f(6,5) = 3(6) + 2(5) + 1 or 29
f(6, 4) = 3(6) + 2(4) + 1 or 27
29,9
51. Let x = gallons in the truck.
Let y = gallons in the motorcycle.
x+y=28
0=x=25
0=y=6

N

20T

x=25

ol (22, 6)
y=6 % (25, 3)
y=00 10 20/ 3n X
(0, 0)(25, 0) N

m(x, y) = 22x + 42y

m(0, 0) = 22(0) + 42(0) or O

m(0, 6) = 22(0) + 42(6) or 252
m(22, 6) = 22(22) + 42(6) or 746
m(25, 3) = 22(25) + 42(3) or 676
m(25, 0) = 22(25) + 42(0) or 550
22 gallons in the truck and 6 gallons in the
motorcycle

123 Applications and Problem Solving

2 5 5
8 2 3
6 4 1

5
3

I

2(5) + 5(3) + 5(1)
8(5) + 2(3) + 3(1)
6(5) + 4(3) + 1(1)

Broadman 30; Girard 49; Niles 43

NH
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53. Let x = the shortest side.
Let y = the middle-length side.
Let z = the longest side.
x+y+z=83
z=3x

x+y+z=83
x+y+ 3x =83

z=%(x+y)+17 4x +y =83
z:é(x+y)+17
3x=%(x+y)+17
bx —y =34 o
[4 1]x:{83]
5 —1| [y 34
1 -1 —-1] -1 —
‘4 1’{1 1:—6{1 1]
s i Ll-5 4 -5 4
-1 -1].[4 1] f«]_ _2[-1 -1].[83
-5 4| |5 —-1] |y| -5 4] |34
(x] _[13
1Y ] 31
z=3x
2= 3(13)
z=39

13 in., 31 in., 39 in.
54a. Let x = number of Voyagers.
Let y = number of Explorers.

5x + 6y = 240 3x+2y=120

3x + 2y = 120

5x + 18y = 540 Sx + 6y = 240
x=0

y=0 (0, 39) 5x + 18y = 540

P(x, y) = 2.40x + 5.00y
P(0, 0) = 240(0) + 5.00(0) or O
P(0, 30) = 2.40(0) + 5.00(30) or 150
P(18, 25) = 2.40(18) + 5.00(25) or 168.20
P(30, 15) = 2.40(30) + 5.00(15) or 147
P(40, 0) = 2.40(40) + 5.00(0) or 96
18 Voyagers and 25 Explorers
54b. $168.20

Page 123 Open-Ended Assessment
la. A(—2, —2), B(1, —2), C(2, 1), and D(—3, 0)
Sample answer: Two consecutive 90° rotations is
the same as one 180° rotation. An additional
180° rotation will return the image to its original
position.
1b. Two consecutive 90° rotations is the same as one
180° rotation.
2. No; such a coefficient matrix will not have an
inverse. Consider the matrix equation
2 4 (x| _|12 . The coefficient 2 4 has a
4 8| |y| |o4 4 8
determinant of 0, so it has no inverse.

Chapter 2
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Page 125 SAT and ACT Practice

1. Translate the information from words into an
equation. Then solve the equation for x. Use the
correct order of operations.

(1 +2)@ + 3)3 + 4) = 5(20 + x)
1
(3)G)(T) = 5(20 + x)
105 = (20 + )
210 =20 + x
x =190
The correct choice is D.
2. First convert the numbers to improper fractions.
1 1 _ 16 25
55— 64=73 — 7
Express both fractions with a common
denominator. Then subtract.

1 1 16 25
b3 —6,="73 — 7
_ 64 15
127 12

=11
T

The correct choice is A.
3. You can solve this problem by writing algebraic
expressions.
Amount of root beer at start: x
Amount poured into each glass: y
Number of glasses: z
Total amount poured out: yz
Amount remaining: x — yz
The correct choice is D.
4. 2k —20—-1=5
20k —200=6
(x —20=3

x—2=3o0orx—2=-3
x=5 x=-1
The correct choice is D.

5. The total amount charged is $113. Of that, $75 is
for the first 30 minutes. The rest (113 — $75 =
$38) is the cost of the additional minutes. At $2
per minutes, $38 represents 19 minutes. (19 X $2
= $38). The plumber worked 30 minutes plus 19
minutes, for a total of 49 minutes.

The correct choice is C.



6. Start by simplifying the fraction expression on the

right side of the equation.
2+x 2 2

5+ x 5 5
2+x _ 4
5+x 5

To finish solving the equation, treat it as a

proportion and write the cross products.
2+ x 4

5+x 5
52 +x) =4 + x)
10 + 5x = 20 + 4x
x =10
The correct choice is E.
. Notice that the question asks what must be true.

There are two ways to solve this problem. The
first is by choosing specific integers that meet the
criteria and finding their sums.
I. 24+43=5,3+4=7
Choose consecutive integers where the first
one is even and where the first one is odd. In
either case, the result is odd. So statement I is
true. Eliminate answer choice B.

II. 2+3+4=9,3+4+5=12
One sum is odd, and the other is even. So
statement Il is not always true. Eliminate
answer choices B, C, and E.

III. 2+3+4=9,3+4+5 =12,

10 + 11 +12 =33
Statement III is true for these examples and
seems to be true in general. Eliminate answer
choice A.
Another method is to use algebra. Represent
consecutive integers by n and n + 1. Represent
even integers by 2k, and odd integers by 2% + 1.
. n+(n+1)=2n+1
2n + 11is odd for any value of n. So statement
I is always true.
n+n+1)+m+2)=3n+3
If n is even, then 3n + 3 = 3(2k) + 3 is odd.
If nisodd, then3n + 3 =32k + 1) + 3 =
6k + 3 + 3 = 6k + 6 1s even. So statement II
is not always true.

II.

III. By the same reasoning as in II, the sum is a
multiple of 3, so statement III is always true.
nt+n+1)+nm+2)=3n+3=3n+1)

The correct choice is D.

63

8.

10.

Start by representing the relationships that are
given in the problem. Let P represent the number
of pennies; N the number of nickels; D the number
of dimes; and @ the number of quarters. He has
twice as many pennies as nickels.

P=2N

Similarly, N = 2D and D = 2@. You know he has
at least one quarter. Since you need to find the
least amount of money he could have, he must
have exactly one quarter.

Since he has 1 quarter, he must have 2 dimes,
because D = 2@). Since he has 2 dimes, he must
have 4 nickels. Since he has 4 nickels, he must
have 8 pennies.

Now calculate the total amount of money.

1 quarter = $0.25

2 dimes = $0.20

4 nickels = $0.20

8 pennies = $0.08

The total amount is $0.73. The correct choice is D.

W o | ro feo

The correct choice is C.

There are two products, CDs and tapes. You need
to find the number of tapes sold. You also have
information about the total sales and CD sales.
You might want to arrange the information in a
table. Let ¢ be the number of tapes sold.

Total
Sales

Number
Sold

Price each

CDs 40 $480

Tapes t

Total $600

You can calculate the price of each CD. Since
40 CDs sold for $480, each CD must cost $12
($480 + 40 = $12). You know that the price of a
CD is three times the price of a tape. So a CD
costs é of $12 or $4. You can calculate the total

sales of CDs by subtracting $480 from $600 to get
$120.

Total
Sales

Number
Sold

Price each

CDs $12 40 $480

Tapes $4 t $120

Total $600

Now you can find ¢ using an equation.
4t = 120
t =30
Thirty cassette tapes were sold. The answer is 30.

Chapter 2



Chapter 3 The Nature of Graphs

3.1 | Symmetry and Coordinate
Graphs

Page 133 Graphing Calculator Exploration

1. f(=x) = f(x) 2. f(=x) = —f(x)

3. even; odd

4. fix) =x8 —3xt + 242 + 2
f(—x) = (—x)% — 3(—x)* + 2(—x)2 + 2

=x8 — 3x*+ 222 + 2
= f(x)
fx) = x7 + 4x° — x3
f(=2) = (=207 + 4(=x)° — (=x)3
= —x7 — 4x° + &3
= —(x7 + 4x® — x3)
= —f(x)

5. First find a few points of the graph in either the
first or fourth quadrants. For an even function, a
few other points of the graph are found by using
the same y-values as those points, but with opposite
x-coordinates. For an odd function, a few other
points are found by using the opposite of both the
x- and y-coordinates as those original points.

6. By setting the INDPNT menu option in TBLSET
to ASK instead of AUTO, you can then go to
TABLE and input x-values and determine their
corresponding y-values on the graph. By inputting
several sets of opposite pairs, you can observe
whether f(—x) = f(x), f(—x) = —f(x), or neither of
these relationships is apparent.

Pages 133-134 Check for Understanding

1. The graph of y = —x2 + 12 is an even function.
The graph of xy = 6 is an odd function. The graphs
of x =y2 — 4 and 17x% + 16xy + 17y2 = 225 are
neither.

2. The graph of an odd function is symmetric with
respect to the origin. Therefore, rotating the graph
180° will have no effect on its appearance. See
student’s work for example.

3a. Sample answer:y =0,x =0,y =x,y = —x

3b. infinitely many

3c. point symmetry about the origin

4. Substitute (a, b) into the equation. Substitute
(—=b, —a) into the equation. Check to see whether
both substitutions result in equivalent equations.

5. Alicia
Graphically: If a graph has origin symmetry, then
any portion of the graph in Quadrant I has an
image in Quadrant III. If the graph is then
symmetric with respect to the y-axis, the portion
in Quadrants I and II have reflections in
Quadrants IT and IV, respectively. Therefore, any
piece in Quadrant I has a reflection in Quadrant
IV and the same is true for Quadrants IT and III.
Therefore, the graph is symmetric with respect to
the x-axis.

Chapter 3

Algebraically: Substituting (—x, —y) into the
equation followed by substituting (—x, y) is the
same as substituting (x, —y).

6. flx)=x0+ 9x
f(=x) = (=05 + 9(—x) —f(x) = —(x5 + 9%)
f(—x) = x% — 9x —f(x) = —x5 — 9x
no

7. flx) = ?lx — x19

=9 = 5t — (01 —fw = (3 - )

f(—x) = —é + x19 —flx) = —5*136 + x19
yes
8. 6x2=y—1 - 6a2=b-1
X-axis 6a2=(-b) — 1
6a’=-b—-1 no
y-axis 6(—a)2=b-1
6a2=b-1 yes
y=x 6(b)2=a-1
6b2=a—1 no
y=-x 6(—b)%=(-a) -1
6b2=—-a—-1 no
y-axis
9.x3+y3:4 - ad+b3=4
x-axis ad + (b =
a3 —b3=4 no
y-axis (—a)? +b3=4
—a®+b3=4 no
y=x (b3 + (@) =
a®+b3=4 yes
y=-x (=0 + ()3 =
—a3—b3=4 no
y=x
10 —25 3%]/ (2513)
(—4 - ( 5 2)
=1, 2\ 1 2
o X

11.y = V2 — a2 = b=V2-a?
x-axis -b=V2-a2 no
y-axis b=V2-(-a)?

64



12. yO = «3 - 0O = a3 18. fx) = —Tx® + 8x
x-axis O-b0= a3 f(=x) = =1(—x)° + 8(—x)
bO= a3 yes f(—x) = Tx® — 8x
. b0 = (—q)3 —fx) = —(—7x° + 8x)
JaNIs - —flx) = Tx® — 8x
b0 = —a® no
yes
& 19. flx) = i — x100
| fe) = = 01w = (- 21%0)
- p(1,1) ’16 lx
+ :O ——t—t f(—x) = - 4100 —flx) = -t 100
11Y0,-1) no
20. yes;
x2-1
8 ="~
2 2 IR Ll | .
13. x-intercept: 5 % -1 g(—x) - 1 Replace x with —x.
20 g(-x) =~ (—x)2 = x2
% :; —gx) = —(ﬂ%) Determine the opposite
95 =1 of the function.
%% =25 8(=x) = —g)
x=*5 (5,0 21.xy =5 - ab= -5
other points: x-axis a(-b) = -5
whenx = 6 when x = —6 —ab = —5
36 ¥ 36 y2 . ab=5 no
% "9 =1 % 9 =1 y-axis (—a)b = =5
»_ 1 —ab = -5
9T T2 T 97 25 ab=5 no
9 _ 99 2_ 99 y=x (b)(@ = =5
YT YT ab= -5 yes
y:+3\ﬁ y:+3\ﬁ y=—x (—b)(~a) = -5
- 5 - 5
ab= -5 yes
3V11 3V11 3V11 y=xandy= —x
(6’_ 5 >’<_7_ 5 )’(_6’ 5 ) 22.x+y2:1 - a+b2=1
x-axis a+(=b2=1
. a+b2=1 yes
Pages 134-136 Exercises y-axis (—a) +b2=1
14. f(x) = 3x —a+b%2=1 no
f(—x) = 3(—x) —f(x) = —(3%) y=x (b + (a)z =1
f(=x) = —3x —f(x) = —3x b+a*=1 no
yes y=x (b + (~a = 1
15. flx) =3 -1 .—b+a = no
x-axis
f=x) = (=% — 1 —f) = —(* = 1) 23 o 8 -
fl-x) = —x® =1 —f) = =2 + 1 YT Tox - = —8a
no x-axis (—=b) = —8a
16 =52+ 6 9 —b=-8a no
. fx) = bx* + 6x + y-axis b= —8(—a)
f(=x) = 5(=x)% + 6(—x) + 9 b=8a no
f=x) = 52 — 6x + 9 y=x (@) = —8(b)
—f(x) = —(5x% + 6x + 9) a=—-8b no
—fx) = —Bx2 —6x— 9 y=—x (—a) = —8(—b)
no —a=8b no
17. flo) = = none of these
° 4x
-2 = 1 ~f) = —(3%)
f—x) = = ~f) = —%
yes
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1 1
2. y="7 - b= @2
x-axis (=b) = #
1
—-b = L2 ho
y-axis b= (_2)2
1
b= L2 yes
1
y=x (@ =2
a= # no
1
y=-X (_a) = (,b)Z
—-a = # no; y-axis
25. x2 + y2 =4 5 aZ+b2=4
x-axis a®+ (b2 =4
a2+ b2=4 yes
y-axis (—a)* + b* =14
a2+ b2 = ves 30. Sample answer:
y=x ()? + (@)* =
a2+ b%2=14 yes
y=x (b2 + (~a)?* =
a2+ b% = yes
all
2 2
26.y2="" -4 - b2 =" —4
2
x-axis (=b)? = % —4
2
b2 = % —4 yes
— )2
y-axis p2 = Ao 9a -4 31. y2 = x2 - b2=a
5 dd? X-axis (=b)* =a?
b*="g"—4 yes b2 =q
9 .
y=z @2 = ﬂgL —4 y-axis b? = (—a)?
o b2 = a2 yes; both
a2=""—-4 no
9 y
—b)2
y=—x (_0)2:%_4
2
a® = % —4 no
x-axis and y-axis X
27. 2% = - =15
. 2 _ 1
X-ax1s a” = (,b)Z
9 _ 1
a® =3 yes
] s 1 32. (kO = —3y - e = —3b
y-axis (ma)* =2 x-axis Oal= —3(—b)
o= % ves e =3b no
bl y-axis O(—a)d= —3b
y=x (b)?= @? o= —3b yes
b2 — % y-axis
a
2_ 1 y
a® =3 yes
1
y=—-X (_b)2 = (—a)?
b2 =3
a®=7;  yes “ >
x-axis, y-axis,y = x,y = —X
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33.y2+3x=0 =
x-axis

y-axis

34. (yO = 2x2 o
Xx-axis

y-axis

35.x = V12 — 82

x-axis

y-axis

T\
Q
A\ 74

36. [yl = xy -
Xx-axis

y-axis

=
|
-
)
=

[@)
—
"y
=)
)

—

b2+ 3a=0
(—b)? + 8a = 0

b2+ 3a=0 yes
b2 + 3(—a) = 0

b2-3a=0 no
x-axis

b0 = 2a2
(- b)0 = 2a2
b0 = 2a%  yes
0b0 = 2(—a)?
0b0 = 2a2
yes; both
a==*V12 — 8b?
a=+V12 — 8(-b)?
a=*V12 — 8b?
yes
(—a) = =V12 — 8b?
a=*V12 — 8b2
yes; both
0b = ab
O(—b)0 = a(—b)
0bO= —ab no
b= (—a)b

b= —ab no
neither

37. yO=x3 — x
x-axis

y-axis

O=a—a
-v0=a%-a

bO=a®—a yes

0= (—a)® — (—a)

b= —a®+a no
x-axis

The equation Oyd = x3 — x is symmetric about the

Xx-axis.
y 4
4 /
P
N 6] X
p -
1
\
\
Ll G @ v
38a. g+ ;=1 N s to=1
. @ b2
X-axis 3 o =
a? b2
5t =1 yes
—q)2 2
y-axis ( g) + % =
a? b2
3 T1o=1 vyes
.. (-a)?® (=b)*
origin 3 10 1
a? b2
s T~ 1 yes
x- and y-axis symmetry
38b. y
/ \
[ \
\ | 1O |
\ 7

38¢c. (2, —V'5), (=2, V/5), (-2, —\/B)

39. Sample answer: y = 0

40. Sample answer:

y=x+1 y=-—x+1 y=x-1
y=—-x—1 y=-2x+4 y=2x+4
y=—-2x—4 y=2x—4

y

2

4

T

“Al-y IO 1 X

[

N
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42,

43.

44.

45.

2
3—’{—25:1
,%:,2
x% =32

x = *+4V2
(4V'2, 6) or (—4V'2, 6)
No; if an odd function has a y-intercept, then it
must be the origin. If it were not, say it were
(0, 1), then the graph would have to contain (—1, 0).
This would cause the relation to fail the vertical
line test and would therefore not be a function.
But, not all odd functions have a y-intercept.

Consider the graph of y = %

17}
| 1
\ X
TT~o \“;
\
|
¥

Let x = number of bicycles.
Let y = number of tricycles.
3x + 4y = 450
5x + 2y = 400
x=0
y=0

P(x,y) = 6x + 4y
P(0, 0) = 6(0) + 4(0) or O
P(0, 112.5) = 6(0) + 4(112.5) or 450
P(50, 75) = 6(50) + 4(75) or 600
P(80, 0) = 6(80) + 4(0) or 480
50 bicycles, 75 tricycles
4 3].[8 5]_[4(8) + 39 4() + 3(6)
[7 2] [9 6] [7(8) +2(9) 7(5) + 2(6)]

_[59 38
74 47

3(2x +y + 2) = 3(0) 6x+3y+3z= 0
3x—2 —82z=-21  3x—2—3z=-21
9x + y = -21
3x — 2y — 3z=-21
4x + by + 3z= —2
Tx + 3y = —23
—39x + y) = —3(—21) —27x — 3y = 63
7x + 3y = —23 - 7x + 3y = —23
—20x = 40
x= -2
Ix+y=—-21 2c+y+z=0
9(—2) +y=-21 2(=2) +(=3)+z=0
y=-3 z=17
(-2,-3,7

Chapter 3
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46. 4x — 2y =17

48. m =

y=2x—
y=2x —

o[~ po |3

—12x + 6y = =21

consistent and dependent

16 — 2

-2-0
14
= _gor -7

y—2=-T70x—0)
y=-Tx+2

49. [f - g](x) = f(g(x))

= flx — 6)

= —-2(x—6) + 11
= —2x + 23

= 2(f®)

= g(—2x + 11)
=(—2x+11) — 6
=—-2x+5

[g° /1)

50. 753 - 757 = 753+7

= 7510
The correct choice is B.

3-2

Families of Graphs

Page 142

Check for Understanding

l.y=(x+4)3-7

2. The graph of y = (x + 3)2is a translation of y = x
three units to the left. The graph of y = x2 + 3is a
translation of y = x2 three units up.

2

3. reflections and translations

4. When ¢ > 1, the graph of y = f(x) is compressed
horizontally by a factor of c.
When ¢ = 1, the graph of y = f(x) is unchanged.
When 0 < ¢ < 1, the graph is expanded
horizontally by a factor of .

5a. g(x) = Vx + 1

5b. h(x) = —Vx — 1

5c. k(x) =Vx+2+1

6. The graph of g(x) is the graph of f(x) translated
left 4 units.

7. The graph of g(x) is the graph of f(x) compressed

horizontally by a factor of l, and then reflected
over the x-axis.

8a. expanded horizontally by a factor of 5
8b. translated right 5 units and down 2 units

8c. expanded vertically by a factor of 3, translated
up 6 units



9a. translated up 3 units, portion of graph below

x-axis reflected over the x-axis

9b. reflected over the x-axis, compressed

horizontally by a factor of %
9c. translated left 1 unit, compressed vertically by a

factor of 0.75

10. |V 4 11. y
/
O / X \ 1/
[@]
X
Y
12a.
x fx)
0<x=1 50
1<x=2 100
2<x=3 150
3<x=4 200
4<x=5 250
$250 o—e
$200 | o—e
$150: o—e
$100:: o—e
$50 p—e
0 —————————t—
0 1t 2 3 4 5
Time (h)
12b.
$250 o—e
$200
$150
$100
$50
o T S S S ———
01 2 3 456
Time (h)
12¢. $225
Pages 143-145 Exercises

13. The graph of g(x) is a translation of the graph of
f(x) up 6 units.

14. The graph of g(x) is the graph of f(x) compressed

vertically by a factor of %
15. The graph of g(x) is the graph of f(x) compressed
horizontally by a factor of %
The graph of g(x) is a translation of f(x) right 5
units.
The graph of g(x) is the graph of f(x) expanded
vertically by a factor of 3.
The graph of g(x) is the graph of f(x) reflected over
the x-axis.
The graph of g(x) is the graph of f(x) reflected over
the x-axis, expanded horizontally by a factor of
2.5, and translated up 3 units.

16.

17.

18.

19.

69

20a.
20b.
20c.

21a.
21b.

21c.

22a.
22b.

22c.

23a.

23b.
23c.

24a.
24b.

24c.

25a.
25b.

25c.

)
26.y = x ¥

27.y =

28.

reflected over the x-axis, compressed
horizontally by a factor of 0.6

translated right 3 units, expanded vertically by a
factor of 4

compressed vertically by a factor of %, translated
down 5 units

expanded horizontally by a factor of 5

expanded vertically by a factor of 7, translated
down 0.4 units

reflected across the x-axis, translated left 1 unit,
expanded vertically by a factor of 9

translated left 2 units and down 5 units

expanded horizontally by a factor of 1.25,
reflected over the x-axis

compressed horizontally by a factor of é,
translated up 2 units

translated left 2 units, compressed vertically by
a factor of %
reflected over the y-axis, translated down 7 units

expanded vertically by a factor of 2, translated
right 3 units and up 4 units

expanded horizontally by a factor of 2
compressed horizontally by a factor of %,
translated 8 units up

The portion of parent graph on the left of the y-
axis is replaced by a reflection of the portion on
the right of the y-axis.

compressed horizontally by a factor of %,
translated down 3 units

reflected over the y-axis, compressed vertically
by a factor of 0.75

The portion of the parent graph on the left of the
y-axis is replaced by a reflection of the portion on
the right of the y-axis. The new image is then
translated 4 units right.

0.25
x—4

29.

—
|_—
~

T————

Chapter 3



30.

y 31. y
—0d
/
O X
—0
/ (@) X
32. y 33. J
O X -4 O / X
14
[\ /)
[T\ g \
_ip \
i 4 \
34. | [ |VAM
\ il
\ ¥ =[ f(IxT)
— Vi 4 X
\[ ]
\[/
\A o
yEx) 7"
35a. 0
[—7.6, 7.6] scl:1 by [—5, 5] scl:1
35b. 0.5
[—7.6, 7.6] scl:1 by [—5, 5] scl:1
35¢c. —1.5
[—7.6, 7.6] scl:1 by [—5, 5] scl:1
Chapter 3
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36a. 0

[=7.6, 7.6] scl:1 by [—5, 5] scl:1
36b. 0.66

[—7.6, 7.6] scl:1 by [—5, 5] scl:1
36¢c. —0.25

[—7.6, 7.6] scl:1 by [—5, 5] scl:1
37a. 0

[—7.6, 7.6] scl:1 by [—5, 5] scl:1

37b. —2.5

J..z-”"

[—7.6, 7.6] scl:1 by [—5.5] scl:1



37c. 0.6

[—7.6, 7.6] scl:1 by [—5, 5] scl:1
38a. The graph would continually move left 2 units
and down 3 units.

38b. The graph would continually be reflected over
the x-axis and moved right 1 unit.

39. The x-intercept will be —2.,

40a. y = 0.25[[x — 1]] + 1.50if [[x]] = x
0.25[[x]] + 1.50 if [[x]] < x
40b.
x y o
0<x=1 1.50 4
1<x=2 1.75 Price 3 1
(dollars) Koam
2<x=3 2.00 20__9__9'
3<x=14 2.25 1
4<x=5 2.50 0
012 3 45
Fare Units
dla. A =3bh
1
= 5(10)(5)
= 25 units?

41b. The area of the triangle is A = 5(10)(10) or
50 units2. Its area is twice as large as that of the

original triangle. The area of the triangle formed

by y = ¢ - f(x) would be 25¢ units?.
y

:O}/:z:t:é:\:%:x

The area of the triangle is A = %(10)(5) =

25 units?. Its area is the same as that of the
original triangle. The area of the triangle formed
by y = f(x + ¢) would be 25 units2.

4lc.
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42a. (1) y = 2 Q) y =3
By = —a @y =
42b. (1) v |4 ) y ’4
4 T ol T4 8x
\[ 1] 4
-4 O|\| 4/ 8x
1A Q
°1]
¥
(3) y 4) VA
-4 o[ T4 X |
L4 -4 0]\ 4 X
i / \ |
—192 { ¥
42¢. V)y=(x—-32-5 @Qy=@x-33-5

43

By=-x-3?-5 @Wy=-@x-33-5

a. reflection over the x-axis, reflection over the
y-axis, vertical translation, horizontal
compression or expansion, and vertical
expansion or compression

43b. horizontal translation

44. f(x) = «17 — x15
=0 = (017 = (01 —fw) = @7 - 21)
f(—x) = —xl7 + x15 —fx) = —x17 + x15

45.

46.

47.

48.

49.
50.

yes; f(—x) = —f(x)

Let x = number of preschoolers.
Let y = number of school-age children.
x+y=250 y
x =< 3(10) 1
y = 5(10) [(0,50)| y=50
x=0
y=0 40: x=30
(30, 20)
2071 (30, 0)
0,01 X+ y="50
ol [~ ¥
y=0

I(x, y) = 18x + 6y
1(0, 0) = 18(0) + 6(0) or O
1(0, 50) = 18(0) + 6(50) or 300
1(30, 20) = 18(30) + 6(20) or 660
1(30, 0) = 18(30) + 6(0) or 540
30 preschoolers and 20 school-age

T | ol

A'(4,5),B'(—-3,1), C'(1, —2)

x2 =25 9=y 12 = 2z
x==5 6=z
—5(6x + 5y) = —5(—14) —30x — 25y = 70
6(5x + 2y) = 6(=3) 30x + 12y = —18
-13y = 52
y=—4

bx + 2y = —3

5x + 2(—4) = -3
x=1 (1,-4)

The graph implies a negative linear relationship.
3x —4y =20 - y = %x

. 4
perpendicular slope: —3

Chapter 3



51.5d — 2p =500 -~  p=—d— 250
~250
52. [f°glx) = flg))

=f(x2 — 6x+9)
=22 —6x+9 -2
= %xz —4x+ 4

[g° Ax) = g(f(x))
i)
=(Zx-2)—6(2x-2)+9
:32—%+4—4x+m+9

4 20
_49 20
=X 53X+ 25

53.1fm=1;d=1- " or —49.
If m = 10;d = 10 — g or 5.

Ifm=50;d= 50—%01‘49.
If m = 100; d = 100 — ~35 or 99.5
If m = 1000; d = 1000 — o5 or 999.95.

The correct choice is A.

3-3

Graphs of Nonlinear Inequalities

Page 149 Check for Understanding

1. A knowledge of transformations can help
determine the graph of the boundary of the
shaded region, y = 5 + Vx — 2.

2. When solving a one variable inequality
algebraically, you must consider the case where
the quantity inside the absolute value is non-
negative and the case where the quantity inside
the absolute value is negative.

3. Sample answer: Pick a point not on the boundary
of the inequality, and test to see whether it is a
solution to the inequality. If that point is a
solution, shade all points in that region. If it is not
a solution to the inequality, test a point on the
other side of the boundary and shade accordingly.

4. This inequality has no solution since the two
graphs do not intersect

y

O X

5. y=—bxt+ Tx3+8
-3 2 -5(-D*+7(-1)°%+8
—3 = —4; yes
6.y <[Bx—40-1
310800) — 40— 1
3 <« 3;no

Chapter 3
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7 VA4 8. V4 A 4
| \ |
/ \ |
\ |
\ ]
(@) X
[ \
| @)
|4
9. ¥
| N
7/ N
O .7 NX
il A\
4
g
10. Case 1 Case 2
[k + 60> 4 [k + 60> 4
—(x+6)>4 x+6>4
—-x—6>4 x> -2
—x>10
x < —10
{xllc < =10 or x > —2}
11. Case 1 Case 2
Bx —40=«x Bx —40=x
—-Bx—4)=x 3x—4=x
—-3x+4=x 2x =4
—4x = —4 x=2
x=1
x0l=x=2}
12a. [x — 120= 0.005
12b. Case 1 Case 2
(k — 120 = 0.005 [k — 120 = 0.005
—(x — 12) = 0.005 x — 12 = 0.005
—x + 12 = 0.005 x = 12.005
—x = —11.995
x = 11.995
12.005 cm, 11.995 cm
Pages 150-151 Exercises
13. y <3 — 4x2 + 2 4.y<kx—20+ 7
0213 —41)2+2 82083 -20+7
0<€ —1;no 8 € 8; no
15, y>—-Vx+11+1
12 NVCH T4
—-1> —2;yes
16. y<—02x2+9x—7
63 2 —0.2(10)2 + 9(10) — 7
63 <€ 63; no
17. y= x2;6
g2 LHE
—9 = —5; yes
18. y = 2P — 7
0220008 -7
0= —17;yes




20.

22.

24.

26.

28.

yS\/}-ﬁ-Z yS\/}-ﬁ-Q
02V0 + 2 42V1+2
0 = 2;yes 4 £ 3; no
y=Vx+2 y=Vx+2
12V1i+2 02V-1+2
1= 3; yes 0%i+ 2;no0
yS\/;-FZ

-12V1i+2

—1 = 3; yes

(0, 0) (1, 1) and (1, —1); if these points are in the
shaded region and the other points are not, then
the graph is correct.

A y 4 21. y
\ [
\ /
\ / 1
[ X Sl
\ / o] X
y 23. X ¥ A
M40 \ /
& \ ’
o b N
1l N7
M A
\\\V,l'
(@) 10 | X (@) X
y A 4 25 ALY
b ! \
|‘ U \
‘.‘ ,.'
\ / O X
\\ /
o X \
\
Y
y 27. yp | 4
\ /
+~10 S X
1/, \\\ \/
Y X
(@) X
y 29. | |\ 4
s \ /
o \ /
\|o| [/ X
@) X
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30.

32.

33.

34.

35.

36.

37.

38.

}’? 31. y
/1\
y,
ol/ \| [x
B / \
Y ¥ \
y 4
|
[
o
[
[
4
Case 1 Case 2
e + 40> 5 e + 40> 5
—(x+4)>5 x+4>5
—x—4>5 x>1
-x>9
x< -9
{xx < =9 or x > 1}
Case 1 Case 2
O08x + 120= 42 Bx + 120= 42
—(Bx + 12) = 42 3x + 12 =42
—3x — 12 =42 3x = 30
—3x =54 x =10
x=—18
{xx = —18 or x = 10}
Case 1 Case 2
O7—-—2x0-8<3 07 —2x0-8<3
—(7—-2x) —8<3 7—2x—8<3
-7T+2x—8<3 —2x <4
2x < 18 x> —2
x<9
xO0-2<x<9}
Case 1 Case 2
05 —x0=x b —-—xO=x
-6-x=x b—x=x
-5+x=x —-2x = -5
—5 = 0; true x=25
{xk > 2.5}
Case 1 Case 2
05x — 80< 0 Obx — 80<0
—Bx—8) <0 bx —8<0
—-5x+8<0 bx <8
—5x<8—8 x>§
x>g
no solution
Case 1 Case 2

Rx+90—-2x=0
—-2x+9) —2x=0
—2x—9—-2x=0

—4x=9

9
x=-—7

all real numbers

Rx+90—-2x=0
2¢+9—-2x=0
9 = 0; true

Chapter 3



39. Case 1 Case 2
2+ 50= -8 ~20x + 50= -8
2@+ 5) =8 2 +5)=-8
2(x-5)=-8 2y =-8
2 34
X = 5 x=17
x=—17
-1T=x=T}
40. [x — 37.50=1.2
Case 1 Case 2
[k — 37.50=1.2 [k —37.50=1.2
—(x—375)=1.2 x—375=1.2
—x+ 37.56=1.2 x = 38.7
—x = —36.3
x = 36.3
36.3 =x = 38.7
41. Case 1 Case 2
3l —7T<x—1 3l — 70< [k — 10
3—x—TN<x-1 Bx—"NN<x-1
3—x+7N<x-1 3x—21<x-—-1
—3x+21<x-—-1 2x < 20
—4x < —22 x <10
x> 5.5
{x05.5 < x < 10}
42. 30 units?
The triangular region has vertices A(0, 10),
B(3, 4), and C(8, 14). The slope of side AB is —2.
The slope of side AC is 0.5, therefore AB is
perpendicular to AC. The length of side AB is
3V/5. The length of side AC is 4\V/5 the area of
the triangle is 0.5(3V5)(4V/5) or 30.
43. 0.10(90) + 0.15(75) + 0.20(76)
+ 0.40(80) + 0.15(x) = 80
0.15x = 12.55
x = 835
44,
[—1, 8] scl:1 by [—1, 8] scl:1
44a. b<0
44b. none
44c. b=0o0rb>14
44d. b =14
44e. 0< b <4
45a. P(x)
400
300 / \
200
100 / \
7 \
o) 900 1000 1100 1200 1300 1400 1500 x

Cha
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45b. The shaded region shows all points (x, y) where

46.

47.

48.

49.

50.

51.

52.

x represents the number of cookies sold and y
represents the possible profit made for a given
week.
The graph of g(x) is the graph of f(x) reflected over
the x-axis and expanded vertically by a factor of 2.

1 1
Y= e - b=—u
x-axis (=b) = —ﬁ
b= L o
. 1
y-axis = ~Cat
b=—"7 yes
Yy =X ((Z) = (b)4
1
a i Do
1
y =X (_Cl) (—b)4
1
a ®i Do
y-axis
v [-5  3]_ _1[-5 3
WIS 284 8
4 -5 X 5
é[ 3 _7] 2B L=
4| _ 13 3
I e )
—-21
-6 4
-3 0
x f) )
-2 11 \[/
-1 8
0 5
1 8
2 11
O X
50t °
451
40 1+
States 35+ °
with 30+
Teen gg:
Courts 51 .0
101
5..
0 -
0 1980 1990 2000 2010
Year
[f e gl(4) = fg(4)
= f(0.5(4) — 1)
= fQ1)
=51)+9
=14
[g°f1(4) = g(f(4)
=854 +9)
= g(29)
= 0.5(29) — 1
=13.5



53. Student A = 15
Student B = %(15) + 15 or 20

Let x = number of years past.
20 —x = 2(15 — x)
20 —x =30 — 2x

x =10
Page 151 Mid-Chapter Quiz
Lx2+y2-9=0 - a?+b2-9=0
x-axis a2+ (-b)2-9=0
a2+b2-9=0 yes
y-axis (—a)?2+b2-9=0
a2+ b2-9=0 yes
y=x B2+ @*-9=0
a2+ b2-9=0 yes
y=—x b2+ (-a)2-9=0
a2+ b2-9=0 yes
x2+y279=0ﬁf(x)=i\/m
f(—2) = +*V=(-202+9 —f@)=—(zV-22+9)
f(—=x) = *V—-x2+9 —fx)==V-x2+9
yes
x-axis, y-axis, y = x, y = —x, origin
2.562+6x—9=y - 50>+ 6a—9="5
x-axis 5a% + 6a — 9 = (—b)
5a2+6a—9=-b no
y-axis 5(—a)2 + 6(—a) —9=1>5
5a2—6a—9=b no
y=x 5(b)2 + 6(b) — 9 = (a)
562+ 6b—9=a no
y=—x 5(—=b)2 + 6(—=b) — 9 = (—a)

562 —-6b—9=—-a no

x4+ 6x—9=y - fx) = 5x% + 6x — 9
f(—x) = 5(—x)2 + 6(—x) — 9

5x% — 6x — 9

—fx) = —(5x2 + 6x — 9)

—f(x) = —5x% — 6x + 9no

none of these

3.x= % - a= %
. 7
x-axis a="p
7
a=—3 no
. 7
y-axis (o) =7
_1
—a=7 no
_ b) = &
y=x ) = (@)
a= % yes
7
y=-x (—=b) = (—a)
a= % yes
7 7
x=7 - flo) =+
7 7
i) = ~f) = (%)
7 7
f(=x) = =1 —flx) = = yes
y =x,y= —Xx, origin

75

4. y=kO+1 - b=0ad+ 1

x-axis (=b) =00+ 1
—b=0ed+1 no
y-axis b=0-a)O+1
b=0Oe0+ 1 vyes

y=x (o) =00B)O+ 1
a=0b0+1 no
y=—x () =000+ 1
—a=0b0+1 no

y=kO+ 1 - flx) = [kO+ 1

f(—=x)=0-x0+1
f(—x) =0+ 1

—fx) = —(xO+ 1)
—f(x) = —xO— 1 no

y-axis

5a.
5b.
5c.

6a.
6b.

translated down 2 units

reflected over the x-axis, translated right 3 units
compressed vertically by a factor of i, translated
up 1 unit

expanded vertically by a factor of 3

expanded horizontally by a factor of 2 and
translated down 1 unit

6c¢. translated left 1 unit and up 4 units
7. y 8. y
/] N
AN A
/1o \[x ~
/ \
/ \ @) X
v \
9. Case 1 Case 2
[Rx — 70< 15 [R2x —70< 15
—-2x—-T) <15 2x —7<15
—2x +7<15 2x < 22
—2x <8 x <11
x> —4
-4 <x<11
10. [x — 640< 3
Case 1 Case 2
[k —640< 3 [k —640< 3
—(x—64)<3 x—64<3
—x+64<3 x < 67
—x < —61
x> 61
61l <x <67
3-4 | Inverse Functions and Relations

Pages 155-156

1.

[

Check for Understanding
Sample answer: First, let y = f(x). Then
interchange x and y. Finally, solve the resulting
equation for y.

. nisodd
. Sample answer: f(x) = x2
. Sample answer: If you draw a horizontal line

through the graph of the function and it intersects
the graph more than once, then the inverse is not
a function.

Chapter 3



5. She is wrong. The inverse is f~1(x) = (x — 3)2 — 2,

which is a function.

O = e+ 1 1)
x f(x) x 1)
-2 3 3 -2
-1 2 -1
0 1 1 0
1 2 2 1
2 3 3 2
f(x) f(x)
—(x)
o X
7. _
fl) =x3 + 1 f 1)
x f(x) X 1)
-2 -7 -7 -2
-1 0 0 -1
0 1 1 0
1 2 2 1
9 9 2
f(x) f f(x
1~(x)
(o) X
4-—"""7"
|
|
\
8. . 9 —1
f) = —(x—3)*+1 )
X f(x) X JRC))
1 -3 -3 1
2 0 0 2
3 1 1 3
4 0 0 4
5 -3 -3 5
f(x)
0
(@)
/ \
f(ix)

Chapter 3
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9. flx)=-3x+2

y=-3x+2
x=—-3y+ 2
x— 2= -3y
1 2
y = 3% + 3
[0 = —5x + = 1) is a function.
10. flx) =

w
|
aﬁx | Qw‘,_. xw‘,_. xw‘,_.

1
or y

<

Il

<.
|

fYx) = 5 f 1) is a function.

11. f) = (x+ 22 +6
y=@x+22+6
x=(+22+6

x—6=(y+ 2>

*Vx—-6=y+2
y=-2xVx—6

fl®) = —2 + Vx — 6; f L(x) is not a function.
12. Reflect the graph of y = x2 over the line y = x.
Then, translate the new graph 1 unit to the left
and up 3 units.

y >

13, f)=3x—5

y:%x—5
1
x=3y =5
1
x+5=73y
y=2x+ 10

f 1) = 2x + 10
[fof 1) = f(2x + 10)
=3Qx+ 10— 5
=x
1o fl@ = £ (3 - 5)
=2(3x—5)+10
=x
Since [fof ) = [f1of]l(x) = x, fand f~ 1 are
inverse functions.
14a. B(r) = 10001 + r)3

B =1000(1 + r)3
B

Toop = (1 +7)°

3 B _

Viooo = 1+7
_ VB
r=-1+ -,



Vg
14b. r=-1+ W
— 14 VU0 ) 0.0323; 3.23%
Pages 156-158 Exercises
151 o) = e + 2 )
x f(x) x 1
—2 4 4 —2
—1 3 3 -1
0 2 2 0
1 3 3 1
2 4 4 2
f(x)
f(x] '(x)
o X
10 fw = e )
x fx) x JEY)
—2 4 4 —2
1 2 2 —1
0 0 0 0
1 2 2 1
2 4 4 2
| Nf(x)
igi‘y f=1(x)
(@) X
R EEEET W
x| f@ x| o
—2 [ 10 ~10 —2
—1 —3 3 —1
0 —2 —2 0
1 —1 —1 1
2 6 6 2
fk) ,H( )
1 F(x)
’+———_-'
|
= O X
4

77

18.

19.

20.

fl) = x° — 10 f~Yx)
x f(x) X f 1)
-2 —42 —42 -2
-1 —-11 —-11 -1
0 -10 -10 0
1 -9 -9 1
2 22 22 2
f(x)
5 f(x)
=11\
A7
~Tq0 O]l [0 [ [x
—16
Y
fx) = [x]
x fx)
-2=x<-1 -2
—-1=x<0 -1
0=sx<1 0
1=x<2 1
2=x<3 2
f~ 1)
X f i)
-2 —2=x<-1
-1 -1=x<0
0 0<x<1
1 l=x<2
2 2=x<3
) 411
T{o X
P-1(X)
j 0N
flx) =3 JEY)
X f(x) X f 1)
-2 3 3 -2
-1 3 3 -1
0 3 3 0
1 3 3 1
2 3 3 2
f(x) o
fix)
o X

-~
t
-
Ty
-+
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2Ly =2 + 20 + 4 1)
x f(x) X fl(x)
3 7 7 3
-2 4 4 -2
-1 3 3 -1
0 4 4 0
1 7 7 1
A(x)) 4
\ |/
f(x)
\. 1(x)
-8 [-4 1O X
22/ = @+ 2%~ 5 @
x f(x) x f i)
—4 -9 -9 —4
-3 —6 —6 -3
-2 -5 -5 -2
-1 —6 —6 -1
0 9 9 0
f(x)
1(x)
V
%)
/
14
20 o) = (x+ 12— 4 £l
X f(x) X f 1)
—4 5 5 —4
-2 -3 -3 -2
-1 —4 —4 -1
0 "3 3 0
2 5 5 2
A | LF0A | AA(X)
\ Il 1
\ [1 170
\ L
L
o
\ /
I~
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24, flx)=x2+4

y=x+4
x=9y2+4
x— 4 =y>2
y=2Vx—4fx)==Vx—4
fix) =x2+ 4 fl) = +Vx— 4
x f(x) x f1x)
-2 8 8 +2
-1 5 5 +1
4 4 0
1 5
8
Xy |4
f(x)
i
-4 0] |4 X
| 4 £ELglr T
4 )
25. flx) =2x+7
y=2x+17
x=2y+7
x—T7=2y
_x—T
Y=
e =55 L. f~1(x) is a function.
26. flx) = —x—2
y=-x—2
x=-y—2
y=-x—2
flx) = —x — 2; f1(x) is a function.
1
27. flx) =7
1
Y= %
_1
Ty
_1
T
[ = %; f~1(x) is a function.
28. f)= -
_ _1
Y=
__1
x= -
1
y2=—7
1
Y=Y
1

i) = =N f~1(x) is not a function.

29. flo) = (x = 3)2 + 7
y=@x-32+7
x=@-32+7

x—7=(y— 372

Nx=T—y-3
N

f 1@ =3 +Vx — 7; f (x) is not a function.



30. fix) =x%2—4x + 3
y=x2—4x+3
x=y2—4y+3

x+1=3y2—4y+4
x+1=(—2)7?2

*Vx+1l=y—2
y=2%xVx+1

f (%) =2 = Vx + 1; f1(x) is not a function.

3. f) = —

Y= x+ 2
!
x_y+2

y+2=%
1
y=%"2
) = % — 2; f~1(%) is not a function.
1
32. f(x) = > — 1)2
1
Y= w2
1
Y=o
1
(y-1D%=+
1
y—1= i\/%
1
y=1=3;

1
fFlry=1= Vil f~1(x) is not a function.

33. fx) = ——2

)y =2 - \‘/%, f~1(x) is not a function.
3
34. 800 = 250
3
Y= @t
3

Ty

y2+2y =
Y2+ 2y + 1=
o+ 1)2=
y+1=

+1

8w |wsy|w

+1

I+
R |w

+
—_

|
i
1+
ﬁj
o

+ |+
—

y =

|

—

I+
) |w

g ) =

79

35. Reflect the part of the graph of x2 that lies in the
first quadrant about y = x. Then, translate 5 units
to the left.

f(x)

36. Reflect the graph of x2 about y = x. Then,
translate 2 units to the right and up 1 unit.

f(x)

37. Reflect the graph of x® about y = x to obtain the
graph of Vx. Reflect the graph of Vx about the
x-axis. Then, translate 3 units to the left and
down 2 units.

f(x)

38. Reflect the graph of x® about y = x. Then,
translate 4 units to the right. Finally, stretch the
translated graph vertically by a factor of 2.

f(ix)
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Since [fof~Y(x) = [f 1o f](x) = x, fand f~! are

inverse functions.

40. fx) =(x—3)3+4
y=(x—3)3+4
x=(@y-33%+4

‘x—4:(y—3)3
Vi—4=y—-3
y:3+V3x—4

Fla)=3+Vx—4
[fof 1) = f3 + Va — 4)
[(B+Vx—4)—3]3+4
x—4+4
=x
[F Lo fl) = f 1k - 3)% + 4]
=3+ Vx-33+4] -4
=3+x—3
=x
Since [fof~Y(x) = [f 1o f](x) = x, fand f~! are

inverse functions.

a. [0y = o — 40 d1(x)
x d(x) x d~1(x)
6 2 2 6
5 1 1 5
4 0 0 4
3 1 1 3
2 2 2 2
a! X)
(0) X
41b. No; the graph of d(x) fails the horizontal line test.

41c. d~1(x) gives the numbers that are 4 units from x
on the number line. There are always two such
numbers, so d~! associates two values with each

x-value. Hence, d~1(x) is not a function.

Chapter 3
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2
42a. v="\V2gh 42b. h =4
v2 = 2gh j = 19"
v2 64
h =g h = 87.89
h = 2(1;)22) Yes. The pump can propel
W2 water to a height of about
h =% 88 ft.
43a. Sample answer: y = —x
43b. The graph of the function must be symmetric

about the line y = x.

43c. Yes, because the line y = x is the axis of
symmetry and the reflection line.
44a.

T & <
0<x=1 $0.10 $0.70 €
1<x=2 $0.20 ggfg o
2<x=3 $0.30 $0.46 ¢
3<x=4 $0.40 $0.30- ¢
t=x=5 | %050 | 90l

(0] ? 34 5678x

44b. positive real numbers; positive multiples of 10
44c.

x C_l(x) 3 0_1(X
$0.10 0<x=1 7 ¢
$0.20 1<x=2 5 &1
$0.30 2<x=3 4 ¢
$0.40 3<x=4 5 iT
$0.50 4<x=5 90 X
oY T20¢ | 40¢ | 60¢ | 80¢

44d. positive multiples of 10; positive real numbers

44e. C~l(x) gives the possible lengths of phone calls
that cost x.

45. It must be translated up 6 units and 5 units to the
left;y = (x — 6)2 — 5,y =6 = Vx + b.

46a. KE = ymv? 46b. v = + [*E
2KE = mv? v = + 21D
2KE _ o ;
m v v~ *5.477; 5.5 m/sec
_ 4 |2KE
V=N
46¢. There are always two velocities.
47a. Yes; if the encoded message is not unique, it may
not be decoded properly.
47b. The inverse of the encoding function must be a
function so that the encoded message may be
decoded.
47c. Cx)=—-2+Vx+3
y=-2+Vx+3
x=—-2+Vy+3
x+2=Vy+3

(x+22=y+3
y=@x+22%-3
Clo=x+22-3



47d. Clx) = (x + 2)2 -3
Cl1)=1+2%2-30r6,F
C~1(2.899) = (2.899 + 2)2 — 3or 21, U
C12.123) = (2.123 + 2)2 — 3or 14, N
C~1(0.449) = (0.449 + 2)2 - 30r 3, C
C~1(2.796) = (2.796 + 2)2 — 30r 20, T
C1(1.464) = (1.464 + 2)2 —30r 9,1
C12.243) = (2.243 + 2)2 — 3 0r 15,0
C12.123) = (2.123 + 2)2 — 3or 14, N
C~12.690) = (2.690 + 2)2 — 30r 19, S
C10)=0+22-30r1,A
C~1(2.583) = (2.583 + 2)2 — 3 or 18, R
C~1(0.828) = (0.828 + 2)2 — 3or 5, E
Cl1)=1+2%2-30r6,F
C~1(2.899) = (2.899 + 2)2 — 3or 21, U
C12.123) = (2.123 + 2)2 — 3or 14, N
FUNCTIONS ARE FUN

48. Case 1 Case 2
@x +40=6 x +40=6
—-2x+4)=6 2x+4=6
—2x—4=6 2x = 2
—2x =10 x=1
x= -5
x0-5=x=1}
49. both
50a. a=0,b=0,4a +b=32,a + 6b =54
50b. by

OoY(0,0) b=0  \@
G(@,b)=a+d
G0,0)=0+00r0
G0,99=0+90r9
G(6,8) =6+ 8or 14
GB,00=8+0o0r8
14 gallons

51. 4x + 2y = 10

y=6—x

4x + 2y = 10
x+y=6

IR
b
30 g
(-1,

1
i 9 —3]_| 2O
52. 2[_6 6]— 2

\k< R\
Il

[ —
|

g

[

10
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53. MY
\
AY
\
\
\
\
A}
O X
54 —9&4;%-4# —1; neither
2-17
55. m =7 y—y, = mx —x)
7%501'—1 y—T7=—-1(x—0)
y=-—x+7

56. b + ¢ =180
If PQ is perpendicular to QR, then mOPQR = 90.
Since the angles of a triangle total 180,
a+d+ 90 = 180.
a+d=90
a+b+c+d=180+ 90 or 270

The correct choice is C.

3-5 | Continuity and End Behavior

Page 165 Check for Understanding
1. Sample answer: The function approaches 1 as x
approaches 2 from the left, but the function
approaches —4 as x approaches 2 from the right.
This means the function fails the second condition
in the continuity test.

2. a n X - p) -
n
positive even e 0
positive even —0o0 00
positive odd 0 o0
positive odd —© —©
a, n X - px) -
negative even 00 —o0
negative even —0o0 —0o0
negative odd 0 —
negative odd — o0

3. Infinite discontinuity; f(x) - ® asx —» —x,
fx) > —wasx - oo,

4. f(x) = x2 is decreasing for x < 0 and increasing for
x>0, g(x) = —x2 is increasing for x < 0 and
decreasing for x < 0. Reflecting a graph switches
the monotonicity. In other words, if f(x) is
increasing, the reflection will be decreasing and
vice versa.

5. No; y is undefined when x = —3.

6. No; f(x) approaches 6 as x approaches —2 from the
left but f(x) approaches —6 as x approaches —2
from the right.

Chapter 3



7. a,: positive, n: odd
Yy > PaASK - O, Y » —PAS K - —X,
8. a,: negative, n: even

Yy > —0aASX - 0,y » —0aASK - —®,

9. f(x)
\
\
\

o T/~

decreasing for x < —3; increasing for x > —3
10. y

decreasing for x < —1 and x > 1; increasing for
—1<x<1

1la. t =4 11b. whent =4 11c. 10 amps

Pages 166-168  Exercises

12. Yes; the function is defined when x = 1; the
function approaches —3 as x approaches 1 from
both sides; and y = —3 when x = 1.

13.
14.

No; the function is undefined when x = 2.

Yes; the function is defined when x = —3; the
function approaches 0 as x approaches —3 from
both sides; and f(—3) = 0.

Yes; the function is defined when x = 3; the
function approaches 1 (in fact is equal to 1) as x
approaches 3 from both sides; and y = 1 when

x = 3.

No; f(x) approaches —7 as x approaches —4 from
the left, but f(x) approaches 6 as x approaches —4
from the right.

15.

16.

17. Yes; the function is defined when x = 1; f(x)
approaches 3 as x approaches 1 from both sides;
and f(1) = 3.

18. jump discontinuity

19. Sample answer: x = 0; g(x) is undefined when
x=0.

a,,: positive, n: odd

Yy - ®aASX - X,y - —XASX - —X,

20.

21. a,: negative, n: even

y > —0aASX - 0,y » —0aASK - —®,
22. a,,: positive, n: even

y > 0aASK » O,y - ©aAS K —» —0,
23. a,,: positive, n: even

y > 0aASK » O,y - ©aAS K —» —0,
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24.

25.

26.

217.

x y

—10,000 1x 1078
—1000 1x 1076
—100 1x 1074

-10 0.01
0 undefined

10 0.01
100 1x 1074
1000 1x 1076
10,000 1x 1078

y»>0asx -2,y 0asx - —»o,

flo) = =5 + 2
x f)
—10,000 2
—1000 2.000000001
—100 2.000001
—10 2.001
0 undefined
10 1.999
100 1.999999
1000 1.999999999
10,000 2

flx) > 2asx - o, f(x) > 2asx - —oo,

iy

[—6, 6] scl:1 by [—30, 30] scl:5
increasing for x < —3 and x > 1; decreasing for

-3<x<1

[—7.6, 7.6] scl:1 by [—5, 5] scl:1
decreasing for all x



28.

J

[—7.6, 7.6] scl:1 by [—8, 2] scl:1
decreasing forx < —1land x > —1

[—25, 25] scl:5 by [—25, 25] scl:5

increasing for x < —1 and x > 5; decreasing for
—-l1<x<2and2<x<5

[—7.6, 7.6] scl:1 by [—1, 9] scl:1
decreasing for x < —2 and 0 < x < 2; increasing
for —2<x<0andx>2

31. W
|

[—7.6, 7.6] scl:1 by [—31, 9] scl:1
decreasing for x < —3 and 0 < x < 3; increasing
for —%<x<0andx>g

32. As the denominator, r, gets larger, the value of
U(r) gets smaller. U(r) approaches 0.

29.

33a. Since fis even, its graph must be symmetric
with respect to the y-axis. Therefore, fis
decreasing for —2 < x < 0 and increasing for
x < —2. f must have a jump discontinuity when

x=—-3and f(x) » —casx - —oo,
f(X)
N 4
\|/
(@) X

83

33b.

34a.
34b.

34c.
35a.

35b.

36a.

36b.
36c¢.

36d.
36e.
37a.

Since fis odd, its graph must be symmetric with
respect to the origin. Therefore, f is increasing
for —2 < x < 0 and decreasing for x < —2. f must

have a jump discontinuity when x = —3 and
flx) > ©wasx - —oo,
fix)
/1Y
/
(@) X
/
polynomial
g

[—5, 80] scl:10 by [—500, 12000] scl:1000

0.6 <t<39.5

0<t<0.5andt > 39.5

1954-1956, 1960-1961, 1962-1963, 1966-1968,
1973-1974, 1975-1976, 1977-1978, 1989-1991,
1995-1997

1956-1960, 1961-1962, 1963-1966, 1968-1973,
1974-1975, 1976-1977, 1978-1989, 1991-1995,
1997-2004

[—1, 8] scl:1 by [—10, 1] scl:1

x <4

Answers will vary.

The slope is positive. In an interval where a
function is increasing, for any two points on the
graph, the x- and y-coordinates of one point will
be greater than that of the other point, ensuring
that the slope of the line through the two points
will be positive.

See graph in 36a. x > 4

The slope is negative; see students’ work.

The function has to be monotonic. If the function
were increasing on one interval and decreasing
on another interval, the function could not pass
the horizontal line test.

Chapter 3



37b. The inverse must be monotonic. If the inverse
were increasing on one interval and decreasing
on another interval, the inverse would fail the
horizontal line test. That would mean the
function fails the vertical line test, which is
impossible.

38a.

40

35
Percent 30

with
Similar 5
Computer15
Usage
10
5 >
0
0246 810121416

38b. 0<x<1,1<x<2,2<x<4,4<x<6,
6<x<8x>8

39. For the function to be continuous at 2, bx + a and
x2 + a must approach the same value as x
approaches 2 from the left and right, respectively.
Plugging in x = 2 to find that common value gives
2b + a = 4 + a. Solving for b gives b = 2. For the
function to be continuous at —2, V—b — x and
bx + a must approach the same value as x
approaches —2 from the left and right,
respectively. Plugging in x = —2 gives V—b + 2
= —2b + a. We already know b = 2, so the

equation becomes 0 = —4 + a. Hence, a = 4.
40. f(x) = (x + 5)2
y=(x+5)?
x = (y + 5)2
=V = y+5
y=—-5H= Vx
flw)= -5+ Vax

41. The graph of g(x) is the graph of f(x) translated

left 2 units and down 4 units.
fle,y)=x+ 2y

f(0,0) =0+ 20)or0

f(4,0) = 4 + 2(0) or 4

f(3,5) =3+ 2(5) or 13

£0, 5) = 0 + 2(5) or 10

42.

13,0
43. ‘g _‘2“ = 5(2) — 8(—4) or 42

44a. ¢ = 47.5h + 35

44b. ¢ = 47.5h + 35
¢= 47.5(2&) + 35
c=$141.875
flx) =242 — 2x + 8
f(—=2) =2(—-2)%2 — 2(—-2) + 8
=8+4+ 8or 20
46. The volume of the cube is x°.
The volume of the other box is
x( — D + 1) = x(@x? — 1) or 2% — .
The difference between the volumes of the two
boxes is x3 — (x3 — x) or x.
The correct choice is A.

45.
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3-5B | Gap Discontinuities

Page 170

1. {all real numbers x[x > 3}

[—10, 10] scl:1 by [—6, 50] scl:10
2. {all real numbers x(0—-2 = x = 4}

"

[—9.4, 9.4] scl:11 by [—6.2, 6.2] scl:1
3. {all real numbers x[Ix < —3 or x = 1}

\

[—18.8, 18.8] scl:1 by [—12.4, 12.4] scl:1
4. {all real numbers x[lx = —3 or x > —2}

[—4.7, 4.7] scl:1 by [—25, 25] scl:10
5. {all real numbers x[lx < —1 or x > 1}

N

[—4.7, 4.7] scl:1 by [—3.1, 3.1] scl:11



6. {all real numbers x[lx < —6 or x > —2}

—
—

[—9.4, 9.4] scl:1 by [—6.2, 6.2] scl:1
7. {all real numbers x[lx < 3 or x = 4}

/

[—9.4, 9.4] scl:1 by [—3, 9.4] scl:1
8. {all real numbers x(lx < —2o0r -1 =x<1
orx = 2}

[—4.7, 4.7] scl:1 by [—2, 8] scl:1
9. {all real numbers x(lx =< lor2 <x < 3or x = 4}

L/

[—3, 6.4] scl:1 by [-2, 8] scl:1
10. {all real numbers x[lx < 1 or x > 2}

/

[—9.4, 9.4] scl:11 by [—6.2, 6.2] scl:1

11. Sample answer: y =
2
(x=2)or (x=5)and (x = 7)) or x = 8))

12. Yes; sample justification: if f(x) is a polynomial

function, then the graph of y = (LR*[DCIJ(J+O-25)

is like the graph of f(x), but with an infinite
number of “interval bites” removed.

13. Yes; sample justification: the equation y =
2a=-2)+Cx— Hx=4)

(G = 2orx=4) is a possible equation for
the function described.
14a.
[—15, 15] scl:2 by [—10, 20] scl:2
14b.

M

[—9.1, 9.1] scl:1 by [—6, 6] scl:1

3-6 | Critical Points and Extrema

Page 176 Check for Understanding

1. Check values of the function at x-values very close

to the critical point. Be sure to check values on
both sides. If the function values change from
increasing to decreasing, the critical point is a
maximum. If the function values change from
decreasing to increasing, the critical point is a
minimum. If the function values continue to

increase or to decrease, the critical point is a point

of inflection.

2. rel. min.;
£(0.99) = —3.9997
f(1)=—-4
f(1.01) = —3.9997
By testing points on either side of the critical
point, it is evident that the graph of the function
is decreasing as x approaches 1 from the left and
increasing as x moves away from 1 to the right.

Therefore, on the interval 0.99 < x < 1.01, (1, 4) is

a relative minimum.
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3. Sample answer: 12c. $58.80 per acre

y 12d. Rain or other bad weather could delay harvest
(4, 6) and/or destroy part of the crop.

—

Pages 177-179 Exercises
13. abs. max.: (—4, 1)

14. abs. max.: (—1, 3); rel. min.: (0.5; 0.5);
rel. max.: (1.5, 2)

/ 15. rel. max.: (=2, 7): abs. min.: (3, —3)

(0, -4 16. rel. max.: (—6, 4), rel. min.: (=2, —3)
N 17. abs. min.: (3, —8); rel. max.: (5, —2);
4, rel. min.: (—3, —2); rel. max.: (1, 6) rel. min.: (8, —5)

5. rel. min.: (—1, —3); rel. max.: (3, 3) 18. no extrema

6. rel. max.: (0, 0); rel. min.: (2, —16) 19. abs. max.: (1.5, —1.75)

N /

[—4, 6] scl:1 by [—20, 20] scl:5 [=5, 5] scl:1 by [—8, 2] scl:1

7. rel. min.: (—2.25, —10.54) 20. rel. max.: (~1.53, 1.13);
rel. min.: (1.563, —13.13)

|t ]
4 R

[~

—
|t

[—6, 4] scl:1 by [—14, 6] scl:2
8. f(—1.1) = 0.907 [=5, 5] scl:1 by [—16, 4] scl:2

-1 =1 21. rel. max.: (—0.59, 0.07), rel. min.: (0.47, —3.51)

f(=0.9) = 0.913 max.
9. f(—2.6) = —12.24

f(—2.5) = —12.25

f(—2.4) = —12.24 min.

10. f(—0.1) = —0.00199 .lll
f0) =0
f(0.1) = 0.00199 pt. of inflection

11. f(—0.1) = —0.97

£0) = —1 [—5, 5] scl:1 by [—5, 5] scl:1
f(0.1) = —0.97 min. 22. abs. min.: (—1.41, —6), (1.41, —6);
12a. P(x) = (120 + 10x)(0.48 — 0.03x) rel. max.: (0, —2)
P(x)
d A A
70
60
Profit 50 [>T 1
(dollars) 40
30 N
20 N\
10 X
0 \
0246 81012141618 [—5, 5] scl:1 by [—8, 2] scl:1

Time (weeks)

12b. 2 weeks
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23. rel. max.: (—1, 1); rel. min.: (0.25, —3.25)

i

[—5, 5] scl:1 by [—5, 5] scl:1
24. no extrema

[—5, 5] scl:1 by [—5, 5] scl:1
25. abs. min.: (—3.18, —15.47); rel. min. (0.34, —0.80);
rel. max.: (—0.91, 3.04)

|~

[—5, 5] scl:1 by [—16, 5] scl:2
26. f(—0.1) = —0.001

f0) =0

£(0.1) = 0.001 pt of inflection
27. £(3.9) = 5.99

f4) =6

f(4.1) = 5.99 max.

28. f(—2.6) = —19.48
f(—2.5) = —19.5

f(—2.4) = —19.48  min.
29. f(—0.1) ~ 6.98
f0) =1
f(0.1) = 6.98 max.
30. f(1.9) ~ —3.96
f(2) = —4.82
f(2.1) = —3.96 min.
31. f(2.9) = —0.001
f3) =0
f(3.1) = 0.001 pt. of inflection
32. f(—2.1) = 4.32
A(—2) ~ 4.53
f(—1.9) = 4.32 max.
33. £(0.57) ~ 2.86
A2) =285
£0.77) ~ 2.86  min.
34. The point of inflection is now at x = —6 and there
is now a minimum at x = —3.

35a. V(x) = 2x(12.5 — 2x)(17 — 2x)

87

35b.

e

[—1, 12] scl:1 by [—200, 500] scl:100
2.37 cm by 2.37 cm

35c. See students’ work.
36a. P = sd — 25d
= s(—200s + 15,000) — 25(—200s + 15,000)
= —200s2 + 20,000s — 375,000
[0, 100] scl:10 by [0, 130,000] scl:10,000
abs. max.: (50, 125,000)
$50
36b. Sample answer: The company’s competition
might offer a similar product at a lower cost.
37a. AM?2 = MB? + AB?
AM? = x2 + 22
AM=Vx2+ 4
f(x) = 5000(VxZ + 4) + 3500(10 — x)
37hb.

Yo

[—10, 20] scl:2 by [0, 60,000] scl:10,000
abs. min.: (1.96, 42,141.4)
1.96 km from point B
38. equations of the form y = x® or y = Vx, where n is
odd

39. II

[—3, 7] scl:1 by [—50, 10] scl:10

The particle is at rest when ¢ = 0.14 and when
t = 3.52. Its positions at these times are
$(0.14) = —8.79 and s(3.52) =~ —47.51.

Chapter 3



40.

41.
42.

43.

44.

45.

46.

If a cubicle has one critical point, then it must be
a point of inflection. If it were a relative maximum
or minimum, then the end behavior for a cubic
would not be satisfied. If a cubic has three critical
points, then one must be a maximum, another a
minimum, and the third a point of inflection.

No; the function is undefined when x = 5.

y l

/

/

ol/ X

/

Y

Let x = units of notebook paper.
Let y = units of newsprint.

x +y =200 y
=10 20‘} (10, 190)
X+ y=200

y =80
(120, 80)
y=280

N\

200

1004
1[(10, 80)
Hx=10

o) 100
P(x, y) = 400x + 350y
P(10, 80) = 400(10) + 350(80) or 32,000
P(10, 190) = 400(10) + 350(190) or 70,500
P(120, 80) = 400(120) + 350(80) or 76,000
120 units of notebook and 80 units of newsprint

y..
A-3,4) T B(24)

D(-3, —1)

(0) X
1 €@2,-1)

—3=x=2,-1=y=4
‘1 3

9 5‘ =1(5) — 2(3) or —1; yes

_ 4 -2
3A—3[ : 7]
[ 3@ 3(-2
[ 3(5) 3(7)] OT[
23:2[:3 5]

4 3
_12(=3) 2(5)
[ 2(3)]“[
12 —6 —6 10
15 21]+[ -8 6}

2(—4)
34 + 2B = {
124 (-6)  —6+ 10
15+(-8) 21+ 6

12

-6
15 21

—6

10
-8 6

|

-3
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47.

48.

49.

50.

51.

Let x = number of 1-point free throws.
Let y = number of 2-point field goals.
Let z = number of 3-point field goals.
1x + 2y + 3z = 32

x+y+z=17

y = 0.50(18)

lx + 2y + 32 = 32 > 1lx+2y+3z= 32
—lx+y+z=17 —x— y— z=-—17
y+2z= 15
y = 0.50(18) y+2z=15
y=9 9+ 2z=15
z=3
x+y+z=17
x+9+3=17
x=5 5 free throws, 9 2-point field
goals, 3 3-point field goals
y+6=4 y
y=-2
(@) ) ¢
2
20 +3y=156 - y=—3x+5

6x:4y+16—>y:%x—4

—% . g = —1; perpendicular

A relation relates members of a set called the
domain to members of a set called the range. In a
function, the relation must be such that each
member of the domain is related to one and only
one member of the range. You can use the vertical
line test to determine whether a graph is the

graph of a function.

The area of APTX is equal to the area of ARTY.
The area of ASTR is 25% of the area of rectangle
PQRS. The correct choice is D.

P X Q




3-7

Graphs of Rational Functions

Pages 185-186

L. fx)4 | 4
o X
\
>
\
|
L
la. x=2,y=—6
1b. y=7--5,-6
2. Sample graphs:
Vertical Asymptote Horizontal Asymptote
y r4 y
1
1
1
i /\
oy .
i X o
i
1
1
\
Slant Asymptote
y 4

Check for Understanding

3. Sample answer: f(x) = %

4. False; sample explanation: if that x-value also
causes the numerator to be 0, there could be a
hole instead of a vertical asymptote.

5. x=

flo) = x—5
y= x—5
y(x —5)=
xy —by=x
xy —x = by
x(y — 1) = by
5y
X=7"330 = 1

89

1

7. f0) =172

8. The parent graph is translated 4 units right. The
vertical asymptote is now at x = 4. The horizontal
asymptote, y = 0, is unchanged.

¥

O

A
4

>

Y S | S A

T O

B
Y= ==+

no horizontal
asymptotes

. The parent graph is translated 2 units left and

down 1 unit. The vertical asymptote is now at x =
—2 and the horizontal asymptote is now y = —1.

y

10. 3x+ 5 2
x—3V3xZ—4x+ 5 3x+5+ 3
3x2 — 9x
S5x+ 5
5x — 15
20
y=3x+5
11. Vi M 12. y
\
\
N
-
O X (@) X
[
R I
13a. P

Chapter 3



13b. P=0,V=0

13c. The pressure approaches 0.

Pages 186-188
14. x = —4
15. x = —6
16. x = —é, x =

17. x=—-1,x= —3

18. no vertical asymptote,

Chapter 3

Exercises

2x
fo) =773
2
T x+4
y(x + 4) = 2x
xy + 4y = 2x
xy — 2x = —4y
x(y — 2) = —4y
Y
x—yfz,y—Z
xZ
y:x+6
a2
xZ
y = 2 6
2T e
1
y=1_,56
x+x2
no horizontal
asymptote
_L
Y= @x+ D - 5)
_ x—1
Y= o2 —o9x—5
x 1
x2 x2
Yy = 22 9x 5
a2 T 2T a2
1_ 1
X xZ
y= 9 5;y=0
2—-— " 2
X X
_ x—2
y_x2—4x+3
x 2
ER
y = x2 4x 3
2tets
1 2
x+x2
= 4 3;y=0
Y 1+ -+ 3 Y
X X
p— xZ
Y= e
a2
xZ
Yy = 2 1
2T
1
= 1;y=1
Yy 1+ Y
X

920

19.x=1

_ G+ 1)2

20. x = 2

x2-1
242+ 1
x2 -1
2
y= 22 _ 1
.'X,'Z xz
1+2+%
X X
y= 1 3y =1
2
3
y_(x,2)4
x
Yy = x*—8x3+ 24x% — 32x + 16
e
o
Y= 80 242 o 16
x7x4+x47x4 xt
1
x
y= 8 24 32 16;y=0
1=yt e~ sta

1

21 flx) = 15 + 1

1

22, flx) = ;=5 — 3
23. fx) = —+ + 1
24. The parent graph is translated 3 units up. The

vertical asymptote, x = 0, is unchanged. The
horizontal asymptote is now y = 3.

14!\
\

25. The parent graph is translated 4 units right and

expanded vertically by a factor of 2. The vertical
asymptote is now x = 4. The horizontal asymptote,
y = 0, is unchanged.

oAV |

A
=




26. The parent graph is translated 3 units left. The

27.

28.

29.

translated graph is then expanded vertically by a
factor of 2 and translated 1 unit down. The

vertical asymptote is now x = —3 and the
horizontal asymptote is now y = —1.
y
1
{4
-4
A\ [O
<=z —n--F7
A 114
! =
|

The parent graph is expanded vertically by a
factor of 3, reflected about the x-axis, and
translated 2 units up. The vertical asymptote,

x = 0, is unchanged. The horizontal asymptote is
now y = 2.

17

Qe

|

/14

vy =

A\

\i

-4 [—4 O]/ X
4

-8

The parent graph is translated 3 units right. The
translated graph is expanded vertically by a factor
of 10 and then translated 3 units up. The vertical
asymptote is x = 3 and the horizontal asymptote
isy = 3.

{5 yf
ol [\
U I \
A ! [
<Pttt 1=
~ 1
—4 |ON [ 14 19 [ x
A\
“ T
ol T
v 1
T
—12 1

The parent graph is translated 5 units left. The
translated graph is expanded vertically by a factor
of 22 and then translated 4 units down. The

vertical asymptote is x = —5 and the horizontal
asymptote isy = —4.
Al AY
]
P8
1
]
P\
1
' INo X
—16 12 -8 |4
- Y}
=T =
— 1
Y
\l
=12
16

91

30. x—1 .
x+4VaZ+3x -3 - x—1+ 3
x2 + 4x
—-x—3
—x—4
1 y=x—1
31. x+ 3 .
xVax2+ 3x—4 > x+3-7
&
3x — 4
3x
—4 y=x+3
32. x— 2 5
2Z+1Vad-2x2+x—-4 o X—2—- 3,7
x> + x
— 2x2 —4
— 2x? — 2
-2 y=x—2
33. éx—% X _141
2% — 3Va2 —4x + 1 - 5x7372x73
2 _ 3
x° = ox
—gx-i-l
11 _1 5
T4 Y =¥ T
34. No; the degree of the numerator is 2 more than
that of the denominator.
35. y; 36. VA | |
| 7 (2.4)
| d
/ 4
4
oL’ X (6] X
,/
/
pé [
73 14
317. V| A 38. A YMA 4
| \ |
\ \ II
(0] ~ \|/ (2,0)
| 1) ] X (@] X
749 T4l
\ |
| |
W vy
39. 40.
44 LY Vi AN
/ B .
7 <=7
A 0] X
> \
T (B 0 X |
// Ay 7 *‘y
/
[
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480 + 3t

41a. C(t) = —45 4,
480 + 3t
41b. CO="w0+:
480 + 3t
10 ="4+
400 + 10t = 480 + 3t
7t = 80
t=11.43 L

42, Sample answer: The circuit melts or one of the
components burns up.

43. To get the proper x-intercepts, x — 2 and x + 3
should be factors of the numerator. The vertical
asymptote indicates that x — 4 should be a factor
of the denominator. To get point discontinuity

at (=5, 0), make x + 5 a factor of both the
numerator and denominator with a bigger

exponent in the numerator. Thus, a sample
(x — 2)(x + 3)(x + 5)?
(x — 4)(x + 5)

A(x) = 4x - h + 242
Ax) = 4x< ) + 2x2%
AQ) = 480

answer is f(x) =
44a. V=x%-h

120 =x2-h

120
= =h

X
44b. A(x) 4
320
306 /

+ 242

N

Oy 2 46 81012141618 x

44c. The surface area approaches infinity.

45. If the degree of the denominator is larger than
that of the numerator, then y = 0 will be a
horizontal asymptote. To make the graph intersect
the x-axis, the simplest numerator to use is x.

. X
Thus, a sample answer is f(x) = 5.
46a. A vertical asymptote at r = 0 and a horizontal
asymptote at F' = 0.

46b. The force of repulsion increases without bound
as the charges are moved closer and closer
together. The force of repulsion approaches 0 as
the charges are moved farther and farther apart.
a?-9

a—3

47a.
47b.

X 2.9
m 5.9

2.99 3
5.99

3.01
6.01

3.1
6.1

The slope approaches 6.

Chapter 3
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48. abs. max.: (2, 1)

f

[—1, 6] scl:1 by [—5, 2] scl:1
49. x2 -9 =y
y2—-9=x
y2=x+9
y=*Vx+9
50. f(x, y) =

f(0,0)=0—-0o0r0
f(4,0) =0 —4o0r —4
f(38,5) =5 — 3or2
f(0,5)=5—-0o0r5
5; —4

-6 5]_[-4(-6) —4(5)
oL 4[ 8 —4] B [ —4(8) —4(—4)]
_ [ 24 —20}
—-32 16
52. Let x = price of film and y = price of sunscreen.

8x + 2y = 35.10

3x +y=14.30 8x + 2y = 35.10
y=14.30 — 3x  8x + 2(14.30 — 3x) = 35.10
2x + 28.60 = 35.10
x = 3.25
y = 14.30 — 3x
y = 14.30 — 3(3.25)
y = 4.55
$3.25; $4.55
53.x+y273 x+y293
0+0=3 3+2=3
0*3 no 5=3 yes
x+y§3 x+y§3
—-4+2=3 —-2+4=3
—2%*3 no 2%3 no
3,2
54. 15y —x=1 -y = Ax-i-A
55. [f° gl(x) = f(g(x))
=f(2 — x?)
8(2 — x2)
=16 — 8x2
lg° f1) = ()
= 8(8%)
=2 — (8x)2
=2 — 64x?



56. Let x = the width of each card and y = the height
of each card. The rectangle has a base of 4x or 5y.
The rectangle has a height of x + y.

A = bh
180 = 4x(x + y)

180 = dx(x + %)

3642

180 = =5~
25 = x2
5=x

4x = by
4x
Y=5

4(5)

= 5
y=4

Perimeter = 2(4x) + 2(x + y)
P=24-5)+ 205 + 4)

P = 581n.

The correct choice is B.

3-8

Pages 193-194
la. inverse
1b. neither
1c. direct
2. Sample answer:

Direct, Inverse, and Joint Variation

Check for Understanding

Suppose y varies directly as x".
Then y, = kx;" and y, = kx,"

Y1 = kg

N _ ke

Yo kxy

Nn_n . .
v = x Simplify.

Division property of equality.

3. The line does not go through the origin, therefore
its equation is not of the form y = kx™.

4a.

Sample answer: The amount of money earned

varies directly with the number of hours worked.

4b.

Sample answer: The distance traveled by a car

varies inversely as the amount of gas in the car.

4c.

Sample answer: The volume of a cylinder varies

jointly as its height and the radius of its base.

5. xy==Fk
43) =k

12="F
6. y=kx?
—54 = k(9)?
_% =k

7. y=kxz’
16 = k(4)(2)3
05="F

kxz

8. y="p
k(3)(10
3 — M

04="~F

. . 1
9. y varies directly as x*

10.

11. y varies inversely as x; —3.

xy = 12
15y = 12
4
Y=5%
y =5
— 22
Yy = 73(6)
y=—-24
y = 0.5x23
y = (0.5)(—8)(-3)?
y = 108
0.4xz
Y =02
_0.4(4)(20)
=g
y=2

A varies jointly as € and w; 1

93

12a. V= khg?

288 = k(40)(1.5)2

3.2=F
V = 3.2hg?

12b. V = 3.2hg?

V = 3.2(75)(2)?

V=960

50 - 960 = 48,000 m3

Pages 194-196
13. y=Fkx
0.3 = k(1.5)
02==F
xy=F
25(=2) =k
-50=F
y = kxz
36 = k(1.2)(2)
15="F
x2y =k
(2)%9) = k
36 ="F
r = kt?

e

16="F
Vaxy=Fk
V1.21(0.44) = k

0.484 = k

14.

15.

16.

17.

18.

Vxy = 0.484 or y = 0.484 -

Exercises

y=0.2x
y = 0.2(6)
y=12
xy = —50
x(—40) = =50
x = 1.25
y = 1bxz
y = 15(0.4)(3)
y =18
2y =
x“y = 36
32y = 36
y=4
r = 16t2
r=16(1)?
r=1

y =0.484 - o15
y =121
19. y = kx322
-9 = k(-3
1
2=k
k.
20. y=2
1 k20)
6 62
0.3=%F
21, y="=
k(2)(=3)
_3 e 4
9 =
2
22, y="%
_ k(9?
—6 =g
-2=k
2
23. o=
2
15=F
24. x2y =k
(4)%2) =k
32=F

Vi
1
0.16
y = %xszz
1
= 5~ 9?
y = —48
0.3x
Y= 2
0.3(14)
Y= T2
y = 0.168
2xz
Y=
_ 2B
Y=
y=14
,222
Yy ="
_ =2(=4)?
=—g
_ 4
Y= Tar
_ 15p%
a=
1562
96 =
+8 =
yx2 = 32
8x2 = 32
x=*2

Chapter 3



25.
26.
217.
28.

29.

30.
31.
32.

C varies directly as d; w.

. . 1
y varies directly as x; .

L 4
y varies jointly as x and the square of z; 5.

V varies directly as the cube of r; %’W.

. 5
y varies inversely as the square of x; 7.

y varies inversely as the square root of x; 2.

A varies jointly as i and the quantity b, + by; 0.5.
y varies directly as x and inversely as the square
of z; 5.

y varies directly as x% and inversely as the cube of
z; 7.

y varies jointly as the product of the cube of x and
z and inversely as the square of w.

33.
34.

35a. Joint variation; to reduce torque one must either
reduce the distance or reduce the mass on the
end of the fulerum. Thus, torque varies directly
as the mass and the distance from the fulcrum.
Since there is more than one quantity in direct
variation with the torque on the seesaw, the
variation is joint.

35b. T, = km,d; and Ty = kmyd,
T, =T,
kmd; = kmyd, Substitution property
myd; = myd, of equality
35c. myd; = myd,
75(3.3) = (125)d,
1.98 = d,; 1.98 meters
36a. tr=~F
36b. tr==~F tr = 36,000
45(800) = k t(1000) = 36,000
36,000 = k t = 36 minutes

37. If y varies directly as x then there is a nonzero
cons‘%ant k such that y = kx. Solving for x, we find
x = 3,y * 3, 1s a nonzero constant, so x varies
directly as y.

38a. =15
38b. =1 24 b2 =2 -
_ k(8% + (252 = 576
16 =% 6.5=rc 1= 52
576 =k I=13.6lux
39. a is doubled
kb2
a="3

3)
= (k)

1

=152

4kb
a = 1

8¢

kb?
a=2 3

my - my
40a. F: G &2

Chapter 3
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m,-m
F=aG 1d2 2
(5.98 X 1024)(7.36 X 1022)
(3.84 X 108)2
N - m?
kg?

40b.

1.99 x 1020 = G

6.67x 10711 = G;6.67x 10711

my - my
40c. F=G—z
= (6.67 x 10711

~ 3.53 X 1022 N

40d. 3.53 X 1022 = (1.99 X 10%)x
178 = x; about 178 times greater

(5.98 X 1024)(1.99 X 1030
(1.50 X 10112

kL 168 x1078(3)
41. R= 2 R= 7(0.003)2
_ k-2 _
1.07X102:W R=178X10"3Q
1.68 X107 8=F
42. y
Ha
I4 1
In 1
ol
—g—6112 | A\14 X
Jal
[N 1
LimE%J T
|__3 1
¥
43. fx)=(x—33+6
y=(x—33+6
x=(@y—-3>3+6
‘x—6:(y—3)3
\/dx—6=y—3
y=Vx—6+3

fl(x) = Vx — 6 + 3; f 1(x) is a function.

4 [-1 0.1 3 -1 -3]_[-1 -3 13
0o 1] |2 -2 -4 0 2 -2 -4 0
A'(—-1,2),B'(-
_2)7 C,(la _4)’ D,(gv 0)
45. 4x — 2y =17 . y=2-—3
12+ 6y=-21 - y=2x-+
¢ nciqt}g ntjand dependent
46.
X
@)
AT, m = goro 2 y — 18.6 = —0.92(x — 2000)
- = —0.92x + 1858.60
=28 or —0.92 Y ’

48. 144 = 42-9o0r122-1
12 is divisible by 3, 4, 6, and 12.



The correct choice is D.

Chapter 3 Study Guide and Assessment

Page 197 Understanding and Using the

Vocabulary
1. even 2. continuous 3. point
4. decreasing 5. maximum 6. rational
7. inverse 8. monotonic 9. slant

10. Joint

Pages 198-200 Skills and Concepts

11. f(—x) = —2(—x) —flx) = —(—2x)
f(—=x) = 2x —flx) = 2x yes

12. f(—x) = (—x)2 + 2 —fx) = —(x2 + 2)
f(—x) =x>+2 —fix) = —x>—2 no

13. f(—x) = (—x)2 — (—x) + 3
f(-x)=x2+x+3
~f@) =~ —x+9)
—fx)=—-x>+x—-3 no

14. f(—x) = (—x)3 — 6(—x) + 1
f(=x) = —x3 + 6x + 1
—fla) = —(x3 — 6x + 1)
—fx) = —x3+6x—1 no

15. xy =4 - ab =4
x-axis a(=b) =4
—ab =4 no
y-axis (—a)b=4
—ab=4 no
y=x )a) = 4
ab =4 yes
y=—x (=0)(—a) = 4
ab=4 yes
y=xandy= —x
16. x + y2 = - a+b2=4
x-axis a+ (—b?2=4
a+b2=4 yes
y-axis (—a) + b2 =4
—a+b%2=4 no
y=x ®) + (@?2=4
a2+b=4 no
y=—x (=b) + (—a)2 =4

95

18.

19.

20.

21.

22,

23.

25.

27.

a2—-b=4 no

x-axis
x = —2y - a=—2b
x-axis a= —2(—b)
a=2b no
y-axis (—a) = —2b
a=2b no
y=x (b) = —2(a)
b=—-2a no
y=-—x (=b) = —2(-0q)
b = —2a no; none
2 _ 1 2_1
xX° = y — a” = b
; I
x-axis a* ="y
a= —% no
y-axis (—a)? = %
a= % yes
1
y=x 02 =
21
b=~ mno
1
y=-x (_b)2 = o
1 .
b2 = —>  no;y-axis
vi | Ty
Rhe graph of|g(x) is|# translation| of t!{e graph lof
foMupl5 units i
N 7
The grapitof gfk) isra translation|of the@yaph of
f(x) lef pAts
TPpgv'a h Fo )iqfl\egraph f(x axpa dedl
vertie IL v-afactor of 6. O X
The [griaph of|gf) is|the graph of f(x) expanted
horiggntallypya factor of % and tyanslated down
4 unit!
\ I
3 1 24, g
\ ] 6] X
Nz /
4
[0)
26.
Case 1 Case 2
4x + 50> 17 4x + 60> 7
—(4x+5)>17 4x+5>17
—4x—5>17 x> 2
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28.

29.

30.

31.

Chapter 3

[ 28514 fi> 05
X f) 35 X )
.LI_LX;Z 3] Ul_.k7 _7 _2
dbEll _4 \__/ SCE _1
Fr—8F2—="11 Fr—3F+2=1%
el oty mENG P

Lyl 5217 2 =1

()55 6
x )
=6 =k Ao X
L~
L/
—T 1O X
/
1 _
fl)=—3x+5 f )

x f(x) x £~ 1)

—92 55 5.5 -2

-1 595 5.25 -1

5 5 0

1 4.75 4.75 1

4.5 4.5 2
fx) 4
R P \
=\ _f(x)
T
‘ \
0] 4 X
M Fr)
\

fl) =% +3 )

x f(x) x fl)
-3 2.3 2.3 -3
-9 9 2 -2
-1 1 1 -1

T

—= | -1 -1 5

1

(1) - 3

0 7 5 1

1 5 4 2

9 4 3.7 3

3 3.7

VARL A
A

flx) I e

<77 \
N\ O No
Y X
f(x)
|
Y

96

32 [f =+ D2 — 4 /@)
x f(x) x f 1)
-3 0 0 -3
-2 -3 -3 -2
-1 —4 —4 -1
0 -3 -3 0
1 0 0 1
AL 004 | 4
T\ /
VLT
O X
N1/
S/

33. fx)=(x—2)3-8
y=(x—2)3-8
x=(@y—-23%-8

x+8=(—2)3

Vi+8=y—2
y=Vx+8+2

Fl(x) = Vx + 8 + 2; yes
34. f(x) =3x+ 7)*

y =3+ 7
x=3@y + 7
S=0+ D
ig:y+7
y=-T7= “‘%
1) = =7 + % no
f V3

35. Yes; the function is defined when x = 2; the
function approaches 6 as x approaches 2 from both
sides; and y = 6 when x = 2.

36. No; the function is undefined when x = —1.

37. Yes; the function is defined when x = 1; the
function approaches 2 as x approaches 1 from both
sides; and y = 2 when x = 1.

38. a,: negative, n: odd
Yy - —®asX - X, Yy > X®aASX - —*X,

39. a,: positive, n: odd
Yy - ®aASX - X, Y 5 —®aASX - —X,

40. y =i2+ 1
x y
—1000 1.000001
—100 1.0001
—-10 1.01
1 2
10 1.01
100 1.0001
1000 1.000001

y->lasx - oy > lasx - —o.
41. a,,: positive, n: odd
Yy > 0aSK » O,y - —0aAS X - —0,



43.

44.

45
46

47

48

49
50

~

[=5, 5] scl:1 by [—20, 10] scl:5
decreasing for x < —2 and x > 1;
increasing for -2 <x <1

[—6, 6] scl:1 by [—5, 20] scl:5
decreasing for x < —3 and 0 < x < 3;
increasing for —3 <x < 0and x> 3

abs. max.: (=2, 1)
. rel. max.: (0, 4), rel. min.: (2, 0)
. f(2.9) = 0.029

f(3)=0

f(3.1) = 0.031 min.
. (—0.1) = 6.996

f0) =1

f(0.1) = 7.004 pt of inflection
@) =1+ 1
f) = 2
. The parent graph is translated 2 units left and

expanded vertically by a factor of 3. The vertical
asymptote is now x = —3. The horizontal
asymptote, f(x) = 0, is unchanged.

A

A

(x)

>

\l

51. The parent graph is translated 3 units right and
then translated 2 units up. The vertical asymptote
is now x = 3 and the horizontal asymptote is

flx) = 2.
f(x) b
\
@) \ X
\]

97

52. x =1

53.x=—-2
54. x = —3,
55. x+ 2
2VaZ+ 2x + 1
x2
2x
2x
1
56. y = kxz
5=k(-4(-2)
0.625 =k
k
57. y= Ve
_k_
20 = Vis
140 =k
2
58. y="%
k(0.3
7.2 =750
320 =k
Page 201

59. [k — 6.50=0.2;
Case 1
(lx — 6.50=10.2

—(x—6.5)=0.2

—x+ 6.5=0.2
—-x = —6.3

x = 6.3

—

y:x—l
x
x
YT e 1
x X
1
y= 1 y=1
1=
2?41
Y =52
21
x2+x2
YT e
2t
1
1+x2
YT 1 2

no horizontal asymptotes

_(x—?))2
)
2—6x+9
Y 22 -9
X2 6x 9
2 2t
YT T2 e
22 T x2
6 9
B 1*x+x2. L
Yy = i Yy =
lfxg
1
x+2+;
yes;y =x + 2
y = 0.625xz
y = 0.625(—6)(—3)
y=11.25
_ 140
YT Va
140
10 = Vx
Vx =14
x = 196
_ 320x2
-z
_320(1)%
- 40
y=38

Applications and Problem Solving

Case 2

[k — 6.50=0.2
x—6.5=0.2
x=6.7

6.3=x=6.7

Chapter 3



60a. N @)

O0<x=1 0.40
1<x=2 0.80
2<x=3 1.20
I<x=4 1.60
4<x=5H 2.00
Hb<x=6 2.40

3.60 <

3.20 <

2.80 <

2.40 <

Cost  2.00 <
(dollars) 1.60 ¢

1.20 [+

0.80

0.4094

00123456789

Time (min)

60b. positive real numbers;
positive multiples of $0.40

60c.

x C (%)
0.40 0<x=1
0.80 1<x=2
1.20 2<x=3
1.60 3<x=4
2.00 4<x=5H
2.40 5<x=6

9

8 v

7 A4

6 A
Time 5 ©
(min) 4 ©

3 ©

2 A4

1 ©

0

00.40 1.20 2.00 2.80 3.60

Cost (dollars)

60d. positive multiples of $0.40;
positive real numbers

60e. C~1(x) gives the possible number of minutes
spent using the scanner that cost x dollars.

6la. | h(h

4 /7

i 4

3
™~

61b. 1.08 m

Chapter 3
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Page 201 Open-Ended Assessment

la. Sample answer: x = y2

y

1b. Sample answer:

|
=<
T—
™ <

lc. Sample answer: —xy = 1

W
|
/
-—= X
ol /=~
[
]
y

1d. Sample answer: xy = 1

t

\

=10

le. Sample answer: y = x°

29

2. Sample answer: —2(x — 4)% + 1



Page 203

1. Always factor or simplify algebraic expressions

3a. Sample answer:

A y 4
\
\ /
(0,0)
N0 /1 [x
(2, 11)
2, ‘W

3b. abs. min.: (2, —3); rel. max.: (0, 0); rel. min.:

(=2, -1

Chapter 3 SAT & ACT Preparation

SAT & ACT Practice

when possible. Notice that the numerator in the
problem is the difference of two squares, a? — b2.
Factor it.
P-9 _ (+30-3)
3y—9 3y—9
Factor the denominator. Both the numerator and
denominator contain the factor (y — 3). Simplify
the fraction.
G+ -3 G+ -3  y+3

3y—9 - 3(»y-3 3
The correct answer is E.

. You need to find the statement that is not true.
Compare the given information with each answer
choice. Choice A looks like x + y = z, except for
the numbers. Multiply both sides of the equation
x+y=zby?2.
2(x +y) = 2zor 2x + 2y = 2z
So choice A is true. For choice B, start with x = y
and subtract y from each side.
x—y=y—y=0
So choice B is true. For choice C, start with x = y
and subtract z from each side.
xX—z=y—2z
So choice C is true. For choice D, substitute y for x
and x + y for z.

4

926 +y 2y
Y= =5y
So choice D is also true. For choice E, write each
side of the equation in terms of y.
z-—y=@x+ty -—x=y
2x = 2y
y# 2y
So choice E is not true. The correct choice is E.

929

Kooy

3. Notice that 450 miles is the distance to

Grandmother’s house, not the round trip. This is a
multiple-step problem. First calculate the number
of gallons of gasoline used in each direction of the
trip.

miles

miles per gallon

% = 18 gallons

= gallons

On the trip to Grandmother’s, the cost of gasoline
is 18 gallons X $1.25 per gallon or $22.50.

On the trip back, the gasoline cost is 18 gallons X
$1.50 per gallon or $27.00. The difference between
the costs 1s $4.50.

A faster way to find the cost difference is to reason
that each gallon cost $0.25 more on the trip back.
So the total amount more that was paid was

18 gallons X $0.25 or $4.50. The correct choice is B.

\ \

The portion of the graph of f(x) which is shown
crosses the x-axis 3 times.
The correct choice is D.

. Notice that the denominators are all powers of

ten. Carefully convert each fraction to a decimal.

Then add the three decimals.

900 90 9
20+ 300+ o050 = 90 + 0.9 + 0.009 = 90.909

The correct choice is C. You could also use your
calculator on this problem.

. Combine like terms.

(10x* — 22+ 2x— 8) — (3x* + 3x> + 2x + 9)

= (10x% — 3x%) + (—3x3) + (—a2) + (2x — 2x) +
(=8-19

=Tx*—3x3 —x2+0— 17

The correct choice is A.

. One method of solving this problem is to “plug in”

a number in place of n. Choose a number that
when divided by 8, has a remainder of 5. For
example, choose 21.

21 =2(8) + 5

Then use this value for n in the answer choices.

Find the expression that has a remainder of 7.
n+1  21+1 22

Choice A: —g—=—"g =73 = 2R6
The remainder is 6.
Choice B: "2 = 222 = 28 _ 9p7

You could also reason that since n divided by 8 has
a remainder of 5, then (n + 2) divided by 8 will
have a remainder of (5 + 2) or 7. The correct
choice is B.

Chapter 3



8.Simplify the expression inside the square root 10. There are two equations and two variables, so this

symbol. Factor 100 from each term. Then factor is a system of equations. First simplify the
the trinomial. equations. Start with the first equation. Divide
V100+% + 600x + 900  VI100GZ + 6x + 9) both sides by 2.
x+3 - x+3 4x + 2y = 24
10Va® +6x+9 2 +y =12
= x+3 Now simplify the second equation. Multiply both
10V (x + 3)(x + 3) sides by 2x.
= x+3 Ty
10V (x + 3)2 20 !
= Ty = 7(2%)
10(x + 3) Ty = 1ldx
= "x+3 Divide both sides by 7.
=10 y=2x
The correct choice is B. You need to find the value of x. Substitute 2x for y
9. Since a + b = ¢, substitute a + b for ¢ in in the first equation.
a—c¢=5.5,a— (a+ b) =5 Then —b =5o0r 22 +y =12
b = —5. Substitute =5 for bin b — ¢ = 3. So, 2x + (2x) = 12
-5 —¢=3.Then —¢=8orc= —8. 4x =12

x=3
The answer is 3.

The correct choice is B.

Chapter 3 100



Chapter 4 Polynomial and Rational Functions

4-1

Polynomial Functions

Pages 209-210 Check for Understanding

1. A zero is the value of the variable for which a
polynomial function in one variable equals zero. A
root is a solution of a polynomial equation in one
variable. When a polynomial function is the
related function to the polynomial equation, the
zeros of the function are the same as the roots of
the equation.

2. The ordered pair (x, 0) represents the points on
the x-axis. Therefore, the x-intercept of a graph of
a function represents the point where f(x) = 0.

3. A complex number is any number in the form
a + bi, where a and b are real numbers and i is
the imaginary unit. In a pure imaginary number,
a = 0and b # 0. Examples: —2i, 3i;
Nonexamples: 5,1 + i

4. y

Aln
Ve dVE

5.3;1 6. 5;8
7. no; fx) = x3 — 5x® — 3x — 18
f(5) = (5)3 — 5(5)* — 3(5) — 18
f(5) = 125 — 125 — 15 — 18
f(5) = —33
8. yes; f(x) = x3 — 5x%2 — 3x — 18
f(6) = (6) — 5(6)> — 3(6) — 18
f(6) = 216 — 180 — 18 — 18
f(6) =0
9. (x—(=B)x—-—7=0
x+5B8)x—-—7=0
x2 — 2x — 35 = 0; even; 2
(x = 6)(x — 20)(x — (=2))(x — ) (x — (=) = 0
(x—6)x —20)(x+ 2D)(x—Dx+i)=0
(x — 6)(x% — 4iDH(x%2 - i2) =0
x—6)x>+4Hx2+1)=0
3 —6x2+ 4x—24)(x2+ 1) =0
x5 — 6xt + Bxd — 30x2 + 4x — 24 = 0;
odd; 1

10.

101

11. 2; 2 — 14x + 49 =10
x—7Nx—-7=0
x—7=0

x— 7=
x=17

f(x) A
%
40
20 1

o+ 4 8

a®+2a%2—8a=0

a@®+2a—-8 =0

ala+ 4)(a—-2)=0

a=0 at+4=0
a=—4

12. 3;

a—2=0
a=2

4 Ha)

1fa) =

a2 + 242 — 8a

2 4a

710 4

t*—1=0
@E-Dt2+1)=0
¢C—DEt+DE2+1)=0
t—1=0 t+1=0
t=1 t=-1

13. 4;

2+1=0
2 =-1

t==*i

(t)

1o\ | /0.0,

o/ t

ft) = 14— 1

14a. x% + r2 =62

r2 =36 — x2
14b. V(x) = w(36 — x2)(2x)
V(x) = (36w — mx2)(2x)
Vx) = 72mx — 2mx3
V(x) = 72mx — 273
V(4) = 72m(4) — 2mw(4)3
V(4) = 502.65 units®

V(x) = Bh
V(x) = w(36 — x2)(2x)

14c.

Pages 210-212 Exercises
15. 4;5 16. 7; 3 17. 3;5 18. 5; —25
19.6;, -1 20.2;1

21. Yes; the coefficients are complex numbers and the
exponents of the variable are nonnegative
integers.

Chapter 4



22. No; % = a7 1, which is a negative exponent.

23. yes; fla) = a* — 13a2 + 12a
f(0) = (0)* = 13(0)? + 12(0)
f(0)=0

24. no; fla) = a* — 13a2 + 12a
f(=1) = (=D = 13(-=1)% + 12(- 1)
f(=1)=1-13 - 12
f(—1) = —24

L= ED)E - D - D - (Hx—5) =0

@+ Dx—-—Dx—4Hx+Dx—-5=0
(% — 1)x2 — 16)(x — 5) =0

(x* = 17x2 + 16)(x — 5) = 0

X% — 5xt — 17x3 + 85x2 + 16x — 80 = 0; odd; 5

@ (D) - D=3~ (=3) =0

(x+ Dx—1Dx—-3)x+3)=0
@ -Da2-9=0
2 - 10x2+9=0

25. yes; fla) = a* — 13a2 + 12a

A1) = (I~ 13(1)° + 12() Wl s
f1)=1-13 + 12
f)=0
26. yes; fla) = a* — 13a? + 12a
f(=4) = (=9* — 13(—4)* + 12(—4)
f(—4) = 256 — 208 — 48
f(=4) =0
27.no; fla) = a*— 13a2 + 12a
f(=3) = (=3)* — 13(—3)? + 12(-3)
f(~3) =81 — 117 — 36 40. 2; a” - 81 =0
f(—3) = —172 a@=-9@+9 =0
a—9=0 at+t9=0

28. yes; fla) = a* — 13a2 + 12a
f(3) = (3)* — 13(3)% + 12(3)
f(3) =81 — 117 + 36
f3=0
29. f(b)=b*—3b2—-2b+ 4
f(=2) = (=2)* = 3(—2)% — 2(-2) + 4
A-2)=16—12+4 + 4
f(—=2) = 12; no
30. flx) = xt — 4w — x2 + 4x
(=) = (D' = 4(-1)3 = (=% + 4(-1)
A-1)=1+4—-1-4

f(=1) = 0; yes
3la. 3;1 31b. 2; 2 3lc. 4;2
32. (x—(—2)x—3)=0 f(b) =
x+2)x—3)=0 b2 + 36 L$
x2 —x — 6 = 0; even; 2 20: (0, 36)
3. x—(—1)x—1(x—-5)=0 1
x+Dx—-—Dx—-5))=0 — ———
@~ 1)(x—5) =0 ~4 —20v 2 4b
x3 —5x2 —x+5=0;0dd; 3 42. 3; B+92_4—-8=0
34. (- (-2 —(-05)x—4) =0 2E+2)-4¢+2) =0
(x + 2)(x + 0.5)(x — 4) =0 t+2E2-4=0
2+ 25x+ 1)(x—4) =0 t+2E+2DE—2)=0
X3 — 4x2 + 25x2 — 10x+x—4=0 t+2=0 t+2=0 t—2=0
x> —15x2—9x—4=0 t=-2 t=2

2x3 — 3x2 — 18x — 8 = 0; 0dd; 3
35. (x — (=3)(x — (—20)(x—20) =0
(x + 3)(x + 20)(x — 2i)) =0
(x+ 3)(x? —4i%) =0
x+3)x*+4)=0
X%+ 3x2 + 4x + 12 = 0; 0dd; 1

36. (x — (—5i)(x — (—)x — i) — 5i) = 0

(x + 5i)(x + i)x —i)(x —5i)) =0

(x + 5i)x —5)x—i)x+1i) =0

@2+ 25)(x2+1) =0

xt + 26x2 + 25 = 0; even; 0
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43. 3; nd—9n =0
n(n%—9 =0
nn—3)n+3) =0

n=0 n—3=0

44.3; 6¢3—3¢2—45¢=0
c(6c?2 —3c—45) =0
clc — 3)(6c+15) =0
c=0 c—3=0
c=3

45. 4;

at+a2-2=0
@+2)@-1)=0
@+2)a—1@+1)=0
a?+2=0
a2=-2

a=*V2i

a—1=0
a:

fla) =
at+at-2

(n! _2)

46. 4; 2 —10x2+9=0
@®2-9x2-1)=0
x—3)x+3)x—-—DDx+1)=0
x—3=0 x+3=0 x—1=0
x =3 x= -3 x=1

fix) =
x*—10x%2+9

n+3=0
n=-3

6c+15=0
15
6

c =-25

CcC= -

a+1=0
a=—-1

x+1=0
x=-1

47. 4; 4m*+1Tm2+4=0

4m?+ 1)(m2+4) =0

4am+1=0 m2+4=0
m=*V—4

m = *2i

-1
=+ /—
m =Nz

m = *0.51

$ (0,4)

f(m) = 4m* {17m? + 4

48. w+1Dw?2-1)=0
w+1Du+Dw—-1=0
u+1=0

u+1=0 u—1=0

u=

u
O -.(0! _1)
1flu) =
Y+ 1) (w2 -1)
49a. ki 49b. y

49c. y 49d.

<

\Y

49e. y 49f. not possible
o \J «x

103
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50.

[=5,5] scl:1by[—2, 8] scl:1
50a. 4 50b. 2; —1, 1

50c. There are 4 real roots. However, there is a
double root at —1 and a double root at 1.

51a. V(x) = 99,000x3 + 55,000x% + 65,000

51b. r =0.15 x=1+r
x=1+0.15
x=1.15

V(x) = 99,000x3 + 55,000x2 + 65,000x
V(1.15) = 99,000(1.15)3 + 55,000(1.15)2
+ 65,000(1.15)
V(1.15) = 150,566.625 + 72,737.5 + 74,750
V(1.15) = 298,054.125; about $298,054.13

52. 1 and 3 are two of its zeros.

53a. d(t) = %at2
d(60) = 5(16.4)(60)2

d(60) = 29,520 ft

d(t) = yat?
d(30) = 5(16.4)(30)2
d(30) = 7380 ft

d(t) = at?
d(120) = 5(16.4)(120)2
d(120) = 118,080 ft
53b. It quadruples; (2t)2 = 4¢2.
54. Let x = the width of the sidewalk.
The length of the pool would be 70 — 2x feet.
The width of the pool would be 50 — 2x feet.
A=A{w
2400 = (70 — 2x)(50 — 2x)
2400 = 3500 — 240x + 4x2
0 = 4x2 — 240x + 1100
0 =x2— 60x + 275
0= (x—55)(x—5)

x—55=0 x—5=0
x =55 x=5
Use x = 5 since 55 is an unreasonable solution.
5 ft
55. Let x = the number of pizzas.

(160 + 16x)(16 — 0.40x) = 4000
—6.4x2 + 192x + 2560 = 4000
—6.4x2 + 192x — 1440 = 0

x2 —30x — 225 =0
(x—15)(x—15) =0

x—15=0 x—15=0
x =15 x =15
16 — 0.40x = 16 — 0.40(15)
= $10

Chapter 4
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56.

57.

58a.

58b.

59.

60.
61.

62.

63.

64.

x—B@x—-0C)=0
—Cx—Bx+BC=0
—(C+Bx+BC=0
;g;g:B}fromeJerJrC:O
B=1
-C-1=1
-C=2
C=-2

Sample answer: 1; —2
- x=2
Y= xa+ -2

Let x = the width. The length = 5(52 — 2x) or
26 — x. A(x) = x(26 — x)

A(x) = x(26 — x)

A(x) = 26x — x2

n=1z. IIIIIIIIIIJIII:I. ¥=168

Hl:I:lll

[—5, 30] sc1:5 by [—2, 200] sc1:20
=13

26 —x =26 —13

=13
13 yd by 13 yd

The graph of y = 2x3 + 1 is the graph of y = 2x?

shifted 1 unit up.

(=6,9)

‘—15 5‘
-9 3

—15(13) — (=9)(®)

—45 + 45 or 0; no
2 -1 3 -9 2
|13 4 5 7 —6
[23) + (=1)(B) 2(—9) + (—1)(7)
13(3) + 4(5) 3(—=9) + 4(7)
2(2) + (—1)(—6)]
3(2) + 4(—6)
_ 1 -25 10
129 1 —-18
4y <—x+9 1

AB =

~= ]

S W
y —4.’XI+4

S~
~
~
~
B ~
~
~
~

Parallel; the lines have the same slope.



65.

66.

[f  gl(x) = flgx))
= f(%x + 6)
= (3x+6) -4
= 2% + 6x + 36 — 4
= ixz + 6x + 32

[g° f1(x) = g(f(x))

= g0 — 4)
= (2~ 4)+6
:%x2—2+6
=%x2+4

The pictograph shows two more small car symbols
in the row for 1999 than it does for 2000. These
two small cars represent the 270 additional cars
that were sold in 1999 compared to 2000. Since
the two small cars represent 270 real cars, each

small car symbol must represent % or 135 real
cars.
The correct choice is A.

4-2 | Quadratic Equations

Pages 218-219

1

Check for Understanding

. Add 4 to each side of the equation to get t2 — 6¢
= 4. Determine the value needed to make t2 — 6¢
a perfect square trinomial. Add this value (9) to
each side. Take the square root of each side of the
equation and solve the two resulting equations.

t=3*xV13

2. Quadratic Formula; Since the leading coefficient

does not equal 1 and the discriminant equals 185
which is not a perfect square, the Quadratic
Formula would be the best way to get an exact
answer. Completing the square can also be used,
but errors in arithmetic are more likely. A graph
will give only approximate solutions.

13+ V(=13)2 — 4(5)(D) 13 = V29
= 2(5) or 10

3a. equals 0
3c. positive number
4. Graphing

Factoring
¥2+4x—5=0
x+5)(x—1)=0
x+5=0

x= -5

3b. negative number

x—1=0
x=1

105

10.

Completing the Square
> +4x—-5=0

2+4x=5
2+4x+4=5+4
(x+22=9
x+2==3
x+2=3 x+2=-3
x=1 x= -
Quadratic Formula
—4 = V42 — 4(1)(=5)
x= e
-4+ V36
X = 2
_ —4=6
X=""
x=-2=*3
x=-2+3 x=-2-3
x=1 x= -5
See students’ work.
.x2+8—-20=0
x2 + 8x = 20
x2+ 8x + 16 =20 + 16
(x +4)2 =236
x+4==*6
x+4=6 x+4=-6
x=2 x=—10
.22+ 1la — 21 =0
a2+%a—%20
a2+%a=%
9 . 11 121 _ 21 121
a*t5at g = 16
(a+%)2=%
a+%=i%
1 17 11 17
ety = ety T Ty
a:% a=—-7
. b2 — 4ac = 122 — 4(1)(36)
= 0; 1 real
m=—12i%
m:—%zor—G

. b2 — 4ac = (—6)2 — 4(1)(13)
= —16; 2 imaginary
(=& =V-16
= 2(1)
_6*4i
2
=3*2i
pP—6p+5=0
@-50@P-1)=0
p—5=0 p—1=0
p=5 p=1
r2—4r+10=0
_ —(=9 = V(=9? - 41)a0)
- 2(1)
4 +\—-24
r= 2
4+ 2iV6
r=-—_45
r=2+iV6
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11. P =121 — 0.021?
1600 = 121 — 0.0212

0.0212 — 127 + 1600 = 0

12 — 6001 + 80,000 = 0

(I - 200)(I — 400) =0

I-200=0 I-400=0
I =200 amps I =400 amps
Pages 219-221 Exercises
12.22-22-24=0
22— 9z=24
22—-22+1=24+1
—1%2=25
z—1==5
z—1=5 z—1=-5
z=6 z=—
13. p2—3p—88=0
p?—3p =88
2 9 _ 9
p*—3p+ =88+
( é)z_@
P=3) T4
3_19 3_ 19
P39~ P=9 7= 7
p=11 p=-8
14. x2 — 10x+ 21 =0
x2 — 10x = —21
x2 — 10x + 25 = —21 + 25
(x—52%=4
x—5==2
x—5=2 x—5=-2
X = X =
15. 2 —2d++=0
3 1
d2—Zd=—§
3 9 1 9
d2—zd+a:—§+a
3\2 1
(a-3) =4
3 1
d-g="=%
3 1 3 1
d=5=% d=%§5= "%
d=5 d=7
16. 3g2—12g= —4
4
g8 —48=—3
g2-dgtd=—5+4
8
g-2%=3
g=2x°

Chapter 4

17.

18.
19.

20.

21.

22.

23.

24.

25.

2-3t—-7=0
2-3t=17
9 9
2=3t+,=T+7

1\2 1
(4 =2
b2 — 4ac = (6)2 — 4(4)(25)
= —364
2 imaginary; the discriminant is negative.

b2 — 4ac = 72 — 4(6)(—3) or 121; 2 real

_ —1=V121
m=""36
_=7=x11
m=""
__31
- 203
b2 — 4ac = (—5)2 — 4(1)(9) or —11; 2 imaginary
_ sxv-ll
ST 2
5=V
= 2
b2 — 4ac = (—84)2 — 4(36)(49) or 0; 1 real
_ 84+V0
d= 2(36)
84 7
d=-,org

b2 — 4ac = (—2)2 — 4(4)(9) or —140; 2 imaginary
2 + V=140

x = 2(4)
2 + 2iV35
X = )
_1*iV35
X = 4
3p2+4p =18

3p2+4p—-8=0
b2 — 4ac = 42 — 4(3)(—8) or 112; 2 real
4= V112
p= 2(3)
-4 +4V7
pP="735
-2+ 2V7
p="73
2k2 + 5k =9
2k2 4+ 5k —9=0
b2 — dac = 52 — 4(2)(—9) or 97; 2 real

=5+ VoT
k= "33
b= -5 14@
26. -7+ iV5 27.5 + 2i
— 2 _
98. s = b+ \/21; 4ac
5= V(EH)? — 4(3)9)
s = 2(3)
5+ V-—-83
§$= "¢
5+ iV83
§= 6
106



29. x2-3x—28=0
x—TDx+4=0

x—7=0 x+4=0
x="17 x=—4
30. 4w?2+ 19w —-5=0
(4w — )(w —5)=0
4w —-1=0 w+5=0
4w =1 w=—5
31. 4r2 —r=5
4r2 —r—-5=0
@r—-5r+1)=0
4r —-—5=0 r+1=0
4r =5 r=-—
_35
r=1
—b + Vb2 — 4ac
82.p= "5
. —2+V22 — 4B
- 2(1)
_ —2+V/-328
- 2
A
- 2
p=71ii\/7
+/ 2 _ _
33, 5 = 2V6 <2;/(§; 41)(=2)
2V6 + V32
Xx="
2V6 + 4V2
Xx="g
x=V6+2V2

34a. P = 0.0142 + 0.05A + 107
P =0.01(25)2 + 0.05(25) + 107
P =625+ 1.25 + 107
P =114.5 mm Hg

34b. P =0.0142 + 0.05A + 107
125 = 0.0142 + 0.05A + 107
0=0.014%2 + 0.054 — 18
—b = Vb2 — 4ac
A = 2a
A= —0.05 = V0.052 — 4(0.01)(—18)
- 2(0.01)
—0.05 = V0.7225
A= 0.02
A= —0.05 + V0.7225 A= —0.05 — V0.7225
- 0.02 - 0.02
A =40 A= —45
40 years old
34c. P
150 4
125+
Tootp=
75 10.014% + 0.05A + 107
50 1
251

OY 2550 75100 A

As a woman gets older, the normal systolic
pressure increases.
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35. b2 -—4dac<0
82 — 4(1)(c) <0
64 —4c <0
—4c < —64
c>16
36a. A = bh
A = 12(16)
A =192

(12 — 20)(16 — 22) = 5(192)
(12 — 22)(16 — 2x) = 96

36bh.

36c¢.

37a.

37b.
37c.

37d.

37e.

(12 — 2x)(16 — 2x) = 96

192 — 56x + 4x2 = 96
4x2 — B6x + 96 = 0
X2 —14x +24 =0

f(x) 4

20 1

10 1

"ol 10] 20 x

_10 4

20\ 8=
- X2 —14x+ 24
roots: 2, 12

12— 2x=12 - 2@2) or 8

16 — 2x = 16 — 2(2) or 12

8 ft by 12 ft

12 — 2x =12 — 2(12) or —12
16 — 2x = 16 — 2(12) or —8

0
d(v = vt — 58t i S
d(t) = 5t — ~(32)2 off
d(t) = 5t — 16t

d(f) = 5t— 1612

0 and about 0.3

The x-intercepts indicate when the woman is at
the same height as the beginning of the jump.

d(t) = 5t — 16¢2

—50 = 5¢t — 16t2
—50 = 5¢t — 16t2

16t2 — 5t —50=0

_ —b* Vb2 — dac
t= 2a

5+ V(=5)% - 4(16)(-50)
t= 2(16)

_ 5+V3225
t= 32

_ 5+V3225 _ 5-V3225
t= 32 t= 32
t~193s t=~—1.62
about 1.93 s

Chapter 4



38.

39.

40.

41.

42.

ax?+bx+c=0
249 < _
Xt L=
b c
2 o._ _¢<
X +a32c— e ,
b b c b
2 2 2 - £ 0
X +a‘x+(2a>2_ a+(2a)
b c b2
(‘x+2a)2_ a 4a?
b —4ac + b?
(x+2a) - 4a?
L_+\/b2—4ac
Yt o =T
b Vb2 — 4ac
e
2a 2a
. —b + Vb? - 4ac
x= 2a
2; 1822+ 3a—-1=0

(Ba+ 1)(®Ga—1)=0

3a+1=0 6

3a = -1

__1
a="3

f(

fa) =
18a2 + 3a —|1

fx) = (x — 9)

y=(x—9)?
x=(y — 9)2

=V = y—9
y = *Vx+9

o) =+Va+9

3x + 4y = 375

—2(5x + 2y) = —2(345)

3x + 4y = 375
3(45) + 4y = 375
y =60 (45, 60)

619 — 595
43.m="54"9,
_ 24
M =04
m = 60
44, 3y + 8x = 12
3y = —8x + 12
y=3x+ 4; —%
45. x2 + x — 20 = (x + 5)(x — 4)

The correct choice is A.

Chapter 4

a—1=
6a =
_1
a=7%
y..
¥\ T ,4
N T /7
AN 7/
N + Vs
\‘ X X .‘,
'\Q" ',/' X
!I,
y<lIxl—2]
3x + 4y = 375
—10x — 4y = —690
—Tx = —315
x =45
619 —x
60 =55 32
619 —x = —24
x = $643

108

43 | The Remainder and Factor
Theorems

Page 226 Check for Understanding

1. The Remainder Theorem states that if a
polynomial P(x) is divided by x — r, the remainder
is P(r). If a division problem has a remainder of 0,
then the divisor is a factor of the dividend. This
leads to the Factor Theorem which states that the
binomial x — r is a factor if and only if P(r) = 0.

2. (x> —4x2 —Tx+8) =+ (x—5); 42 +x—2; -2

3. The degree of a polynomial is one more than the
degree of its depressed polynomial.

4. Isabel; if f(—3) = 0, then (x — (—=3)) or (x + 3) is a

factor.
5.201 -1 4 6.-501 1 -17 15
2 2 -5 20 —15
1 1[s6 1 —4 3l o
x+ 1, R6 x2 — 4x + 3
7. fix) = x2 + 2x — 15
f3) = (3)% + 2(3) — 15
=9+ 6 — 150r 0; yes
8. flx) = x*+ x2+ 2
f3) = B)* + (3)2 + 2
=81+9+ 2o0r92;no
9. fx) =3 —Bx2—x+5 11 -5 -1 5
f)y=@32-512%-1+5 1 -4 -5
=1-5—-1+50r0 1 -4 5] 0
x — 11is a factor ¥2—4x—5=(x—5)(x+1)
x—=5),x+1),x—-1
10. f(x) = x3 — 6x2 + 11x — 6
1) = 1?3 - 6(1)% + 11(1) — 6
=1—-6+11—-60r0
101 -6 11 -6
1 -5 6
1 -5 60 0
x — 11s a factor ¥2 —Bx+ 6 =(x — 2)(x — 3)
x—1),x—2),x—-3)
11. —101 0 -7 k 6+ k=2
-1 1 6 k=-4
1 -1 -6] 6+k
12a. 12 12b. 12 12¢. 11

12d. f(x) = x7 + x9 + x12 — 242
=12 + 29 + &7 — 22
= x(x1! + 8 + x8 — 2x)
= x2(x10 + x7 + xP — 2)
x, x2, 21 + 28 + 26 — 2x, or x10 + &7 + x5 — 2
1. h=r+4 V= mr2h
V=mari(r+ 4)
5w = wri(r + 4)
5w = mrd + 4mwr?
0=mrd+ 4wr? — 57
0 =13+ 4r2 — 5)

101 4 0 -5
1 5 5
1 5 5 0
r—1=0 h=r+14
r=1in. h=1+4or5in.



Pages 226-228
14.

16.

17.

18.

19.

20.

22

23

24

25

26

27.
28.

29.

30.

Exercises
20 91 15.301 -9 27
-7  -91 3 -18

—28
27

—701

1 13 0 1 -6 9

x+ 13 x2—-6x+9,R-1
201 -1
12 24
1 6 12 | 23
x% + 3x2 + 6x + 12, R23
-201 0 -8 0 16
-2 4 8 -16
1 -2 —4 8| 0
X3 —2x2 —4x + 8
-103 -2 5

-1

0 0
6

1
2
3

-4 -2
-3 5 —-10 14
3 -5 10 —14 | 12
3x3 — 5x2 + 10x — 14, R12
pn2 0 -2 -3
2 2 0
2 2 o|—3
222 + 2x, R —3
flx) = x? — 2
)y =@?%-2

=1—-—2o0r —1;no0

21.  flx) = x5 + 32
f(—=2) = (—=2)5 + 32
—32 + 32 or 0;

yes

Lf)=xt—6x2+ 8
fV2) = (V2)* - 6(V2)% + 8
=4 —12 + 8or 0; yes

) =3 —x+6

f@=@23-2+6
=8—-2+6o0rl12;no

L fx) = 4x3 + 4x2 + 2x + 3

) =41)3 + 4(1)2 + 2(1) + 3
=4+4+2+30rl3;no

 flx) = 2x3 — 3x2 + x

f) =21)3 - 3(1)2 + 1
=2—-3+ 1or0;yes

a-d. 3 9

—
== = =

=ou N [
|
N

—2 1

(V6)* —36=236—-360r0
-101 7 -1 -7
-1 -6 7
1 6 -71 0
2+6x—T=@x—Dx+17
x— D+ Dx+17
201 1 -4 -4
2 6 4
1 3 2] 0
22+3x+2=@x+ 1+ 2)
x—2),x+1),x+2)
101 -1 —49 49
1 0 —49
1 0 —-49] 0
x2—49=(— N+ 17)
=1, x—=T7,x+17

109

31.401 -5 2 8
4 -4 -8
1 -1 2] 0

2—-x—2=(x-2kx+1)
x—4),«x—2),x+1)

32.201 -2 -4 8
2 0 -8
1 0 —-4] 0

x2—4=@x—-2x+2)
x—2),(x—2),(x+2)
101 4 -1 —4
1 5 4
1 5 4] 0
22+ bBx+4=(x+ 1+ 4)
x—1,«+1),x+4
-1g1 3 3 1
-1 -2 -1
1 2 1] 0
2+2x+1=@x+Dx+1)
x+1,x+1),x+1)

33.

34.

35. 2011 0 -9 0 24 0 -16
2 4 -10 -20 8 16
1 2 -5 -10 4 8 0
x° + 2x% — 5x3 — 10x2 + 4x + 8
201 2 -5 -10 4 8
2 8 6 -8 -8
1 4 3 -4 —41] 0
xt +4x3 + 302 — 4x — 4
201 4 3 -4 —4
2 12 30 —52
1 6 15 —26|-56
2 times
36. —101 2 -1 -2
-1 -1 2
1 1 -2| 0
RZH+x—-2=x+2x—1)
1 time; —2, 1
37. fx) =263 —x2+ x + k

=213 - 1)2+1+k
0=2-1+1+%
-2=k
38. f(x) = x3 — kx? + 2x — 4
f2) = (2)? — k(2)* + 2(2) — 4
0=8—-4k+4—-4
0= -4k + 8
2="Fk
fix) = x% + 182 + kx + 4
A(=2) = (—2)3 + 18(—2)% + k(=2) + 4
0=-8+72—-2k+4
0= -2k + 68
34 ="F
fx) = x3 + 452 — kx + 1
(1) = (-1)3 + 4(-1)2 — k(-1) + 1
0=-1+4+k+1
0=Fk+4
-4 =Fr

39.

40.

Chapter 4



41. d(@t) = vyt + 2at
25 = 4t + 5(0.4)2
0=0.2t2+ 4t — 25

5002 4 —25
1 25
02 50 O
t—5=
t=5s
42.101 1 -7 a b
1 2 -5 -5+ a
1 2 -5 —5+a-5+a+b
-201 2 -5 —b+a —bta+b
-2 0 10 —10 — 2a
1 0 -5 5+a J-15—a+b
-54+a+b=0 -5+a+b=0
—-15—a+b=0 —-54+a+10=0
—20 +2b=0 a+5=0
2b = 20 a=—-5
b=10
43a. V(x) = 3 —x)(4 — x)(56 — x)
Vir) = (12 — Tx + 22)(5 — x)
Vix) = —x3 + 12x2 — 47x + 60
43b.  VY(x)
vix)
1 12x2 — 47x + 60
—~—
ol
43c. V=( -w-h
¥=3?;4-50r60
5V = +(60)

= 36
Vix) = —x% + 12x2 — 47x + 60
36 = —x3 + 1242 — 47x + 60
36 = —x3 + 1242 — 47x + 60
0= —x%+ 1242 — 47x + 24

H 55?13

—3,10] scl:1by [
about 0.60 ft

43d.

—200, 100] sc1:25

44a. € =5(20 — 20) or 10 — x

w=18 — 2x

h =x

V(x) = (10 — x)(18 — 2x)(x)
V(x) = (180 — 38x + 2x2)(x)

Vix) = 2x3 — 38x2 + 180x

Chapter 4
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38x2 +[180x

oV 4 8 12 X
44c. V(x) = 2x3 — 38x2 + 180x
224 = 2x3 — 38x2 + 180x
44d. 224 = 2x% — 38x2 + 180x
0 = 2x3 — 38x2 + 180x + 224
0=x3—19x2 + 90x + 112
201 —-19 90 112
2 —34 -112
1 —17 56 0 2 in.
45. P(3 + 4i) = 0 and P(3 — 4i) = 0 implies that these
are both roots of ax? + bx + c. Since this
polynomial is of degree 2 it has only these two

roots.
x=3=*4i
x— 3= =*4i
(x—3)2=-16

x22—6x+9=16
x2 —6x+25=0
a=1,b=—-6,c=25
46. 2 +5r—8=0

r24+5r=28
25
2+5r+*—8+*
2 57
(3 -7
5 57
r+y=%x7
_ _ b V5T
r=-—gx 2

47a. flx) = x* — 4x% — 22 + 4x
f2) = (2* — 4(2)% — (2)? + 4(2)
f(2) =16 — 32— 4+ 8or —12; no
47b. f(0) = (0)* — 4(0)®> — (0)2 + 4(0)
f(0)=0—-0—-0+ 0or0;yes
47c. f(—2) = (—=2)* — 4(—-2)3 — (—2)2 + 4(—2)
f(—2) =16 + 32 — 4 — 8 or 36; no
47d. f(4) = (9* — 4(4)® — (D2 + 4(4)
f(4) = 256 — 256 — 16 + 16 or 0; yes
48, f(x) = x5 — 32

~

(0, —32); point of inflection
[—4, 4] sc1:1 by [—50, 10] sc1:10
49. wider than parent graph and moved 1 unit left




50. Let x = number of 100 foot units of Pipe Aand y =

51.

52.

53.

number of 100 foot units of Pipe B.

4x + 6y = 48
2x+2y=18
2x + 2y =18 7 yz,H.y=15
2 +y =16 (0,8)
3,6 =
x=0 ( 4x + 6y =48
y=0

X=0 (7!2)

Ov(0,0) y=0 (8,00

P(x, y) = 34x + 40y
P(0, 0) = 34(0) + 40(0) or O
P(0, 8) = 34(0) + 40(8) or 320
P(3, 6) = 34(3) + 40(6) or 342
P(7,2) = 34(7) + 40(2) or 318
P(8, 0) = 34(8) + 40(0) or 272
3 — 100 foot units of A, or 300 ft of A
6 — 100 foot units of B, or 600 ft of B
4+ 2y +3z2=6 dx+ 2y + 32=6
2x + Ty = 3z - 2x+Ty—32=0
—3x — 9y + 13 = -2z —3x — 9y + 2z=-13
dx+ 2y +32=6
2+ Ty —3z2=0
6x + 9y =6
22x + Ty — 32) = 2(0)
3(—=3x — 9y + 22) = 3(—13)
l

4x + 14y —62=0
—9x — 27y + 62 = —39
—b5x — 13y = -39
5(6x + 9y) = 5(6)
6(—bx — 13y) = 6(—39)

!

30x + 45y = 30

—30x — 78y = —234

—33y = —204
_ 68
Y=mn
6x + 9y = dx+ 2y +3z2=6
68 91 68
6x + 9(?) =6 4(—) + 2(?) +32=6
546 294
6x = — 3z=77
91 98
X="7 =11

_91 68 98
( 110 11° 11)
M52 255 or (4.5, 4)
N(_22_2, 6;3) or (—2, 1.5)

slope of MN = ﬁ or —1

slope of RI = %or -1

Since the slopes are the same, MN || RI.

a>b a>b a>b
ac < be at+tc>b+ec a—c>b—-c
I. true II. true III. false

The correct choice is D.
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4-4 | The Rational Root Theorem

Page 232 Graphing Calculator Exploration

1. 3;1, -1, =2

2.2;,-1,2

3. (1) 1 positive;
f(—x) = (—x)* + 4(—x)% + 3(—x)2 — 4(—x) — 4
f(—x) = x* — 463 + 3x2 + 4x — 4; 3 0r 1
(2) 1 positive; f(—x) = (—x)3 — 3(—x) — 2

f(—=x) = —x3 +3x — 2;20r 0

4. In the first function, there are 2 negative zeros,
but according to Descartes’ Rule of Signs, there
should be 3 or 1 negative zeros. This is because
the —2 is a double zero. In the second function,
there is one negative zero, but according to
Descartes’ Rule of Signs, there should be 2 or 0
zeros. This is because —1 is a double root.

5. One number represents two zeros of the function.

Page 233 Check for Understanding

1. possible values of p: =1, +2, +3, =6
possible values of g: =1
possible rational roots: +1, =2, =3, =6

2. If the leading coefficient is 1, then ¢ must equal 1.
Therefore, 2 becomes % or p, and p is defined as a
factor of a,,.

3. Sample answer: f(x) = x> — x2 + x — 3;
f(=2) = (0% = (02 + (—x) — 3
f(—x)=—x3—x2—x—3;0
3 or 1 possible positive zeros and no possible
negative zeros

4. Sample answer: You can factor the polynomial,
graph the function, complete the square, or use
the Quadratic Formula if it is a second-degree
function, or use the Factor Theorem and the
Rational Root Theorem. I would factor the
polynomial if it can be factored easily. If not and it
is a second-degree function, I would use the
Quadratic Formula. Otherwise, I would graph the
function on a graphing utility and use the
Rational Root Theorem to find the exact zeros.

P
5. ;:il, +2 . 1 4 1 9
1 1 -3 -2 0
-1 1 -5 6 —4
2 1 -2 -3 —4
-2 1 -6 13 |—-24

rational root: 1

Chapter 4



.p:*1, 3
q: =1, *2
P 1 .3
E:il,i3,i§,i§
r 2 3 -8 3
1 2 5 -3 0
-1 2 1 -9 12
1
) 2 4 -6 0
1
-3 2 2 -6 -1.5
3 2 9 19 60
-3 2 -3 1 0

1

s 1

. 20r 0; f(—x) = 8(—x)3 — 6(—x)2 — 23(—x) + 6
f(—x) = —8x3 — 6x2 + 23x + 6; 1

rational roots: —3

P 1 3 1 3 1 3
;:il,i2,i3,i6,i§,i§,iz,i1,ig,i§
r 8 -6 —-23 6
1 8 2 —-21 —-15
2 8 10 -3 0
8x2 +10x —3=10
(4x — 1)2x+3) =0
4 —-1=0 2¢+3=0
4x =1 2x = —3
1 3 1
x=7 x=—5or—1y
11
15,3, 2

L L (%) = (=03 + T(=x)% + T(—x) — 15
f(—x) = —x3 + Tx2 — Tx — 15; 2 0r 0
p

PE *1, £3, x5, =15

r 1 7 7 —15
1 1 8 15 0
-1 1 6 1 —-16
-3 1 4 -5 0
-5 1 2 -3 0
-5,-3,1
r2 =152 — x2
V= %ﬂn'rQh

11527 = $m(15% — 22)(15 + x)
3456 = (152 — x2)(15 + x)

3456 = 3375 + 225x — 15x2 — &3

x3 + 15x%2 — 225x + 81 =0

Possible rational roots: =1, =9, +81

fix) = x® + 1552 — 22656 + 81 =0

f(1) = —128 f(—1) = 320

f(9) =0 f(—9) = 2592

f(81) = 611,712 f(—81) = —414,720
x represents 9 cm.

Chapter 4
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Pages 234-235
10.

11.

12.

13.

14.

L1, +9 +3, +6
q: bl bl bl

Exercises

1 2 -5 -6
3 -2 -8
4 3 0
¥ +4x+3=0
x+3)x+1)=0
x=-3,x=-1
rational roots: —3, —1, 2
%zil,iZ,i3,i6,i9,i18
r 1 -2 18
-1 1 -3 14
—2 1 —4 0
x> —4x+9=0
does not factor
rational root: —2
p,
orxl, *2
1 -5 9 =7
1 —4 5 -2
X3 — 4x2 + 5x — 2
r 1 —4 -2
1 -2 0
¥ —2x+1=0
x—1Dx—-1)=0
x=1x=1
rational roots: 1, 2
%zil,i2,i4,i5,i10,i20
r 1 -5 —4 20
1 1 —4 -8 12
-1 1 -6 2 18
2 1 -3 —10 0
x2—3x—10=0
x—=5)x+2)=0
x=5x=—-2
rational roots: —2, 2, 5
p:*x1, £3
q: *1, *2
P 1 3
L +1, =3, e
r 2 -1 0 -6
1
5 | 2 0 0 —6
23 —6=0
X8 =3
x=V3

. 1
rational root: 3




16.

17.

18.

19.

p:*1
q: *1, =2, =3, =6
L T
q » T2 T3 T 6
r 6 3 -1 -7 -1
s |6 38 18 2| o
6x3 + 38x2 + 18x + 2
r 6 38 18 2
< | 6 3 6|0

6x% 4+ 36x + 6 =0
2+6x+1=0
does not factor
. 11
rational roots: —73, 5

4; 3 or 1;

f(—x) = (—x)* — 2(—x)% + T(—x) + 4(—x) — 15
f(—x) = x* + 2x3 — Tx — 4x — 15; 1 negative

1 positive
f(=x)= —x>+7x— 6
0 or 2 negative

1 0 -7 —6
1 1 -6 —-12
—1 1 —1 —6 0
2—-—x—6=0
x—=3)x+2)=0
x=3,x=—-2
rational zeros: —2, —1, 3
1 positive
f(—x) = —x3 — 222 + 8
1 negative
flx) = x% — 2x2 — 8x
0= x(x%2 — 2x — 8)
=x(x — 4)(x + 2)
x=0,x=4,x= -2
rational zeros: —2, 0, 4
1 positive
f(—x) = —x3 + 3x2 + 10x — 24
2 or 0 negative
r 1 3 —-10 —24
3 1 6 8 | 14

X2+ 6x+8=0
x+4Hx+2)=0
x=—4,x= -2
rational zeros: —4, —2, 3
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20.

21.

22.

23a

23b.

23c.

23d.

24a.

2 or 0 positive
f(—x) = —10x3 — 17x%2 + Tx + 2
1 negative

) = (x — 2)(x + 2)(x + 1)2

fx) = (62 — 42 + 2x + 1)

fix) = x* + 2x3 — 3x2 — 8x — 4
1 positive

f(—x) = x* — 2x3 — 3x2 + 8x — 4
3 or 1 negative

r 10 —17 -7 2
— | 10 -2 4| 0
1062 — 226 +4 =10
5x2 — 11x+ 2 =0
Gx—1x—-2)=0
X=5x= 2
. 11
rational zeros: —73, 7, 2
2 or 0 positive
f(—x) = x* — 2x3 — 9x2 + 2x + 8
2 or 0 negative
r 1 2 -9 -2 8
1 1 3 —6 -8 [ o
x% + 3x2 — 6x — 8
r 1 3 -6 -8
—1 1 2 -8 | o
¥ +2x—8=0
x+49)x—-2)=0
x=—4,x=2
rational zeros: —4, —1, 1, 2
2 or 0 positive
f(—x) = x* — 5x2 + 4
2 or 0 negative
r 1 0 -5 0 4
1 1 1 —4 -4 | o
X3+ a2 — 4x — 4
1 1 —4 —4
—1 1 0 -4 | o
x2—4=0
(x—2)(x+2) =0
x=2,x=—2
rational zeros: —2, —1, 1, 2
L @) = (x— 2)(x + 2)(x + 1)2
0=(x—2)(x+ 2)(x + 1)2
x—2=0 x+2=0 (x+1)2=0
x =2 x=—2 x+1=0
x= -1

There are 2 negative zeros, but according to

Descartes’ Rule of Signs, there should be 3 or 1.
This is because —1 is actually a zero twice.

Let ¢ = the length.

w=4{—-4
h=2¢—-1
ViO)y=¢-w-h

VI0) = €(€ — 4)(2¢ — 1)
V(€) = (€2 — 4€)(2¢ — 1)
V() = 203 — 92 + 4¢
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24Db.

24c.

25a.
25b.
25c¢.
26a.

26b.

26¢.

217.

V(£) = 263 — 9¢2 + 4¢
2208 = 203 — 9¢2 + 4¢

2208 = 203 — 9¢2 + 4¢
0 =203 — 9¢2 + 4¢ — 2208
r 2 -9 4 —2208
12 2 15 184 | 0
€=12 w=+¢-4 h=2¢-1

w=12—-40r8
12 in. X 8in. X 23 in.

h=2(12) - 1or 23

Sample answer: x* + x3 + ¥2 + x + 3 =10
Sample answer: 23 — x2 — 2 =10

Sample answer: x3 — x = 0

Let € = the length.

h=¢€-9

V(0) = 5Bh

VIO = 52 - 9)
V(O) = 503 — 362
V(0) = 503 — 3¢2
6300 = 53 — 3¢2
6300 = 33 — 3¢2

0 = €3 — 3¢2 — 6300
0 = ¢3 — 9¢2 — 18,900

r 1 -9 0 —18,900
30 1 21 630 | 0
¢ =30 h=¢-9

h=30—-9o0r21
base: 30 in. by 30 in., height: 21 in.
d = 0.0000008x2(200 — x)
0.8 = 0.0000008x2(200 — x)
0 = 0.00016x% — 0.0000008x3 — 0.8
0 = 83 — 1600x2 — 8,000,000
0 = a3 — 200x2 — 1,000,000

r 1 —-200 0 1,000,000
100 1 —100 —10,000 | 0
x = 100 ft
28. The graphs are reflections of each other over the
x-axis. The zeros are the same.
29. -1 -1 —56
—7 56
1 -8 0
x— 8
30. b2 — dac = 62 — 4(4)(25)

31.

32.

Cha

—364; 2 imaginary
(x =D~ D)x—2)@x—(-2) =0
x—Dx+Dx—2)(x+2)=0
@2 - 1Dx2-—4)=0
x*—5x2+4=0
y = 4.3x — 8424.3
y = 4.3(2008) — 8424.3
y = $210.10

pter 4
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26-3 _3-x
x 2
22x — 3) = x(3 — x)
4x — 6 = 3x — x2
2+x—6=0
x+3)(x—2)=0
x+3=0
x=—3

33.

x—2=0
x =2
The correct choice is A.

Page 235 Mid-Chapter Quiz

1. (x — Dx — (—D)(x — 2)(x — (—2i)) = 0
(x — Dx+ Dx — 2i)(x + 2i)) =0
2= D@2 +4)=0
xt+3x2-4=0

.3 a3 — 1122+ 30x=0

x(x? — 11x + 30) = 0

x(x —6)(x—5)=0

x=0 x—6=0 x—5=0
x=6 x =
3. x2 + 5x = 150
x2+5x+%:150+%
2 2
(8] -2
x+g=i%
_ —5%25
X=""

—5+ 25 -5 - 25
X=""9 X=""
x =10 x=—15

4. b% — dac = (—39)% — 4(6)(45)
= 441; 2 real roots

39 + V441
b="5
_ 3921

12
39 + 21 39 — 21
T 12 or b=""7
=5 b=3
5. —201 3 -2 -8
-2 =2 8

1 1 4] 0

x2+x—4
6.401 -4 2 -6
4 0 8

1 0 2] 2

2; no
7.101 -2 -5 6
1 -1 -6

1 -1 -6 0
¥2—x—6=x—3)x+2)
(x —3)(x — 1)(x + 2)

p
8.;;t1,t3
r 6 10 3
-3 3 1| 0

¥2+3x+1=0
does not factor
rational root: —3



9.

10.

1 positive
F(—x) = x* — 4x3 + 3x2 + 46 — 4
3 or 1 negative

r 1 4 3 —4 —4
5 8 4 | o0
x4+ Bx2+ 8x+4=0
r 1 5 8 4
~1 1 4 4 | o0
2+4x+4=0
x+2)(x+2)=0
x=-2,x=-2
rational zeros: —2, —1, 1
Let r = radius.
h=r+6
V=é’rrr2h
27w = +mr(r + 6)
0 =53 + 2mr? — 27w
0=r3+6r2—81
r 1 6 0 —81
1 9 27| 0
r=3 h=r+6
h=3+60r9

r=3cm,h=9cm

4-5

Locating Zeros of a Polynomial

Pages 239-240
1.

Function

Check for Understanding
If the function is negative for one value and
positive for another value, the function must cross
the x-axis in at least one point between the two
values.

f(x)
(b, 1(b))

o 7 b X
f(a) -

[ (. f(a)

. Use synthetic division to find the values of the

polynomial function for consecutive integers.
When the values of the function change from
positive to negative or from negative to positive,
there is a zero between the integers.

. Use synthetic division to find the values of the

polynomial function for consecutive integers. An
integer that produces no sign change in the
quotient and the remainder is an upper bound.
To find a lower bound of a function, find an upper
bound for the function of —x. The lower bound is
the negative of the upper bound for the function
of —x.

115

4. Nikki; the sign changes between —2 and —1.

5.

10.

r 1 —4 —2
-2 1 -6 10
-1 |1 -5 3]
0 1 —4 -2
1 1 -3 -5
2 1 -2 -6
3 1 -1 -5
4 |1 0 72]
5 1 1 3
4and 5, —1and 0
r 1 -3 -2 4
-2 |1 -5 8 | -12 }
-1 1 —4 2 2
0 1 -3 -2 4
1 1 -2 —4 0«
2 1 -1 —4 —4
3| 1 0 -2 —2}
4 1 1 2 12
—2and —1,at 1, 3 and 4
rl 2 -4 0 -3
0 2 —4 0 -3
1 2 -2 -2 -5
2 | 2 0 0 —3]
3 2 2 6 15
approximate zero: 2.3
r |1 3 2
-2 |1 1 ‘ 0
-1 1 2 0
zeros: —2, —1
. Sample answer:
rl1 0o o -8 2
1 ‘ 1 1 1 =7 ‘ -5
2 1 2 4 0 2
upper bound: 2
f(—x) =x* + 8 + 2
r| 1 0 0 8 2
ol 1 o o 8] 2
lower bound: 0
Sample answer:
r 1 0 1 0 -3
1 1 1 2 2 -1

2 1 2 5 10 17
upper bound: 2

f(—x) = x*+x2 -3

r 1 0 1 0
1 1 1 2 2
2 1 2 5 10 17
lower bound: —2

11a. Let x = amount of increase.

Vix) = (25 + x)(30 + x)(5 + x)
V(x) = (750 + 55x + x2)(5 + x)
Vix) = x3 + 60x2 + 1025x + 3750
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11b. V=¢-w-h 1.5V = 1.5(3750) 17. r 2 0 1 -3 3
V = 25(30)(5) 1.5V = 5625 -3 2 -6 19 -60 | 183
V= 3750 -2 |2 -4 9 -21 45
V(x) = 23 + 60x2 + 1025x + 3750
5625 = x3 + 60x% + 1025x + 3750 )2 -2 3 -6 9
1lc. 5625 = x3 + 60x2 + 1025x + 3750 0] 2 0 ! -3 3
0 = «3 + 6022 + 1025x — 1875 1|2 2 3 0 3
r |1 60 1025  —1875 21 2 4 9 16 35
1 1 61 1086 _789J no real zeros
2 | 1 62 1149 ‘ 423 18. 6 24  —54 -3
x=1.7 -6 | 6 —12 18 [ —111
25 +x =25+ 1.7 30 +x =30+ 1.7 -5 | 6 -6 —-24 117
= 26.7 = 31.7 yes; f(—6) = —111, f(—=5) = 117
5+x=5+17 19-25. Use the TABLE feature of a graphing
=6.7 calculator.
about 26.7 cm by 31.7 cm by 6.7 cm 19. —0.7,0.7 20. —2.6, —0.4
21. —-2.5 22. —0.4, 3.4
Pages 240-242  Exercises 23. 1,1 24. ~1.3,0.9.7.4
12. r |1 0o 0 -2 25. —1.24
] 1 1 1 _3 26. Sample answers:
01 0 0| -2 r| 38 -2 5 -1
B 1] 3 1 6] 5
; 1 ; le flj upper bound: 1
f(—x) = —3x% — 242 — hx — 1
3|1 3 9 25 | -3 9 -5 1
1 and 2 0 -3 ) -5 | -1
13. r 2 -5 1 lower bound: 0
-1 2 =7 8 27. Sample answers:
0|2 -5 1] rl1 -1 -1
112 -3 -2 1|1 0 | -1
2|2 -1 —1} 2 11 1 1
3 9 1 4 upper bound: 2
0and 1, 2 and 3 o) = o +x =1
4. r |1 -2 0 1 -2 . 1 ; | _1
_? 1 _g g _12 23 lower bound: —1
0 1 —9 0 1 ) 28. Sample answers:
111 -1 -1 o | -1 r|l 1 -6 2 6 —13
s | 1 0 0 1 0 1|1 -5 -3 3 [ —10
at -1, at 2 211 -4 -6 -6 | —25
5. r | 1 0 -8 0 10 st 3 -7 ~15) 58
e — o1 411 -2 -6 -18 | -85
A s | _6 51 -1 -3 -9 | -58
I I i 5] 6 | 1 0 2 18 95
upper bound: 6
01 o -8 0 10 f(—x) = x* + 6x% + 2x2 — 6x — 13
; i ; :Z :; _2: r |1 6 2 -6  -—13
1|1 7 9 3 | —-10
311 3 1 3 1 19! 2|1 8 18 30 47
—3and —2, —2and —1, 1 and 2, 2 and 3 lower bound: —2
16. r 1 0 -3 1
2|1 -2 1 —1}
-1/ 1 -1 -2 3
0] 1 0 -3 1]
1|1 1 -2 —1]
2 |1 2 1 3

—2and —1,0and 1, 1 and 2
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29. Sample answers: 32f. —1.4, 3.4 (Use TABLE feature of a graphing

r 1 5 -3 —20 calculator.)
i1 6 3 | 17 33a. 1890: P(0) = —0.78(0)* + 133(0)3 — 7500(0)2
2 11 7 11 2 + 147,500(0) + 1,440,000
upper bound: 2 = 1,440,000
f(—x) = —x3 + 5x? + 3x — 20 1910: P(20) = —0.78(20)% + 133(20)3 — 7500(20)2
r| -1 5 3 —20 + 147,500(20) + 1,440,000
] -1 4 7 —13 = 2,329,200
2| 1 3 9 —2 1930: P(40) = —0.78(40)* + 133(40)3 — 7500(40)2
3| -1 2 9 7 + 147,500(40) + 1,440,000
4] -1 1 7 8 = 1,855,200
5 | -1 0 3 —5 1950: P(60) = —0.78(60)* + 133(60)3 — 7500(60)2
6| -1 -1 -3 | —38 + 147,500(60) + 1,440,000
lower bound: —6 = 1,909,200
30. Sample answers: 1970: P(80) = —0.78(80)* + 133(80)% — 7500(80)2
r 1 -3 -2 3 -5 + 147,500(80) + 1,440,000
1 1 -2 —4 -1 —6 = 1,387,200
2 1 -1 —4 =5 -15 The model is fairly close, although it is less
3 1 0 -2 -3 —14 accurate at for 1950 and 1970.
4 1 1 2 11 39 33b. 1980 — 1890 = 90
up_per_bo‘;nf: 343 o _3r_5 P(90) = —0.78(90)* + 133(90)3 — 7500(90)?
7;( x){x I G + 147,500(90) + 1,440,000
1T 1T ¢ P(90) = 725.3,800
9 1 5 8 13 21 33c. The population becomes 0.
lower bound: —2 33d. No; there are still many people living in
31. Sample answers: Manhattan.
r 1 5 -3 20 0 -15 34. Sample answer:
1|1 6 3 238 23] 8 f@) = (x = V2)(x + V2)(x + 1)
upper bound: 1 fl) = (% = 2)(x + 1)
f(—x) = —xP + bxt + 3x3 + 20x% — 15 f) = &% + 2% — 20 — 2, V2, -1
ro| -1 5 3 20 0 -15 f(x)
1 | -1 4 7 27 27 8
2 -1 3 9 38 76 137 f(x)=x3+
3 | -1 2 9 47 141 408 X2 —2x—2
4 -1 1 7 48 192 753 ———t H
5 | -1 0 3 35 175 860 X
6 | -1 -1 -3 2 12 57
71 -1 -2 —-11 -57 —399 | —2808
lower bound: —7
32a. 4 32b. *1, +5 35a. 37.44 = 60x3 + 60x2 + 60x
32c. 3or1; f(—x) :1x4 +3x3—2%2—-3x—5 35b. f(x) = 60x3 + 60x2 + 60x — 37.44
1 negative real zero
s2d. r | 1 -3 -2 3 -5 she. =¥
5 1 2 8 43 210 60x% + 60x%[+ 60x — 37.44
4|1 1 2 1 39} 20
3|1 0 -2 -3 | —14 — —
2 11 -1 -4 -5 | —15 -2 10 1 2x
1|1 -2 -4 -1 -6 -20
0|1 -3 -2 3 -5
1|1 -4 2 1 76} —40
-2 11 -5 8 -—13 21 )
-3 |1 -6 16 —45 130 about 5
—2and -1, 3and 4 35d. 0.4 (Use TABLE feature of a graphing
32e. Sample answers: calculator.)
upper bound: 4 (See table in 32d.) 36. Sample answer: f(x) = 22 — 1
f(—x)=x*+3x3—2x2 - 3x— 5
r|l1 3 -2 -3 -5
1 |1 4 2 -1 | -6
211 5 8 13 | 21

lower bound: —2
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37a. f(x)
100,000
80,000
60,000
40,000

20,000 1
1
(0]

f(x) =
—0.125x5 + 3.125x% + 4000

37b. f(0) = —0.125(0)° + 3.125(0)* + 4000
f(0) = 4000 deer
37c. 1920 — 1905 = 15
f(15) = —0.125(15)® + 3.125(15)* + 4000
f(15) = 67,281.25
about 67,281 deer
37d. in 1930
38a. 81.58 = 6x* + 18x% + 24x2 + 18x
38b. 81.58 = 6x* + 18x3 + 24x2 + 18«
0 = 6x* + 18x3 + 24x% + 18x — 81.58
about 1.1 (Use TABLE feature of a graphing

calculator.)

38c. x=rate+1
1.1 = rate + 1
0.1 = rate

about 10%
39. 20r 0; f(—x) = —2x3 — 5x2 + 28x + 15
1 negative zero
ro| 2 -5 -28 15
-3 |2 -1 5 | 0
22— 1lx+5=0
Cx+1Dx—-5=0
x=0.5 x=5
rational zeros: —3, 0.5, 5

40. d(t) = vyt — 5812
~1750 = 4t — 5(9.8)12

4.9t2 — 4t — 1750 = 0
—b*+ Vb2 - 4ac
t= 2a
;= 4+ V(—4)% — 4(4.9)(—1750)
- 2(4.9)
4 +V34,316
9.8
4 + V34,316
9.8

t =
4 — V34,316

t=

t=19.3
about 19.3 s

t=—18.5

41.

Chapter 4

118

45.

79

42, ‘3 6’ =7(6) — 3(9) or 15
-3+8 —-2+4
43. (x,y) = ( 2+ s 2+ )
=(2.5,1)

44, x — 2y —4=0

y=tenko
A
X1y
C B D

y < x cannot be true.
The correct choice is B.

46 | Rational Equations and Partial
Fractions

Page 247

Check for Understanding

1. Multiply by the LCD, 6(b — 2). Then, solve the
resulting equation.

2. If a possible solution causes a denominator to
equal 0, it is not a solution of the equation.

3. Decomposing a fraction means to find two
fractions whose sum or difference equals the
original fraction.

2 2
x—2 2+ x— 2
(x-i— x?2>(x— 2) = (2 + x%Q)(x— 2)
x(x—2)+2=2x—-2)+ 2
¥ —-2x+2=2x—4+2
2 —dx+4=0
x—2)(x—2)=0
x—2=0 x—2=0
x=2 x =2
If you solve the equation, you will get x = 2.
However, if x = 2, the denominators will equal 0.

5

4. x +

5. b—g=
(b-2)b=@p
b2 —5=4b
b2—4b-5=0
b-50b+1)=0
b—5=0 b+1=0
b=5 b=—-1
9 3
6. b+5 b-3

(25)0 + 56 - 3 = (25)6 + 50 - 3
9b —3) =3(b +5)
9b — 27 =3b + 15
6b—42=0
b="17



7 t+4 3 -16
. ¢ t—4 ~ 12— 4t

(S + 2o - 2 = (725 o -

C+4HE—4)+30)=-16
2-16+3t=-16

2+3t=0
tt+3) =0
t=0 t+3=0
t=-3
But¢#0,s0t=—3.
8 3p—-1 3p—1
-1 @e+De-1)
3p—1 A B

p2712p+1+p71
3p—1=A@ -1 +Bp+1)
Letp = 1.
3(1)—1=A1-1)+B(1+1)
2 =2B
1=B
Letp = —1.
3(-1)—-1=A-1-1)+B(-1+1)
—4=-2A
2=A
3p—1 2 1

p2—1:p+1+p—1

9. 5+ = > exclude 0

5x+1=16
bx = 15
x=3

Test x = — 15+ﬁ>ﬁ
4> —16 true
Testx=1:5+%>%
6>16 false
Testx =4:5+ >E
5z>4 true

Solution: x < 0, x > 3

10. 1+a_1_g,exclude 1
6(a—1)+30="Ta—1)
6a—6+30="Ta—17
31=a

5 7
Testa=-1:1+—7_7=%
3_1
5 =% true
7
Testa =2:1+ 5 155
7
6=y false
T 36:1+ 7=+
esta = +3-1=%
17
1+7Sg
48 _ 49
12 =1 rue

Solution: ¢ < 1, ¢ = 31
3 X 60 + 20

Ha. 2502 = 57.14
3 X 60 + 20
11b. —5 - =57.14

3 X 60+ 20 =57.14(3 + x)
200 = 171.42 + 57.14x
0.50 = x; 0.50 h

4)

Pages 247-250 Exercises

12, 241-8=0

(12 t78) )t
12+t2-8t=0

2 -8 +12=0
t-6)@E—-2=0

t—6=0 t—2=0

13.

0= m(m + 34)
m=20 m+ 34 =
m= —34
But m # 0, som = —34.
2 3 _ -y
14. y+2+y )
2 3
(Z+ oo +2 =)0 +2
2y + 3(y +2) = —
By + 6 = —y2
y2+5y+6=0
(y+3y+2)=0
y+3=0 y+2=0
y=-3 y=-2
Buty # —2,s0y = —3.
10 2n-5 _ 2n+5
15. e
10 2n—5 2n+5
(F5+ 22 - Do+ D=2 - D + 1)

10+ 2n — 51+ 1) =@2n+ 5(Hn — 1)
on2—-3n+5=2n2+3n-5

—6n = —10
_5
n=73
1 1 3
16. bi2 Thi2 b1

(L5 +55)6 + 20 + D =(527)06 + 20 + 1)

b+1+b+1=30b+2)
2b+2=3b+6

—4=0b
Ta 5 3a
17. 3a+3 4a—4  2a+2
Ta 5 o 3a

3a+1) 4@-1)  2a+1)
7. 5
(%5 -~ 3557)19@ ~ D@ + 1)
)J12)@ - D@+ 1
4(a — 1)7a — 3(a + 1)5 = 6(a — 1)3a
28a2 — 28a — 15a — 15 = 18a2 — 18a
1062 — 25a — 15 =0
202 —5a—3=0
2a+ 1)a—-3)=0
20+ 1=0 a—3=0

(Z(a +1)

1
a=-; a=3
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18. 1:11a+7a?1 23. x—6 _ x-6
1 a 22 -2x  x(x—2)
11 -a@-1= (75 +755)1 - a@ -1 x-6 _ A, B
9 x2 — 2x x x—2
a—1—-a*+ta=a—-1+a(l—a) x—6=A@x—2) + Bk

-a>+2—-1=-a’?+2a-1 Let x = 2.

0=0 2-6=A@2 -2 + B@)
all reals except 1 —4 =9B

2q 29 -2=B

19'2q;3_2q;3_1 Let x = 0.
(5325 - 5255)@a + 92q — 9 = 12q + 3)2q — 3) 0—6=A(0A— 2) + B(0)
—6=—2
29(2q — 3) — 292 + 3) = (2¢ + 3)(2q — 3) 53— 4
4q2—6q—4q2—6q=4q§—9 c6 _b, -2
0=4q¢2+12¢ — 9 :or % T 2-32
—12 + /144 — 4(@)(—9) a q d-2e x o x-2

q= 24 94, Bm-—4 _ _ sm-4
—12 + V288 Com2-4 (m+2m-2)

= 8 5m—4 _ A B
-12 + 122 m2—4 m+2 m-2

= 8 5m — 4 =A(m — 2) + B(m + 2)

B -3+ 3V2 Let m = 2.

-2 5(2) —4=A@2—2) + B2+ 2

1 6m—9 _ 3m—3 6 =4B
20. E—i_ 3m  4m 1.5=18

(L o+ Em=9)19m) = (323 )(12m) Let m = —2.

" o —9) — 4= A(-2—2) + B(-2 + 2
4+ 4(6m — 9) = 3(3m — 3) 5(-2) 4= ( ) + B( )
4+ 24m —36=9m — 9 Tl4=dA

15m = 23 35=A
93 5m—4 _ 35 , 15
m:E m?— 4 m+ 2 m— 2
_ —4y — —4y
21'x741:21x+xi1 25. 3y? — 4y + 1 @By -y -1
_ —4y __A + B
()e-ve-oa+n= (1 + ) eI T T T o
(x— 1@ — ) + 1) Lety:‘lly:A(y—l)JrB(Sy—l)
—42 - +1)=Tx - D+ 1 -
@-HE+1)=7c" D+ 1 —4(1) = A( — 1) + BG() — 1)
+3(x — 1)(2 — %) 9B
—4(—x2+x+2) =Tx2 - 1) 72:3
+3(—x%+3x— 2) -,
4x% — 4x — 8 = 4x® + 9x — 13 Lety = <.
5=13x _a(1) = 4L = 1) _
o 4(3) =a(y - 1)+ B(s(3) - 1)
1o _A_ 2y
3 3
22a. (n + 1)(n — 2) 22b. —1,2 9-A
. +n+6: 4 —4y _ 2 -2
22c 1 n+1 n—2 3y2 — 4y + 1 3y71+y*1
(1+ 28+ -2 = (A )n+ De -2 | ¢ s se_ 9o
(n+1Dn—2)+ 0 —2)n+6=4n+1) g wEAEm
n2—n-—2+n2+4n—12=4n+4 2.0 @+3 T @-3
2n2—n—18=0 Let x = 3.
h = LEV1-4@)(-18) 9-9B3)=AB—-3)+ BB +3)
2 ~18 = 6B
_ 1=xV145 _
= -3=8B

Let x = —3.

9—9(—-3) =A(-3 - 3) + B(—3 + 3)
36 = —6A
-6=A

9-9x _ -6 -3

x2-9 x+3 x—3

—6 -3

x+3 x—3

27a. a(a — 6)
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a—2 _ a—4

27b. —2_a-d
(“=2)@@ - 6 = (““* )@ - 6)
(@ = 2)(a—6)=(a—4)a)
a2 —8a+12=a? - 4a
12 = 4a
3=a
27c. 0,6
27d. Testa = —1: _17;2 < j:é
3<% false
Testa=l:—112<%:g
—1<% true
Testa:4:—4;2<—i:z
%<O false
Testa:7:—7;2<—Z:‘é
%<3 true

28.

29.

Solution: 0 < a < 3,6 <a

213> &; exclude: 0
w w

2+ 3w =29
w=9
Testw=71:%+3>f—?
1> —-29 true
Testw:1:%+3>%
5> 29 false
Testw=10:$+3{;,>z—g
E>% true

Solution: w < 0, w > 9

w = 0; exclude 5, 6
(x = 5)(x — 6)

(x—3)x—4)=0

x—3=0 x—4=0
x=3 x=4
Test x = 0: {0L=30=4 _
" (0-5)(0-6)2
12
TSO =0 true
_ag (85-3)B5-4
Test x = 3.5: G5 —D)G5—6F = 0
-0.25
W =0 false
_ . (45— 3)45 —4)
Test x = 4.5.4(45 s — 6 = 0
0.75
% = 0 true

Test x = 5.5:% =0
2T <0 false
Test x = 6'5:(% =0
% =0 false

Solution: x =3,4=x<5

121

30.

31.

x* - 16 =0

x21*4x75
2-16 _ A, -
m_o, exclude 5, —1
x2—16:O
X2 =16
x = *4
_ 5 (=B?*—16
Testx = =5 5 —5 5+ =0
9
EEO true
- _9. (2°-16
Test x = —2: = -s2+n =0
*71220 false
Testx=0320771620
0% — 4(0) - 5
*__15620 true
4R . 45%-16
Test x = 4.5: 45— 545+ 1) =0
4.25
%20 false
2 _
Testx=612671620
6% —24 -5
20

Ea =0 true

Solution: x = —4, —1<x=4,x>5

1 5 1
10 T 8¢ > o exclude: 0

1.5 _ 1

4a 8a ~ 2

2+ 5 =4a
7_
4—a

1 5
Testa = —1: 325y + goq) >

—a > false
1 5
Testa = 1: ) + 3
7
8

1
Test a = 2: 1©) + )

S

vV vV VvV

e P Nl R Sl L i
& g

7% =

o) @

Solution: 0 < a < %
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32.

33.

34.

1 1
w1t

1
B+l T b1 15

15(b + 1) + 15(2b + 1) = 8(2b + 1)(b + 1)
45b + 30 = 16b2 + 24b + 8

0=16b2 — 21b — 22

0= (16b + 11)(b — 2)

8 1
531> 1 exclude: —5, —1
1

8

160+ 11 =0 b—-2=0
b= b=2
1 1 8
Testb=—2:m+m>ﬁ
4_ 8
—5 >7; false
Test b = —0.8: 5o+ - 2
estb=—08 5 5551t Comr1~ 15
10 8
3 > 15 true
T - . 1 1 8
estb=—0.6: 5561+ Cop 1o 15
—%>1—85 false
1 8
TeStb_02(0)+1+o+1>E
2>i true
1 1
Testb=3:2(3)7+1+3+1>*

11 8
28 > 15 false

1
Solution: —1 < b < — 16’ —5<b<2

7

Tr1 7; exclude —1
7T="T0y+ 1)
1=y+1
0=y
Testy=—2:ﬁ>7
—7>17 false
Test y = O5m>7
14 > 7 true
Testy =
%>7 false

Solution: —1 <y <0
Let x = the number.
a(1) +x =102
20 + 5x% = 52x
5x% — 52x + 20 =0
Bx—2)(x—10)=0
bx —2=0 x—10=0
xX=7 x =10

Chapter 4

x+2

35. . —5>0.30
x+2
—5 = 0.30; exclude 5

x+ 2 =0.30(x — 5)
x+2=0.30x—1.5

0.7x = —3.5
x= -5

Test x =

0.36 > 0.30 true
Test x = 0: —= > 0.30

—O 4 > 0.30 false

Test x = 6: = > 0.30

8 > 0.30 true

Solution: x < —5orx > 5

1 1 1
36a.§:?+3—

36b. += di +35
(§)@2d) = (5 + 57)32d)
4d, = 32 + d;
3d, = 32
d; = 10— cm

1
x+2

X
37. Sample answer: T~ 5 =

38. Let x = capamty of larger truck.
5

2 x73
5(x — 3) = 2x
5x — 15 = 2x
3x =15
x = 5 tons
1 1 1 1
39a o= >t

2r = 10 + 20 +r
r=30
2r = 2(30) or 60; 60 ohms, 30 ohms
40. Let x = the number of quiz questions to be

answered.
11+ x
20+ = 0.70

11 + x = 0.70(20 + x)
11 +x =14 + 0.70x
0.3x =3
x = 10 questions
41. Let x = the speed of the wind.
1062 738
200 +x 200 — x
1062(200 — x) = 738(200 + x)
212,400 — 1062x = 147,600 + 738x
64,800 = 1800x
36 = x; 36 mph




42. 24+ 4=1
L+ D@ = (Hawvo
bc + ac = ab
bc=ab — ac
bec=ab —c)
be
=a

C
1 1/1 1
43a. 1= (1 + 1)
1_1
x 2

=35+ )
43b. i=3(w %)
1_1
x 60 90
(£)(360) = (55 + 35)(360%)
360 = 6x + 4x
360 = 10x
36 = x

44. Let x = number of gallons of gasoline.
20m 15,000 m
g = xg
20x = 15,000
x = 750 gallons
750 X $1.20 = $900
x - $1.20 = $900 — $200

x = 583% gallons

Let y = number of miles per gallon.
15,000 m

ym
¢ 583ig
1
583§y = 15,000
y = 25.7; about 25.7 mpg

45. =42
2 26 26
105 =

+
s+5 s—5
2 26 26
(102)3)(s + 5)(s — 5) = (25 + 725 )(3)(s + 5)(s — 5)
32(s + B)(s — 5) = 26(3)(s — 5) + 26(3)(s + 5)
3252 — 800 = 785 — 390 + 785 + 390

3252 — 1565 — 800 = 0
8s%2 — 39s — 200 = 0
(8s +25)(s —8) =0

8 +25=0 s—8=0
s:—% s=28
8 mph
=11-1
=10
47. r 1 2 -3 -5 |
-3 1 -1 0 -5 |-
-2 1 0 -3 1 |]
-1 1 1 —4 -1 |-
0 1 2 -3 -5
1 1 3 0 -5 |7
2 1 4 5 5 |4

—3and —2, —2and —1, 1 and 2

48. =500 1 0 -30 0
-5 25 25
1 -5 -5 [25

no
49. 2; 1222+ 8x —15=10
6x—5)2x +3)=0
6x—5=0 2¢+3=0
x=% X = —
50. O3x0— 12 =0
03x0 = 12
3x =12 —3x = 12
x=4 x=—

0o |

2x + 3
5l.y=""""

2 2(6) + 3
3="¢

no
52. y2 = 121x% - b2 = 1212
52a. (—b)2 = 121a?
b% = 121a? yes
52c. (a)? = 121(b)? 52d. (—a)? = 121(-b)2
a?=1216% no a2 =1216% no

53a. Let x = short answer questions and y =

essay questions.

x+y=20

2% + 12y = 60

x=0

y=0

52b. b2 = 121(—a)?
b2 =121a? yes

S(x, y) = bx + 15y

S(0, 0) = 5(0) + 15(0) or O

S(0, 5) = 5(0) + 15(5) or 75

S(18, 2) = 5(18) + 15(2) or 120

S(20, 0) = 5(20) + 15(0) or 100

18 short answer and 2 essay for a score of
120 points
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53b. Let x = short answer questions and y =

54.

essay questions.
x+y=20

2x + 12y = 120
x=0

y=0

2x + 12y =120

S(x, y) = bx + 15y

5(0, 0) = 5(0) + 15(0) or 0

S(0, 10) = 5(0) + 15(10) or 150

S(12, 8) = 5(12) + 15(8) or 180

S(20, 0) = 5(20) + 15(0) or 100

12 short answer and 8 essay for a score of 180
points

IR

1(3) + 1(—3) 1) +1(=5)| =
1(3) + 1(—3) 1(5) + 1(—=5)
0 0]_,
0 0
55. y =y, =mx— x;)
y=1=2x—(=3))
y—1=2x+6
20—y +7=0
56a. m = oo 56b. $2000; $50
m = 50
y — 3000 = 50(x — 20)
y = 50x + 2000
C(x) = 50x + 2000
56¢. c(x)
$4000 1
$3000 00
Cost 1 o =50 20
$2000 -
$1000 1

57.

0 L e BN s
0 2 4 6 8 X
Televisions Produced
Aof AJKL = 5(9)(7) or 31.5
A of small triangle = 5(5)(3) or 7.5

A of shaded region = 31.5 — 7.5 or 24
The answer is 24.
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47 | Radical Equations and

Inequalities

Pages 254-255

1. To solve the equation, you need to get rid of the

Check for Understanding

radical by squaring both sides of the equation. If
the radical is not isolated first, a radical will
remain in the equation.

. The process of raising to a power sometimes

creates a new equation with more solutions than
the original equation. These extra or extraneous
solutions do not solve the original equation.

. When solving an equation with one radical, you

isolate the radical on one side and then square
each side. When there is more than one radical
expression in an equation, you isolate one of the
radicals and then square each side. Then you
isolate the other radical and square each side. In
both cases, once you have eliminated all radical
signs, you solve for the variable.

V1 —4t=2 Check: V1—4t=2
1—4t=4 3\ .
a3 1747ﬂi2
fo 3 V1i+322
4 2=2/
Vx+4+12=3 Check: Vx + 4 + 12 =3
Vx+4=-9 \V/—733+4+1223
x+4=-729 \V/-729+ 1223
x=—733 -9+1223
3=3/
5+ Vx—4=2 Check: H5+Vx—4=2
Vx—4=-3 5+V13—422
x—4=9 5+V9 22
x=13 5+3#2

no real solution

.V6x —4=V2 + 10

6x — 4 =2x+ 10

4x = 14
x=3.5
Check: Véx — 4=V + 10

J6(Z) - 4= 2(2) + 10
V2l —4=V7+ 10
V17 =V17/

.Va+4+Va—-3=7

Va—4=7—Va—3
a—4=49—-14Va—-3+a—-3
—42 = —14Va - 3
1764 = 196(a — 3)

9=a—-3
12 =a
Va+4+Va—-—3=7
V12 +4+V12-327
V1e+V9 27
4+3=17/

Check:




9. Vbhx +4=8 5x+4=0
5x + 4 =64 hx = —4
5x = 60 x = —0.8
x=12

Testx = —1: V5(—-1) +4=38
—1 =8 meaningless
Test x = 0: V5(0) +4 =38
V4<=8 true
Test x = 13: V5(13) + 4 = 8
V69 =8 false
Solution: —0.8 = x = 12

10. 3+ V4a —-5=10 4a-5=0
Vda —5=17 4da=5
4a — 5 =49 a=1.25
4a =< 54
a=135

Testa=0:3+V4(0) - 5=10
3+ V—-5=10 meaningless
Testa =2:3 + V4(2) — 5=10
4+V3=10 true
Test a = 14: 3 + V4(14) — 5= 10
3+ V51 =10 false
Solution: 1.25 = a = 13.5
1la. v=Vuy?+ 64h
90 = V102 + 64h
='V100 + 64h
11b. 90 = V100 + 64h Check: 90 = V100 + 64h
8100 = 100 + 64h

8000 = 64h 0 2 V8100
1125 = h; 125 ft 90 =90/
Pages 255-257 Exercises
12. Vx+8=5 Check: Vx +8=5
Vx+8=25 V1T+825
x=17 V25 25
5=5/
13.Vy —7=4 Check: Vy — 7 =4
y—17=64 v371,—7;4
y="11 V64 2 4
4=4/
14. V8n —5—-1=2 Check: V8n —5—-1=2
\Ven—5-=3 I8(F)-5-122
8n—5=9 Vid-5-122
8n = 14 3-122
n=% =2

15. Vx+ 16 = Vx + 4
x+16=x+8Vx+ 16

0=8Vx
0=Vx
0=x
Check: Vx + 16 = Vx + 4
VO + 16 2V0 + 4
V16 2 4
4=4/

90 2 V100 + 64(125)

v

125

16. 4V3m2 —15=4
V3mZ-15=1
3m2—-15=1
3m? =16

16
9 _ 16
m® =3

m=i%\/§
4V3m? — 15 = 4
afs(3v3) 1524
4V1 24
4=4/
4V3m? — 15 =4
afs(-2v3) 1524
4V124
4=4y

Check:

Check:

17. V9u — 4 = V7u — 20

9u — 4 ="Tu — 20

2u = —16
u=-8
Vu — 4 =VTu — 20

VI(—8) — 4 2 V7(-8) — 20

V-76 =V-176
no real solution

18. Véu—-5+2=-3

Check:

Véu—-5=-5

6u —5=-125

6u = —120

u=—20
Check: Véu —5+2=-3
V6(-20) —5+22 -3
V=125 +2 2 —3
-5+22 -3
-3=-3/

19. VAm2 - 3m +2—-2m —5=0
Vam2 -3m +2=2m + 5
4m2 — 3m + 2 = 4m?2 + 20m + 25
—23 = 23m
—1=m

Check: Vam?2 —3m+2-2m —5=0
V412 -3(-1)+2-2(-1)-520
V9+2-520
3-3=0
0=0/
20.VE+9-VE=V3
VE+9=V3+VEk
E+9=3+2V3k+EFE
6 =2V3k
36 = 4(3k)
36 = 12k
3=1Fk
Check: VE+9 - VE=V3
V3+9-V32V3
V12 -V32V3
2V3 -V32V3
V3=Vv3/
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21. Va+21—-1=Va+ 12
a+21—-2Va+21+1=a+ 12
—2Va+ 21 =-10
4(a + 21) = 100
a+ 21 =25
a=4

Check: Va + 21 —1=Va+ 12
V4+21—-12V4+12

V25 -12V16
5-124
4=4/

V3x+4—-Voax—T7=3
V3x+4=3+V2x—17

22.

3x+4=9+6V2x—T7T+2x—7

x+2=6V2x—17

X2+ 4x + 4 =36(2x — 7)
x2 — 68x + 256 = 0
x—4@x—-64) =0

x—4=0 x—64=0
x=4 x = 64
Check: Vix+4—-Voax—7=3
V34) +4-V24)—T723
V1e-V1z3
4-123
3=3/
Check: V3x+4—-—Vo2ax—-—7=3
V3(64) +4—V2(64) — 723
V196 — V121 2 3
14-1123
3=3/
23.2V7b—1-4=0
oVTh—1=4
8(7b — 1) = 64
7b-1=8
7 =9
_9
7
Check: 2V7b—1-4=0
2d7(2)-1-420
2V8 -4 20
4-420
0=0/
24.V3t—2=0 Check: V3t—-2=0
V3t =2 J3(3)-2z20
3t =16 V16 -220
1= 2-220
0=0/
25. Vax+2—-T7T=Vx+9
x+2—-14Vx+2+49=x+9
—14Vx + 2 = —49
196(x + 2) = 1764
x+2=9
x="17

Check: Vx+2-7=Vx+9
VT+2-T7T2VT7T+9
3—-724
-4 +4
no real solution

Chapter 4
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26. V2x +1+V2x+6=5
V2x +1=5—-V2x+ 6
20+ 1=25—-10V2x + 6 + 2x + 6

-30=—-10V2x + 6
3=V2% + 6
9=292x+6
3 =2x
3
i

Check: Voax+1+V2x+6=5
/2(3)+—1+—/2(§)+—6;=5
Vi+V92rs
2+325

5=5/

217. V3x+10=Vx+11 -1
3x+10=x+11-2Vx + 11 + 1
2¢— 2= —-2Vx + 11
—-x+1=Vx+11

2—-2c+1=x+11
x2—-3x—-10=0
x—=5)x+2) =0
x—5=0 x+2=0
x=5 x= -2
Check: V3x+10=Vx+11 -1
V3G)+102V5+11-1
V25 2V16 -1
5241
5#3
V3x+10=Vx+11 -1
V3(-2)+102V-2+11-1
V4z2vV9-1
2=3-1
2=2/

Check:

Solution: x = —2
28a. V3t—14+t=6
V3t—14=6—t
3t — 14 = 36 — 12t + ¢2
0=1t2—- 15t + 50
0=(—5)(t—10)

t—5=0 t—10=0
t=5 t=10
Check: V3t—14+t=6
V35B)—14+526
V1i+526
1+526
6="6/
Check: V3t—14+t=6
V3(10) — 14+ 10 2 6
V16 + 10 2 6
4+ 1026
14 # 6
10
28b. 5



29.

30.

31.

32.

33.

V2x—T7=5 Testx =0: V2(0) —7=5
2 — 7=25 V-7=5
2x = 32 meaningless
x=16 Testx = 4: V2(4) —7=5
20— 7=0 V8 —-T=5
2 =17 1=5
le false
2 Testx = 17: V2(17) - 7=5
V27=5
true

Solution: x = 16

Vb+4=6 Testb=—-5: V-5+4=6
b+4=<236 V-1=<6
b=32 meaningless
b+4=0 Testb=0: VO+4=6
b=—4 Vi<6
2=6
true
Test b =33: V33 +4=6
V37=<6
false

Solution: —4 = b = 32

Va—-5=4 Testa=0: VO—-5=4
a-5=16 V-5=4
a=21 meaningless
a—5=0 Testa=6: V6 —-5=4
a=5 V1i=4
1=4
true
Testa =22: V22 - 5=4
V17T<4
false

Solution: 5 = a = 21

V2x —5=6 Testx =0: V2(0) —5=6
2x — 5= 36 V-5=6
2x = 41 meaningless
x = 20.5 Testx =5: V2(5) —5=6
2x—5=0 V=6
2x =5 true
x=25 Test x = 22: V2(22) —5=6
V39 =6
false

Solution: 2.5 = x = 20.5

VEy—9=2 Testy = 0: V5(0) — 9 =<2
5y — 9 =16 V-9=2
5y =25 meaningless
y=5 Test y = 2: V5(0) — 9 =2
5y —9=0 Vi=2
5y =9 true
y=1.8 Testy = 6: V5(6) — 9 =<2
V21 =2
false

Solution: 1.8 =y =5

34. Vm +2=V3m + 4
m+2=<3m+4
—2m =2

m=-—1
m+2=0

-3:V-3+2=V3(-3) + 4
V=1=V-5 meaningless
Testm = —1.6: V—1.6 + 2= V3(—1.6) + 4
V0.4 =V-038
meaningless
Testm = —1.2: V-1.2+2=V3(-1.2) + 4
V0.8 =V0.4 false

Test m = 0: VO + 2=V3(0) + 4

>
w
3
I

V2=V4 true
Solution: m = —1
35. V2c —5>17 Testc=0: V2(00) —5=7
2c — 5> 49 V-5=1
2¢c > 54 meaningless
c>27 Testc =5 V2(5) —5=7
2% —5=0 Vb=17
2c=5 false
c=25 Test ¢ = 28: V2(28) —5=7
V51=17
true
Solution: ¢ > 27
36a. t=\/% 36b. 3=","
14.4 9g =144
3 = —_
g g = 1.6 m/s2
37. Vx—5=Vx—3

c—5=Va_3P
x-5=VaZ-6x+9
(x—5)3=x2—6x+9
¥ — 1522 4+ T5x — 125 =x2 — 6x + 9
x3 — 1622 + 81x — 134 =0
Use a graphing calculator to find the zero.

2k
W=7.BPEL1Z98 Y=q

[—2,10] sc1:1 by [-10, 10] sc1:1

about 7.88
38a. s = V30fd
s = V/30(0.6)(25)
s = V450
s =~ 21.2 mph
38b. s = V30fd
35 = V30(0.6)d
1225 = 18d

68.06 = d; about 68 ft
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38c¢. No; it is not a linear function.

39a. T = Zﬂ\/g 39b. ¢ = Zw\g
T= 217% T=2 ﬂ\/g
T=201s T=211s

39c. Let x = the new length of the pendulum.

225 [(67,200,000)\3
687 — r

50,625  3.03 X 1023
471,969 3
50,625r,% = 1.43 X 102°

ryd = 2.83 x 10%*

r = 141,433,433.8; about 141,433,434 mi
V2x—9—a=b
V2x —9=a+b
2c+9=0,s0a+b=0
no real solution whena + b <0
t+c

=t (5

108 = t+(;200)

F (G20 5
108 — (520) = (220 4 2500
2 — 400t4+ 40,000 + 9500

2
12 — 832¢ + 173,056 12 + 400t + 50,000
4 4

t2 — 832t + 173,056 = t2 + 400¢ + 50,000
123,056 = 1232¢

99.88 = ¢; about 99.88 psi

a+ 2 _

a
2a + 1 3
a 3

(252 )@+ 1 = (4 + 55257 )©)@a + 1)
6(a + 2) = a(@)(2a + 1) + 3(3)
6a+12=4a2+2a + 9
0=4a%>—4a - 3
0=(2a — 3)(2a + 1)
2a+1=0

__1
a= -

41.

42.

—t+416

3 1
10 + o exclude: —5

43. +

o | o

Chapter 4
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44. %z +6, +3, +2, +1
r|l 1 5 5 -5 —6
1|1 6 11 6| o
¥+ 6x2+ 1lx+6=0
r 1 6 11 6
-1 |1 5 6 | 0
¥2+bx+6=0
x+3)x+2)=0
x+3=0 x+2=0
x= -3 x=—2
-3,-2,-1,1

45a. point discontinuity
45b. jump discontinuity
45¢. infinite discontinuity

v

46a. p =
1056
T ow
46b. x- and y-axes 46¢. It increases.

46d. It is halved.

47. |4
4 0 27 4(0) +

0 3
-1 6 _[40) + (1)@ + 6(5)
w22 _[ 02) + 2(5)

43)(—1)(-2) + 6(1)}
4(3) + 0(—2) + 2(1)

_ |28 20
[10 14]
48. —4(a + b + ¢) = —4(6) —4a — 4b — 4c = —24
2a —3b+ 4c =3 2a —3b+4c=3
—2a — Tb =-21
—4(a + b + ¢) = —4(6) —4a — 4b — 4¢c = —24
4a — 8b + 4¢c =12 4a — 8b + 4¢c =12
—-12b6 =-12
b=1
—2a — 7b = -21 at+tb+c=6
—2a - 7(1) = —21 T+1+c=6
a=17 c=—2
(7,1, -2)
49. y = —3.54x + 7125.4
y = —3.54(2010) + 7125.4
y = 10 students
50. 7y +4x—3=0

4 3

y =X + 7
. 7
perpendicular slope:

7
y—5=4k&~-2

7 3
y=yxty
51. A = wr? A = mr?
_ (1) — 2
=a{3 = x(1)
Ziw =1m

1 5
4’1T+1’1T74TF

The correct choice is C.



Modeling Real-World Data with 12. f(x) = —1.25x + 5
Polynomial Functions 13. fx) = 8x> — 3x — 9

14. Sample answer:
f(x) = 1.03x* — 5.16x3 + 6.08x% + 0.23x + 0.94

15. Sample answer:
f(x) = 0.09x3 — 2.70x% + 24.63x — 65.21
16. Sample answer:
f(x) = 4.05x* — 0.09x% + 6.69x% — 222.03x +
2697.74

17. Sample answer:
fix) = —0.02x3 + 8.79x2 + 3.35x + 27.43

18a. Sample answer: f(x) = 1.99x% — 1.74x + 2.76

18b. Sample answer:
f(x) = —0.96x% + 0.56x2 + 0.36x + 4.05

18c. Sample answer: Cubic; the value of 2 for the
cubic function is closer to 1.
19a. Sample answer: f(x) = 0.126x + 22.732
X 19b. Sample answer:
2010 — 1900 = 110
f(x) = 0.126x + 22.732
f(110) = 0.126(110) + 22.732
f(110) = 36.592
37
19¢. Sample answer:
2025 — 1900 = 125
f(x) = 0.126x + 22.732
£(125) = 0.126(125) + 22.732
f(125) = 38.482
38

20. Sample answer:

4-8

Pages 261-262 Check for Understanding

la. Sample answer: - y

1b. Sample answer:

le. Sample answer: y

2. You need to recognize the general shape so that
you can tell the graphing calculator which type of X 1123141516718 9
polynomial function to use as a model. f(x) 1] 3| 6| 3 [-13]-49|-112]-209| —347

3. Sample answer: If companies use less packaging
materials, consumers keep items longer, and old
buildings are restored instead of demolished, the
amount of waste will decrease more rapidly. If
consumers buy more products, companies package
items in larger containers, and many old buildings
are destroyed, the amount of waste will increase
instead of decrease.

21a. Sample answer:
f(x) = 0.008x% — 0.138x3 + 0.621x2 + 0.097x
+ 18.961
21b. Sample answer: 1994 — 1992 = 2
f(x) = 0.008x* — 0.138x3 + 0.621x2 + 0.097x
+ 18.961
£(2) = 0.008(2)* — 0.138(2)3 + 0.621(2)% +
0.097(2) + 18.961

f(2) = 20.663
5. Sample answer: about 21%

flx) = 1.98x% + 2.95x3 — 5.91x% + 0.22x + 4.89
6. Sample answer: f(x) = 3.007x2 + 0.001x — 7.896
7a. Sample answer: f(x) = 0.48x + 58.0 23a. Sample answer:

7b. Sample answer: 2010 — 1950 = 60 f(x) = 0.109x2 — 0.001x + 48.696
f(x) = 0.48x + 58.0
= 0.48(60) + 58.0
= 86.8%
7c. Sample answer: f(x) = 0.48x + 58.0
89 = 0.48x + 58.0
64 = x
1950 + 64 = 2014

4. quartic

22. A sixth-degree polynomial; there are 5 changes in
direction.

Pages 262-264 Exercises

8. cubic 9. quadratic

10. linear 11. quadratic
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23b. Sample answer:
fx) = 0.109x% — 0.001x + 48.696
100 = 0.109x2 — 0.001x + 48.696
0 = 0.109x2 — 0.001x — 51.304

2ard’
n=el. 598723 ¥=0
[=5, 25] sc1:1 by [—50, 10] sc1:5

root: (21.7, 0)
1985 + 22 = 2007

%

23c. Sample answer: 1998 — 1985 = 13
f(x) = 0.109x% — 0.001x + 48.696
f(13) = 0.109(13)% — 0.001(13) + 48.696
f(13) = 67.104
No; according to the model, there should have
been an attendance of only about 67 million.
Since the actual attendance was much higher
than the projected number, it is likely that the
race to break the homerun record increased the
attendance.
24a. Sample answer:
fix) = —0.033x3 + 1.471x2 — 1.368x + 5.563
24b. Sample answer: 1996 — 1990 = 6
f(x) = —0.033x3 + 1.471x% — 1.368x + 5.563
£(6) = —0.033(6)3 + 1.471(6)2 — 1.368(6) + 5.563
(6) = 43.183
about 43.18 million
24c. Sample answer:
f(x) = —0.033x3 + 1.471x% — 1.368x + 5.563
200 = —0.033x3 + 1.471x2 — 1.368x + 5.563
0= —0.033x3 + 1.471x2 — 1.368x — 194.437
/ {/
] e
Saba
W1y FFZZRE V=i
[=5, 25] sc1:5 by [—300, 50] sc1:50
root: (14.8, 0)
14 + 1990 = 2004
about 2004
25.5-Vb+2=0 Check: 5—-Vb+2=0
=Vb+ 2 -V23+220
25 =05+ 2 5-V2520
23=10> 5—-520
0=0/
6
26. pTS 63 =1
G5 +-55)e+30 -9 =10+ 90 - 3)

6(p —3) +pp+3)=(@+3)p-3)
6p— 18 +p2+3p=p2—9

9 =9

p=1

Chapter 4
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27.

r 2 -1 0 1 -2

-1 2 -3 3 -2 0

0 2 -1 0 1 -2

1 2 1 1 2 0
-1,1

28a. Let x = number of weeks.
P = (120 + 10x)(0.48 — 0.03x)
P =576+ 1.2x — 0.3x2

Hl:I:lll
H= El:ll:ll:ll:":liﬂ '|' |

[—20, 20] sc1:2 by [—40, 60] scl1:5
maximum: (2, 58.8)
2 weeks
28b. $58.80 per tree
29. x — 0.10x = 0.90x
0.90x + 0.10(0.90x) = 0.90x + 0.09x
= 0.99x
The correct choice is B.

Fitting a Polynomial Function to a

4-88 Set of Points

Page 266
1.y ="7x3—4x2— 17x + 15
2.y = Tx% — 4x2 — 17x + 15; yes
3. Sample answer: y = —5x8 — 2x% + 40x* — 2x3 +

x2+ 8 — 4

Infinitely many; suppose that you are given a set

of n points in a coordinate plane, no two of which

are on the same vertical line. You can pick an

infinite number of other points with different x-

coordinates. You could find polynomial functions

that went through the original n points and any
number of the other points.

. There is no problem with using L1°0 with list L,
for the example. However, if you are using a
different list which happens to have 0 as one of its
elements, using L17\0 will result in an error
message, since 00 is undefined.

4.

Chapter 4 Study Guide and Assessment

Page 267 Understanding and Using the
Vocabulary
1. Quadratic Formula 2. Integral Root Theorem
3. zero 4. Factor Theorem

5. polynomial function 6. lower bound



7.
9.

Pages 268-270
11.

12.

13.

14.

15.

16.

17.

18.

19.

Extraneous 8. complex roots

complex numbers 10. quadratic equation

Skills and Concepts
no; fla) = a® — 3a%2 — 3a — 4
f(0) = (0)3 — 3(0)* — 3(0) — 4
f0) = —4
yes; fla) = a® — 3a%2 — 3a — 4
f(4) = (4® — 3(4)* — 3(4) — 4
f4) =0
no; f(@) = a® — 3a% — 3a — 4
f(=2) = (-2)3 = 3(-2)? = 3(-2) — 4
f(—=2) = —18
fy=t*—212 -3t + 1
f(=3) = (=3)* = 2(=3)? = 3(=3) + 1
f(—=3) =173
no
a3 +2x2-3x=0
(% + 2x — 3) =0
x(x+3)(x—-1)=0
x=0 x+3=0
x=-3

x—1=0
x=1

fx)

)\ x3 |+ 2x2 — 3x

:l::oixl:::x

b2 — dac = (—7)2 — 4(2)(—4)
= 81; 2 real
IR
X=""29
ES:
X="y
_1+9 79
X="y Xr="
1
x=4 x=—7
b2 — dac = (—10)% — 4(3)(5)
= 40; 2 real
_10+V40
m = ""9@s
10 = 2V10
m= 6
5+ V10
U 3
b? — 4ac = (—1)? — 4(1)(6)
= —23; 2 imaginary
1+V-23
TS
1+iV23
x="9
b2 — dac = 32 — 4(—2)(8)
= 73; 2 real
_ —3=V73
Y= 2(2)
3 +V73
Yy = 4
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20.

21.

22.

23.

24.

25.

26.

27.

28.

b2 — dac = 42 — 4(1)(4)

= 0; 1 real
-4+V0
a= e
4
)
a=—2

b2 — dac = (—1)%2 — 4(5)(10)
= —199; 2 imaginary

1+V-199
r= )

1+ iV199
r= 10

fix) =x3 — x2 — 10x — 8
f(=2) = (=2)3 = (-2)? = 10(-2) - 8
=—-8—4+ 20— 8or0;yes
fx) = 243 — Bx? + Tx + 1
f(5) = 2(5)3 — 5(5)2 + 7(5) + 1
=250 — 125 + 35 + 1 or 161; no
fx) = 4x3 — Tx + 1
1 1\3 1
f(-3)=a(-3) -1(=3) +1
= —%+%+ 1 or 4; no
fx) =x*— 1042+ 9

f3) = (3)* — 10(3)% + 9
=81 —90 + 9or0; yes

%z *1, £2
1 -2 -1 2
1 1 —1 —2 0
¥2—-—x—2=0
x—2x+1)=0
x—2=0 x+1=0
x=2 x=—
rational roots: —1, 1, 2
£. +1
qr r 1 0 -1 1 -1
-1 1 -1 0 -2
1 1 1 0 0
rational root: 1
D il, i2, +4 r 2 —92 —92 —4
q: *1, *2 12 o -2/|-6
%; *1, £2, £4; i% 21 2 2 2 0

222+ 2x+2=0
¥+x+1=0
does not factor

rational root: 2
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29. p: £1, =3
q: =1, *2
Six1, x3, + +o
r 2 3 -6 —11 -3
1 2 5 -1 —-12 —-15
-1 2 1 =7 —4 1
3 2 9 21 52 153
-3 |2 -3 3 —20 57
1 19
5 2 4 —4 -13 —
1 15 3
2 | 2 2 7T Ty T
3 31 105
2 | 2 6 =3 5| 7%
=<1l2 o -6 -2 0
rational root: —%
30. 02 +1, 42, +4
r 1 0 -7 1 12 —4
1 1 1 -6 -5 7 3
1 2 -3 -5 2 0
xt+2x% —3x2 —5x+2=0
r 1 2 -3 -5 2
—2 1 0 —3 1 0
¥ —38x+1=0
r 1 0 -3 1
-2 1 -2 1 -1
-1 1 -1 -2 3
4 1 4 13 53
—4 1 —4 13 —51
rational roots: —2, 2
31. p: £1, =2, =4 £8
q: *1, =3
P 1.2 4 8
L +1, £2, £4, £8, e e
3 7 -2 -8
1 3 10 8 0
3x2+ 10x + 8=10
Bx+4Hx+2=0
Sx +4=0 x+2=0
4
x=—73 x=—2
rational roots: —2, —%, 1
32. p: £1, =2
q: *1,+2, *4
orEl 2, s
r 4 1 8 2
1
- 4 0 8 0
4x2+8=0
¥?2+2=0

does not factor
. 1
rational root: —

Chapter 4
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34.

35.

36.

rational zeros: —3, —2, 2, 3

p,
s B
4 0 -5
1 1 1 5 5 | o0
¥ +x2+5x+5=0
1 1 5 5
-1 1 5 | o
x2+5=0
does not factor
rational roots: —1, 1
1 positive
f(=x) = —x3 — x? + 34x — 56
2 or 0 negative
r 1 -1 —34 —56
8 0
x2+6x+8=0
x+4)x+2)=0
x+4=0 x+2=0
x=—4 x= -2
rational zeros: —4, —2, 7
2 or 0 positive
f(—x) = —2x3 — 11x2 — 12x + 9
1 negative
r 2 —11 12 9
—~ |2 -1z 18 | o
2x2 — 12x + 18 =0
¥ —-6x+9=0
x—3)x—-3)=0
x—3=0 x—3=0
x =3 x=3
rational zeros: —%, 3
2 or 0 positive
f(—x) = x* — 13x2 + 36
2 or 0 negative
r 1 0 -13 0 36
1 2 -9 —18 0
x+ 222 - 9x—18=0
r 1 2 -9 —18
1 5 6 0
x2+b5x+6=0
x+3)x+2)=0
x+3=0 x+2=0
x= -3 x= -2




37. r 3 0 0 1
-2 3 -6 12 —23
-1 3 -3 3 -2 ]
0 3 0 0 1
—landO
38. r 1 —4 2
0 1 —4 2 ]
1 1 -3 -1
2 1 -2 -2
3 1 -1 -1 ]
4 1 0 2
Oand 1, 3 and 4
39. r | 1 -3 -3
-1 1 —4 1 ]
0 1 -3 -3
1 1 -2 -5
2 1 -1 -5
3 1 0 -3 ]
4 1 1 1
—1landO, 3 and 4
40. r 1 -1 0 1
-2 1 -3 6 -11
-1 1 =2 2 -1 ]
0 1 -1 0 1
1 1 0 0 1
—landO
41. r 4 2 —11 3
-2 4 -7 3 -3
-1 4 -3 -8 11
0 4 1 -11 3 ]
1 4 5 -6 -3
2 4 9 7 17 ]
—2and —1,0and 1, 1 and 2
42. -9 25 —24 6
-1 -9 34 —58 64
-9 25 —24 6 J
1 -9 16 -8 -2
-9 7 -10 -14
Oand 1

43. Use the TABLE feature of a graphing calculator.

—4.9,-1.8,2.2
4. n-245=0
(n—%+5)m=o0m
n
n2+5n—-6=0
n+6)(n—-1=0
n+6=0 n—1=0
n=-6 n=

1 +3
45. = x2x2
1 +3
(D) = (55" e
2x =x + 3
x =
5 2m 1
46. 6 2m+2  3m-3

(%)6(’” +Dim —1) = (20371 D~ 3(m1— 1))
6(m + 1)(m — 1)
5(m + 1)(m — 1) = 2@m)(3)(m — 1) — 2(m + 1)
5m2 —5=6m2— 6m — 2m — 2
0=m?2-8m+3
_ 8= V(82 - 4B

= 2(1)
8 + V52
m="""9
m=4+V13
3 _ 5, .
47. ) 2 < P exclude: 0

Testy=—0.5:%—2<%

—8 < —10 false
Testy = 1: 7 —2<%
1 <5 true
Solution: y < —1,y >0

2
x+1

48. <1- ﬁ; exclude —1, 1

(e +na-1=(1-25)@+ e -1
20— 1) =@+ Dx—-1)—(x+1)
2x—2=x2—x—2

0=x2- 3x
0= x(x— 3)
x=0 x—3=0
x=3
Testx=*2:ﬁ<1*72171
—2<% true
Test x = —0.5: _O;Jﬁ 1<1- —0,51+ 1
4 < —1 false
Testx:0.5:—0_52+1<1—0_51_1
%<3 true
m o2 _1
estx =257 7<1—-57
%<0 false
2 1
Testx=4: 77 7<1-7_7
2

2
5 3 true

Solution: x < —1,0<x<1,x>3

49.5-Vx+2=0 Check: 5 —Vx+2=0
5=Vx+2 5—V23+220

25 =x+ 2 5—-V2520

23 =«x 5—-520
0=0/
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50.

51.

52.

53.

54.
55.

Page 271
56.

57.

Check: Via—1+8=5
V4(-65) —1+825
V—-27+825
-3+825

5=5/

Via-1+8=5
Via—1=-3
4a — 1 = =27

4a = —26
a=—6.5
3+ Vx+8=Vx+ 35
9+6Vx+8+x+8=x+35
6Vx + 8 =18
Vx+8=3
x+8=9
x=1

Check: 3+ Vx +8=Vx + 35

3+V1+82V1+35
3+V92V36
3+3=6
6=6,/

Vx —5<7
x—5H<49
x < 54
Testx=0: VO —-5<7
V—5<7 meaningless
Testx =10: V10 - 5<7
V5 <7 true
Test x = 60: V60 — 5 <7
V55 <7 false
Solution: 5 < x < 54
4+V2a+T7=6
V2a+T7T=2
20+ 7T=4
2a = —3
a=—-15
Testa=—5:4+V2(-5)+7=6
4+V-3=6 meaningless
Testa=—2:4+V2(-2)+7=6
4+V3=6 false
Testa=0:4+V20)+7=6
4+V7=6 true
Solution: a = —1.5

cubic
fix) =242 —x+3

x—5>0
x>5

20 +7>0
2a > =17
a>—3.5

Applications and Problem Solving
Let x = width of window.
Let x + 6 = height of window.

A=Aw
315 = x(x + 6)
315 = x2 + 6x

0==x%+ 6x — 315

0= (x+ 21)(x — 15)
x+21=0 x—156=0

x=—21 x =15

Since distance cannot be negative, x = 15 and
x + 6 = 21. the window should be 15 in. by 21 in.
Let x = width.
Let x + 6 = length.
(x + 12)(x + 6) — (x + 6)(x) = 288

x% + 18x + 72 — % — 6x = 288

12x + 72 = 288
x =18

x+6=24
18 ft by 24 ft

Chapter 4
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58a.
2001
1004 .
7
58b. g(x) = —0.006x* + 0.140x3 — 0.053x2 + 1.79x
= x(—0.006x> + 0.140x% — 0.053x + 1.79)
= x(x3 — 23.3x% + 8.83x — 298.3)
ro| 1 —23.333 8.833  —298.333
1 1 —22.333 —13.503 | —311.836
5 1 —18.333 —82.835 | —712.508
23.5 1 0.167 12.758 ~0

rational zeros: 0, about 23.5

59. T = 21'r\/§
€
1.6 = 27 |55

025 = |

9.8
¢
0.06 = 55
0.64 = {; about 0.64 m

Page 271 Open-Ended Assessment
2

1. Sample answer:

_x __
x+3 2x+1
_2

() + 9@x+ 1) = (27)@ + e + 1)
x2x + 1) = 2(x + 3)
202 +x=2x+6
22 —x—6=0
Cx+3)x—2)=0
2x +3=0 x—2=0
3
x=—7 x=2
2a. Sample answer: x — 4 = Vx — 2
2b. Sample answer: x — 4 = Vx — 2
(x—4)2=x-2
x2—8x+16=x— 2
¥ —-9x—-18=0
x—6)(x—3)=0

x—6=0 x—3=0
x=06 x=3
Check: x — 4 =Vx — 2 x—4=Vx—2
6—-42V6-—-2 3—-42V3-2
22V4 -12V1
2=2/ —1+#1

The solution is 6. Since —1 # 1, 3 1is an
extraneous root.

3a. Sample answer:

X -3 -2 -1 —0.5
fx) -12 0 2 1.125
X 0 0.5 1 2

fx) 0 —0.625 8

3b. Sample answer: f(x) = x5 + x2 — 2x
3c. Sample answer: —2, 0, 1



4.You may want to draw a diagram.

Chapter 4 SAT & ACT Preparation

Page 273 SAT and ACT Practice s

1. There are two ways to solve this problem. You can

use the distance formula or you can sketch a
graph.
d ="V, —x)2+ (yg — 5,)?

= V(1 - (=27 + @~ (-1)?

N e

s+ 6

Use the formula for the perimeter of a rectangle,
where ¢ represents the length and w represents
the width.

20 + 2w =P

=V9 + 16 Replace w with s. Replace ¢ with s + 6.
=V25orb 2(s + 6) + 2s = 60
y The correct choice is E.

;/’(1, 3)

. First find the slope of the given line. Write the

equation in the form y = mx + b.

/1| 3x — 6y = 12
JvAe] X 6y:‘§>x—12 X
(-2, -1) 3] y=3x—2 The slope is 5.

When you sketch the points and draw a right
triangle as shown above, you can see that this is a
3-4-5 right triangle. Using the Pythagorean
Theorem, you can calculate that the length of the
hypotenuse is 5.

52 = 42 + 32 The correct choice is C.

. Points on the graph of f(x) are of the form (x, f(x)).
To move the entire graph of f(x) up 2 units,

2 must be added to each of the second coordinates.
Points on the translated graph are of the form

(x, f(x) + 2). The function which represents the
translation of the graph up 2 units is f(x) + 2.
The correct choice is E.

. You need to find both the x- and y-coordinates of
point C. Use the properties of a parallelogram.
First find the y-coordinate. Since opposite sides of
a parallelogram are parallel and side AD is on the
x-axis, point C must have the same y-coordinate
as point B. So the y-coordinate is b. This means
you can eliminate answer choices A and B

Now find the x-coordinate. Since opposite sides of
a parallelogram have equal length and side AD
has length d, side BC must also have length d.
Point B is @ units from the y-axis, so point C must
be a + d units from the y-axis. The x-coordinate of
point Cis a + d. So point C has coordinates

(a + d, b). The correct choice is E.

135

So the slope of the line perpendicular to this line
is the negative reciprocal of this slope. The slope
of the perpendicular line is —2. The correct choice
is A.

. Be sure to notice the small piece of given

information: x is an integer. You need to find the
number, written in scientific notation, that could
be x3. This means that the cube root of the
number is an integer.

Take the cube root of each of the answer choices

and see which one is an integer. You can use your

calculator or do the calculations by hand. Notice

that 2.7 is one-tenth of 27, which is 33.

2.7 X 1013 = 27 X 1012

V27 X 1012 = 3 x 10 or 30,000. 30,000 is an
integer.

When you try the same calculation with each of

the other answer choices, the resulting power of

10 has a fractional exponent. So the number

cannot be an integer. The correct choice is C.

. This is a system of equations, but you do not need

to solve for x or y. You need to find the value of
6x + 6y.

Notice that the first equation contains 5y and the
second contains —1y. If you subtract the second
from the first, you have 6y. Similarly, subtraction
of the x values gives a result of 6x. Use the same
strategy that you would for solving a system.
Subtract the second equation from the first.

10x + 5y = 14

—4x+ y=-2
6x + 6y = 12

The correct choice is C.
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8. You can solve this problem using the midpoint
formula or by sketching a graph.

The midpoint formula:

<x1+x2 y1+y2)7(3+(74) 5+3)7(*_1 E)i( l4)
2 » 2 )\ 2 »» 2 )7 \2°2/)"\"2

v4
L—3.5)

34

(-4,3)

The correct choice is B.

9. The expression x2 — 2ax + a? is a perfect square
trinomial and can be factored as (x — @)2. The
square of a real quantity is never negative.

The correct choice is A.
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10.

(x — a2 = x% — 2ax + a2

= (% + a?) — 2ax
So the quantity in Column A equals the quantity
in Column B plus the sum of the squares of x and
a. Since neither x nor a equal 0, their squares
must be greater than 0. So the quantity in
Column A is always greater than the quantity in
Column B. The correct choice is A.

Since the problem does not include a figure, draw
one. Label the four points.

3 2 8 R

E F G H

One method of solving this problem is to “plug-in”
numbers for the segment lengths. Since

EG = %EF, let EF = 3. Then EG = 5. This means
that FG must equal 2, since EF + FG = EG.

HF = 5FG = 5(2) = 10

HG=HF-FG=10—-2=38
EF _ 3

HG ~— 8

The answer is .375 or 3/8.



Chapter 5 The Trigonometric Functions

5-1 | Angles and Degree Measure

Pages 280-281 Check for Understanding

1. If an angle has a positive measure, the rotation is

in a counterclockwise direction. If an angle has a
negative measure, the rotation is in a clockwise
direction.

2. Add 29, 2 and oo

w

12.

13.

15.

16.

17.

’ 60’ 3600

. 270° + 360k° where k is an integer

1260°
. 34.95° = 34° + (0.95 - 60)’
= 34° + 57’
34° 57
. —T72.775° = —(72° + (0.775 - 60)")
= —(72° + 46.5")
= —(72° + 46’ + (0.5 - 60)")
= —(72° + 46’ + 30")
—172° 46' 30"

. —128°30' 45' = —(128° + 30'(G ) + 45" (5507

= —128.513°

.29°6'6" = 29° + 6/(50) + 6'(5057)

= 29.102°

. 2 X (—360°) = —720°
10.
11.

4.5 X 360° = 1620°

22° + 360k°; Sample answers:

22° + 360k° = 22° + 360(1)° or 382°

22° + 360k° = 22° + 360(—1)° or —338°
—170° + 360k°; Sample answers:

—170° + 360k° = —170° + 360(1)° or 190°
—170° + 360k° = —170° + 360(—1)° or —530°

360 =~ 1.26 14, —2o0 ~ —2.92
« + 360(1)° = 453° —2.22 + 2 = —0.22
o + 360 = 453° —0.22 X 360° = —78°
o =93%1I 360° — 78° = 282°; IV
o — 180° = 227° — 180°
= 47°

360° — 210° = 150°
180° — « = 180° — 150°
= 30°

24(360°) = 15°
+5(2:(360°)) = 0.25°, or 0.25(60") = 15’

6—10<6—10(2—2<360°))) ~ 0.0042°,
or 0.0042(60)(60) = 15"
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Pages 281-283
—16.75° = —(16° + (0.75 - 60))

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
32.
34.
36.
37.

38.

39.

—16° 45’

Exercises

—(16° + 45")

168.35° = 168° + (0.35 - 60)’
= 168° + 21’

168° 21’
—183.47°

—(183° + (0.47 - 60)")
—(183° + 28.2")

= —(183° + 28’ + (0.2 - 60")
= —(183° + 28’ + 12")

—183° 28" 12"

286.88° = 286° + (0.88 - 60)’
= 286° + 52.8'
= 286° + 52" + (0.8 - 60)"
= 286° + 52" + 48"

286° 52' 48"

27.465° = 27° + (0.465 - 60)’
= 27° + 27.9'
=27°+ 27" + (0.9 - 60)"
= 27° + 27" + 54"

27° 27" 54"

246.876° = 246° + (0.876 - 60)’
= 246° + 52.56'
= 246° + 52' + (0.56 - 60)"
= 246° + 52' — 33.6"

246° 52' 33.6"

23° 14/ 30" = 28° + 14'(5) + 30 (505
= 23.242°

~14°5' 20" =

(14° + 5'( 610) + 20"(3(}(;0,,))
14.089°

233 25' 15" = 233° + 25' () + 15"(5e057)

173°24' 35" =1

1

—405° 16’ 18" =

233.421°

730+ 24'(57) + 35" (50057

73.410°

—~(405° + 16/(5) + 18'(55))
~405.272°

1002° 30’ 30" = 1002° + 30'( ) + 30 (5057

3 X —360°
1.5 X 360° =

113° + 360k°
113° + 360k°

1002.508°

—1080° 31. 2 X 360° = 720°

540° 33. 7.5 X (—360°) = —2700°
2.25 X 360° = 810° 35. 5.75 X (—360°) = —2070°
4 X 360° = 1440°

30° + 360k°; Sample answers:

30° + 360k° = 30° + 360(1)° or 390°

30° + 360k° = 30° + 360(—1)° or —330°
—45° + 360k°; Sample answers:

—45° + 360k° = —45° + 360(1)° or 315°
—45° + 360k° = —45° + 360(—1)° or —405°
113° + 360k°; Sample answers:

113° + 360(1)° or 473°
113° + 360(—1)° or —247°
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40.

41.

42.

43.
44.

45.

47.

49.

50.

51.

52.
53.
54.
55.

57.

58.

59.

60.
61.

217° + 360k; Sample answers:

217° 4+ 360k° = 217° + 360(1)° or 577°

217° + 360k° = 217° + 360(—1)° or —143°
—199° + 360k°; Sample answers:

—199° + 360k° = —199° + 360(1)° or 161°
—199° + 360k° = —199° + 360(—1)° or —559°
—305° + 360k°; Sample answers:

—305° + 360k° = —305° + 360(1)° or 55°
—305° + 360k° = —305° + 360(—1)° or —665°
310° + 360k° = 310° + 360(0)° or 310°

60° + 360k° = 60° + 360(2)° or 780°

60° + 360k° = 60° + 360(—3) or —1020°

400° —280°
3600 = L.11 46. 550 ~ —0.78
o 4+ 360(1)° = 400° o« + 360(—1)° = —280°
o« + 360° = 400° o — 360° = —280°
o = 40° 1 o« = 80°% 1
940° 1059°
Se0° =~ 2.61 48. S5 = 2.94

« + 360(2)° = 940°
« + 720° = 940°
oo = 220°; III x = 339%

—624°

260 ~ —1.73

-1.73+1=-0.73
—0.73 X 360° = —264°
360° — 264° = 96°; 11

—989°
260- = —2.75

—2.75+2=-0.75
—0.75 X 360° = —269°
360° — 269° = 91°; 11
1275°

sa < 3.54
« + 360(3)° = 1275°
« + 1080° = 1275°
« = 195°% 111

360° — = = 360° — 327° or 33°
180° — « = 180° — 148° or 32°
563° — 360° = 203°

o« — 180° = 203° — 180° or 23°

—420° + 360° = —60°  56. 360° — 197° =
360° — 60° = 300° 180° — 163° =
360° — 300° = 60°

1045°

s60r = 2.90

« + 360(2)° = 1045°

« + 720° = 1045°

x = 325°

360° — = = 360° — 325° or 35°
20°
180° — « = 180° — 20° or 160°
180° + « = 180° + 20° or 200°
360° — = = 360° — 20° or 340°

90 revolutions 360° °

second " revolution 32,400%/second
90 revolutions 60 seconds 360°

second 1 minute  revolution

1,944,000°/minute
90k, where & is an integer
860 _ 34,200°/minute

revolution

95 revolutions
minute

1.
30 seconds = 5 minute

34,200° - 5 = 17,100°

Chapter 5

* + 360(2)° = 1059°
* + 720° = 1059°

v

163°
17°

62.

30,000 revolutions 360° _
minute revolution —

10,800,000 or 1.08 x 107

100,000 revolutions 360° _
minute revolution —

36,000,000 or 3.6 X 107
1.08 X 107 to 3.6 X 107 degrees

63.

62 rotations 360° °
second  rotation 22,320° second

62 rotations 360° 60 seconds
second rotation minute
1,339,200°/minute

62 rotations 360° 60 seconds 60 minutes
second rotation minute hour -
80,352,000°hour

62 rotations 360° 60 seconds 60 minutes
second rotation minute hour

hours

24 74,y = 1,928,448,000°day

64. 25° + 120k°, where k is an integer

65a.

65b.

66a.

66b.

67a.

67b.

44.4499° = 44° + (0.4499 - 60)’
= 44° + 26.994’
= 44° + 26’ + (0.994 - 60)"
= 44° + 26' + 59.64"

44° 26' 59.64"
68.2616° = 68° + (0.2616 - 60)’
= 68° + 15.696’

= 68° + 15’ + (0.696 - 60)"
= 68° + 15" + 41.76"

68° 15’ 41.76"
! [/ — ! 10 " 10

24°33' 32" = 24° + 33'(ay) + 32'(5m7)

~ 24.559°

o ’ [/ — o ! 10 ”, L
81°45' 34.4" = 81° + 45/ ) + 344" (505 )
~ 81.760°

Sydney:
1rotation 60 minutes 24 hours _ 20.6 rotations
70 minutes hour ’ day day

. 1lrevolution 24 hours 24 revolutions
San Antonio: — 7 - - day = day
24 — 20.6 = 3.4 revolutions
about 3.4 revolutions
Sydney:
20.6 rotations 7 days 360° °

day " week  rotation 51,840

. . 24revolutions 7 days 360°

San Antonio: day " week  revolution
60,480°

60,480° — 51,840° = 8640°
Use graphing calculator to find cubic regression.
Sample answer: f(x) = —0.00055x3 + 0.0797x2
— 3.7242x + 76.2147
2010 — 1950 = 60
f(x) = —0.00055x3 — 0.0797x% — 3.7242x
+ 76.2147
£(60) = —0.00055(60)3 + 0.0797(60)2
— 3.7242(60) + 76.2147
= 20.8827
Sample answer: about 20.9%



68. Vén +5—15=—10

Vén+5=5
6n +5 =125
6n = 120
n =20
Check: V6n + 5 — 15 = —10
V6(20) + 5 — 15 2 —10
V125 — 15 2 —10
5—15=—10
-10=-10 /
x+ 3 3
69. x+2 47 2+5x+6
x+3:2_#
x+ 2 (x+ 2)(x + 3)

@+ 26+ () = @ + D + Q) ~
@+ 2+ 3o s)
x+3)a+3)=(@x+2x+3)2) -3
X2 +6x+9=2x2+ 10x+ 12 -3
0=2x2+ 4x
0=x(x+4)
x=0orx+4=0
x=—4
211 0 8 1
2 4 24
1 2 12| 25

70.

25
(x = (=5))(x — (=6)(x — 10) = 0
(x + 5)(x + 6)(x —10) =0
(2 + 11x + 30)(x — 10) = 0
X3 + x2 — 80x — 300 = 0

71.

72. rity = ryty
18(—3) = ry(—11)
18(-3)
—11 " T
491 ~r,
about 4.91
73.x+1=0 I’Z% y=x2—1
x# —1 1 x+1

Point discontinuity T

74.

decreasing for x < —1, increasing for x > —1

75. expanded vertically by a factor of 3, translated
down 2 units
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71. [f - gl(x) = flg(x))
= fx — 0.3x)
= (x — 0.3x) — 0.2(x — 0.3x)
=x— 0.3x — 0.2x + 0.06x
= 0.56x

180° — mOEOA — mOBOD
= 180° — 85° — 15°

78. mOEOD

mOOED = mOEDO
mOOED = 5(180° — mOEOD)
= 5(180° — 80°)
= 50°
mOECA = 180° — mOEOC — mOOED
= 180° — (80° + 15°) — 50°
= 35°
The correct choice is D.

5.0 Trigonometric Ratios in Right
Triangles
Page 284 Graphing Calculator Exploration

1. Sample answers:

52
20 26

10

48 24

= 5 or about 0.3846
= 34 or about 0.3846
= —2 or about 0.9231
—g or about 0.9231

[\ — —
—
©

[\

or about 0.4167

12
= % or about 0.4167

= % or about 0.9231

=32 or about 0.9231

w

[y

—

= or about 0.3846

[\

= % or about 0.3846

DN NN DD YD

= 1—520r 2.4

w

R, = % or 2.4
4. Each ratio has the same value for all 22.6° angles.

5. yes 6. Yes; the triangles are similar.
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Pages 287-288 Check for Understanding

1. The side opposite the acute angle of a right
triangle is the side that is not part of either side of
the angle. The side adjacent to the acute angle is
the side of the triangle that is part of the side of
the angle, but is not the hypotenuse.

2. cosecant; secant; cotangent
. a b a
3.sinA="_,cosA="_,tanA =7,
c c b
cscA =,secA=7,cot A=

4. sin A = cos B, csc A = sec B, tan A = cot B

5. (TV)? + (VU)2 = (TU)?
172 + 152 = (TU)?
514 = (TU)?
V514 = TU
. _ side opposite -~ side adjacent
sin T'= hypotenuse cos T'= hypotenuse
in T = 15 15V514 T = 17 17V514
s L= /p1q OF “ 514 Cos I'= /51a OF " 514
__ side opposite
tan T'= side adjacent
15
tan T'= 17
1
6. cscl =5 7. tan 0 = 5
1 5

csc = 3 ory tan 6 = % or about 0.6667

5
8. (PS)? + (Q@9)? = (QP)?
(PS)? + 62 = 202
(PS)2 = 364
PS = V364 or 2V91

side opposite side adjacent

sin P = hypotenuse cos P = hypotenuse
Pt ol po 2Vl VI
Sin = 90 or 10 COos = 20 or 10
_ side opposite _ hypotenuse
tan P = side adjacent csc P = side opposite
tan P — - 3V91 p_20 10
an = 9vo1 or 91 CscC =% or 3
___hypotenuse __ side adjacent
sec P = side adjacent cot P = side opposite
p_ 20 10V91 fpo 2VOL VT
sec = Vo1 or 91 CO = 6 or 3
_ &
9 cos 6 = 1
A
cos 45° =
o
V2 _ Vi
2 VI
2_ 14
4 7 1,
0.5I, = I,
Pages 288-290 Exercises
10. (AC)? + (CB)? = (AB)?
802 + 60% = (AB)2
10,000 = (AB)2
100 = AB
n A= side opposite A= side adjacent
SIN A = Hypotenuse COS A4 = T ypotenuse
3 80 4

. 60
sin A = 755 0r 5 cos A =7,,0r;

side opposite

tan A =

side adjacent

60 3
tan A = g5 or

Chapter 5
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11.

12.

13.
14.

16.

18.

20.

(AC)® + (CB)* = (AB)*
82 + 52 = (AB)?
89 = (AB)2
V89 = AB
. _ side opposite _ side adjacent
sin A = hypotenuse cos A = hypotenuse
WA= > 5V/89 A- 8 8V/89
Sin = V39 or 39 COSs = V39 or 39
side opposite
tan A = side adjacent
tan A = %
(AC)? + (BO)? = (AB)?
(AC)? + 122 = 402
(AC)% = 1456
AC = V1456 or 4V91
. o side opposite _ side adjacent
sin A = hypotenuse cos A = hypotenuse
. 12 3 491 Vo1
sin A =5org; cos A= —, = or [~
side opposite
tan A = side adjacent
A 12 3V91
tan A = 357 or Tg;
tangent
1
cot 0 = 1 15. csc 0 = 5 5
cot6=%or3 csc0=%or%

)
=
-

1 .
cosf = .5 17. sinf =
6=+ or> ing =5 or0.4
cos 0 = 5 or 3 sinf =5 - or0.
g=— 19. secf = —
tan cot 0 - 8eCU = "ogp

tan 6 = r175 or about 1.3333
(RT)? + (TS)? = (RS)?
142 + (TS)? = 482
(TS)? = 2108
TS = V2108 or 2V 527

side opposite side adjacent

sin R = hypotenuse cos R = hypotenuse
in R 2V527 V527 R 14 7
Sin = 48 or 2 CcOos = 48 or o4
__ side opposite __hypotenuse
tan R = side adjacent csc R = side opposite
R 2V527 V527 R 48 24V 527
tan R = """ or o csc R = /- or o0
hypotenuse side adjacent
sec R = side adjacent cot R = side opposite
pots 2 R 14 7VB2T
sec i = or cot B = o mon OF ~oon



21. (ST)? + (TR)® = (SR)?
382 + (TR)? = 402
(TR)? = 156
TR = V156 or 2V 39
. _ side opposite . side adjacent
sin R = hypotenuse cos R = hypotenuse
. 38 19 2V/39 V39
sin R = jor 5, cos R = =5 50
side opposite hypotenuse
tan R = side adjacent csc R = side opposite
38 19V39 40 20
tan R = /55 Or ~ 39 csc R = 55 or 7
hypotenuse side adjacent
sec R = side adjacent cot R = side opposite
40 20V/39 2V39 V39
sec R = 555 or — o9 cot R = —5g~ or — ¢
22. (ST)2 + (TR)? = (SR)?
(V7)% — 9% = (SR)?
88 = (SR)2
V88 = SR; V88 or 2V 22
. _ side opposite _ side adjacent
sin R = hypotenuse cos R = hypotenuse
. V7 V154 9 9V22
sin R = 555 or —, cos R = 545 or —
side opposite hypotenuse
tan R = side adjacent csc R = side opposite
V7 2V/22 2V154
tan R = —o~ escR= 7 or .
hypotenuse side adjacent
sec R = side adjacent cot R = side opposite
2V22 9 V7
sec R = — cot R= /7 or
23. cot (90° — 0) = tan 0 24a. 0.7963540136
cot (90° — 0) = 1.3
24b. 0.186524036 24c. 35.34015106
24d. 1.37638192
25.
0 72° 74° 76° 78° 80°
sin 0.951 | 0.961 | 0.970 | 0.978 | 0.985
cos | 0.309 | 0.276 | 0.242 | 0.208| 0.174
0 82° 84° 86° 88°
sin 0.990 | 0.995 | 0.998 | 0.999
cos | 0.139 | 0.105 | 0.070 | 0.035
25a. 1 25b. 0
26.
0 18° 16° 14° 12° 10°
sin 0.309 | 0.276 | 0.242 | 0.208 | 0.174
cos 0.951 0.961 0.970 0.978 0.985
tan | 0.325 0.287 0.249 0.213 0.176
0 8° 6° 4° 2°
sin 0.139 | 0.105 | 0.070 | 0.035
cos 0.990 0.995 0.998 0.999
tan | 0.141 0.105 0.070 0.035
26a. 0 26b. 1
26¢c. 0
sin 0.
27. sin 0, =n
sin 45°
sin27°55 1
1.5103 = n
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28. sin R =
sin R = 3
aZ + b2

cos R =
cos R =

csc R =

side opposite
hypotenuse
7
= 2
32+ b2 =172
b? = 40
b=V40or 2V10
side adjacent
hypotenuse

2V10
7

hypotenuse
side opposite

7
csc R =3

cot R =

cot R =

29a.

side adjacent
side opposite

2V10
3

UZ
tan 0 = o
2

o_ V2
tan 11° = 551575

29.53 =~ v?
bd4=v

about 5.4 m/s

29c.

2

U

tan 6 = o
2

o V2
tan 15° = 45457

40.70 = v?
6.4=v

about 6.4 m/s

30.

side opposite

side opposite

tan R = side adjacent
3 3V10
tan R = 210 or 20
R= hypotenuse
SeC v = iqe adjacent
PP 7V10
sec v = 9vio OF T20
v2
29b. tan 6 = o
D
tan 13° = 554575
35.07 ~ v?
59=v

about 5.9 m/s

29d. increase

side adjacent

sin § = hypotenuse cos § = hypotenuse
side opposite
sin 6 hypotenuse
cos0 m
hypotenuse
sinf side opposite  side adjacent
cos @ ~  hypotenuse - hypotenuse
sinf side opposite hypotenuse
cos @~ hypotenuse " side adjacent
sing _ side opposite
cosf ~ side adjacent
sin 0
osp — tan @

3la. 0 =90° - L — 23.5° X cos[

31b.

0 =90° — 26° — 23.5°

0 = 90° — 26° — 23.5°
0 = 87.5°

0 =90°— L — 23.5° X co

0 = 90° — 26° — 23.5°
0 =90° — 26° — 23.5°
0 = 40.5°

O = 90° — 64° — 23.5°
0= 90° — 64° — 23.5°
0 = 49.5°

0 =90°— L — 23.5° X co

X cos

(N + 10)360]
365
[(172 + 10)360]

365

X (—0.99997)

X1

|

X cos

|

X cos

(N + 10)360]

365

[(355 + 10)360]
365

(N + 10)360]
365
[(172 + 10)360]
365

X —0.99997

0 =90°— L — 23.5° X cos[

0 =90° — 64° — 23.5°

0 = 90° — 64° — 23.5°
0 =2.5°

X
X1

cos[

(N + 10)360]
365
(355 + 10)360

365 ]
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3lc. 87.5° — 40.56° = 47°
49.5° — 25° = 47°

neither
_ sin(B — A)
32. x = t( cos A )
[ sin(60° — 41°)
x= 10( cos 41° )

x =~ 10(0.4314)
x = 4.31; about 4.31 cm
33. 88.37° =88° + (0.37 - 60)’
= 88° + 22.2'
= 88° + 22" + (0.2 - 60)"
= 88° + 22" + 12"
88° 22" 12"
34. positive: 1
f(—x)=x*— 223+ 6x— 1
negative: 3 or 1

35. 35a. 23 employees
35b. $1076

Haxirum
n=LF

Y=1076

[—10, 50] scl:10 by [—10, 1200] scl:100

7 -3 5
3.4 0 -1 :7‘2 _(1)‘7(73)‘3 _é‘+5‘g (2)’
8 2 0
=17(2) — (=3)(8) + 5(8)
= 78
37. m =

=2 1
m=-—;or—

y—y = mlx —x)
1
y—3=—3&-6)

y= —%x +6
38. A = 3bh 9x = 2(2) or 4
12 = 5(2x)(3%) 3x = 3(2) or 6
12 = 3«2 a?+b2=¢?
4 = 2 42 + 62 = ¢2
2=x 52 = ¢?

V52 =c¢; Vb2or2V13

The correct choice is C.

53 Trigonometric Functions on the
Unit Circle
Page 296 Check for Understanding

1. Terminal side of a 180° angle in standard position
is the negative x-axis which intersects the unit
. . 1 1
circle at (—1, 0). Since csc § = > esc 180° =
which is undefined.
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As 6 goes from 0° to 90°, the y-coordinate
increases. As 6 goes from 90° to 180°, the

y-coordinate decreases.

x cos 6
3. cot = Y = sin6

4. 1Y

-1

Function Quadrant

I1 111

13%

sin o Or cos o + —

COS & Or seC &

+ [+ ]+ [~

tan « or cot « - +

5. (~1, 0); tan 180° = or 3 0

6. (0, —1); sec(—90°) = - or y; undefined

7. (%% 5)
sin 30° = y cos 30° = x
sin 30° = é cos 30° = %
tan 30° = % csc 30° = %
1
tan 30° = % csc 30° = %
2 2
csc 30° = 2
tan 30° = %
tan 30° = %
sec 30° = % cot 30° = f
V3
sec 30° = % cot 30° = %
2 2
sec 30° = %3 cot 30° = V3
sec 30° = ¥




8. terminal side — Quadrant ITI
reference angle: 225° — 180° = 45°
( vz ﬁ)
T 207 2
sin 225° =y cos 225° = x
sin 225° = — 2 cos 225° = — 2
tan 225°=% csc 225°=§
f% csc 225° = \1[
o _ 2
tan 225° = 5 -
9 2
o 995 ) 2 csc225°=—%
an ° =
esc 225° = —V2
sec 225° = cot 225° =
o _1 V2
sec 225° = vz 9950 -
i RS Ve
o _ L )
sec 225° =~ cot 225° = 1
sec 225° = —\V2
9. r="VaZ + y2
r=WV32%+ 42
t=V25o0rb
sin9=% cose=% tan0=%
sin0=% cos0=§ tan0=%
csc0:§ seCGZi cot0:§
csc0=% sec(9=% cot0=%
10. 7 = Va2 + y2
r="V(-6)? + 62
r=V172o0r 6V2
sin 6 = cosezf tan@z%
: _ _6_ _ =6 _ 6 1
smG—6 5 cos@—G\@ tan = —5 or —
sin 0 = V2 cos0——ﬁ
-2 - 2
r r
cs00=; secf =
csc0=L\g§orV§ secG—Gf\for—\/ﬁ
coth ==
y
cotBZ%or—l
11. tan0=% r2 =2+ y2
tan 6 = —1 r2 =12+ (-1)?
x=1y=-1 r2 =
r=V2
. Y x
sinf = cos 6 =
sin 6 = _7; cos 0 = %
. V2 V2
sinf = ——5- cosf = —5
csc == sec =~
y x
V2
cscOZTfor—\/i secﬂzgor\/i
cot§ ==
y

1
cot§ = —yor —1
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12.

13.

Pages 296-298
14.

15.
16.

17.
18.

19.
20.

22.

COS@Z% r2 = x% + y2
cos =~ 92 = (~1)2 + y2
x=—-1,r=2 3 =92
i\/§=y
Quadrant IT, soy = V3
. Yy Yy r
51n0=7\[ tanﬁ—;\f csc@—;
sin@:T3 tan@zifor—vg CSCGZ%
2V3
cscf = —5—
r X
secd = cot 6 = y
sec0=%orf2 cot(9=77§3
-3
cot = ——
C=2nrcos L C =2nrcos L
C = 2m(3960) cos 0° C = 2mw(3960) cos 90°
C = 24,881.41 C=0

The circumference goes from about 24,881 miles to
0 miles.

Exercises
(0,1); sin 90° = yor 1

(1, 0); tan 360° = 2 or 9; 0
x 1

(=1, 0); cot(—180°) = for %; undefined

(0, —1); csc 270° = i or %1; -1
(0, 1); cos(—270°) = xor 0
(=1, 0); sec 180° = %or _il; -1
Sample answers: 0°, 180°  21. undefined
(ﬁ ﬁ)
2 0 2
sin 45° =y cos 45° = x
sin 45° = % cos 45° = %
tan 45° = % csc 45° = %
% csc 45° = %
tan 45° = E or 1 -
2 csc 45° = %
csc 45° = V2
o 1 o _ X
sec 45° = cot 45° = Y
sec 45° = % %
2 o _
-5 cot 45° = V5 Or 1
sec 45° = % 2
sec 45° = V2
Chapter 5



23. terminal side — Quadrant IT
reference angle: 180° — 150° = 30°

V3 o1
(_7’ 5)
sin 150° =y
sin 150° =
tan 150° = >
1
2
tan 150° = RV
T2
1
tan 150° = — 3
tan 150° = — %

1
sec 150° = —

sec 150° =

V3
2
2
sec 150° = -3
sec 150° = —27\3/5

cos 150° = x

cos 150° = —%
o _ L
csc 150° = Y
csclb0° = %
2
csc 150° = 2
cot 150° = f
V3
T2
cot 150° = 1
2
cot 150° = —V3

24. terminal side — Quadrant IV
reference angle: 360° — 315° = 45°

(% %)

2 07 2

sin 315° =y

sin 315° = — %2

tan 815° =
V2
T2

tan 315° = V5
T2

sec 315° = i
sec 315° =

1
V2
2
2
sec 315° = V3
sec 315° = V2

Chapter 5

cos 315° = x

cos 315° = %
315° =+

csc =7

csc 315° = !

V2
2
2

csc 315° = v

csc 315° = —V2

o _ X
cot315—y
Va
5° = 2
cot 315° = vz
T2
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25.

26.

terminal side — Quadrant IIT
reference angle: 210° — 180° = 30°

V3 1
(_ 2 _5)
sin 210° =y cos 210° = x
sin 210° = —é cos 210° = —%
oY o_ 1
tan 210° = csc 210° = Y
—% csc 210° = %
tan 210° = V3 -3
T2
tan 210° = = cse 210° = —2
tan 210° = %
sec 210° = % cot 210° = f
sec 210° = \1/5 —%
—T cot 210° = — 1
T2
sec 210° = —% cot 210° = V3
sec 210° = — %
terminal side — Quadrant IV
reference angle: 360° — 330° = 30°
(ﬁ ;)
2 072
sin 330° =y cos 330° = x
sin 330° = — cos 330° = 22
oY o_ 1L
tan 330° = csc 330° = Y
1
- csc 330° = -
tan 330° = E -5
2
tan 330° = — = csc 330° = —2
tan 330° = — %
sec 330° = - cot 330° = 3
sec 330° = % %
e cot 330° = 1
2 2
330° = =
see v cot 330° = —\/3
sec 330° = —5—




27.

28.

29.

30.

terminal side — Quadrant I
reference angle: 420° — 360° = 60°

1 V3
(E’ T)
sin 420° = y cos 420°
sin 420° = 2 cos 420°
tan 420° = > csc 420°
% csc 420°
tan 420° = B
2
csc 420° =
tan 420° = V'3
sec 420° =+ cse 420° =
sec 420° = % cot 420
2
sec 420° = 2 cot 420°
cot 420°
cot 420°

terminal side — Quadrant IV
reference angle: 45°

(ﬁ _ﬁ)
2 07 2
X
cot (—45°):;
V2
~ 2
cot (—45°) = —"\5 or—1
2

terminal side — Quadrant 1
reference angle: 390° — 360° = 30°
V3 o1

(7’ 5)

o_ 1
csc 390° = Y
csc 390° = % or 2

2

r=VaxZ+ y2
r= Vet (-9
r=V225orb
sinf =7 cosf =7
sin 6 = —% cos = —%
cscf = f sec O = f
cscf = f% sect = —

< |g o <= o= R
wé%»—‘ m|§ Do | = w‘é &‘M N‘é‘»—‘

tan@—%
tan@z%ior%
X
cotﬁzy
cotGI:—goré
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31.

32.

33.

34.

35.

r= Va2 + y?

r=V(-6)? + 62
r=\V72o0r6V2
sinﬁ—% 0050—% tan0=%
. 6 -6
an@zm COSOZE tanGZ%or—l
sinﬁ—ﬁ cosO—fﬁ

- 2 - 2
csc<9=§ sec0=£ cot0=§
csc0=¥ sec0=6_—\/6§ cot0=%6

or V2 or —\V2 or —1
r:\/xZ-i-y2
r="V2a%+0?
r=V4or?2
sin0=% cos0=% tan0=%
sin(i:gorO cos@z%orl tanﬁz%oro
csc<9=§ sec0=£ cot0=§
csc0=% sec@=§or1 cot0=%
undefined undefined
r:\/xZ-i-y2
r="V12%Z+ (-8)?
r=Ve6b5
sin@—% cos@—% tanﬁ—%
. -8 1 —
s1n0=ﬁ cost9=ﬁ tan0=T80r—8
sinfg= — 5 gp= YO

- 65 T 65
csc0:§ sec(i:i

V65 V65
cs00=£§or—% secG=%orV65
coth ==
y

cot9=%80rf%
r=VE P
r= VT (32
r

= V34
. Y X
sinf = cos = tan 6 =
. -3 5 -
smﬁzﬁ cosﬁzﬁ tan f = -~ or —3
. 3V34 5V34
sinf = ——5; cosf = —54
csc0=§ sec0=£
V34 V34 V34
csc = —5 or ——5 secf = —5—
X
cot 6 = y
5 5
cot = —gor —35
r=VaZ + y?
r="V(-8)?2+ 152
r=V289or 17
. y y
sinf = cose=% tan 6 =
. 15 - 8 15 15
sinf =17 cosf =—70r—7; tanf = _gor —
r r X
csc07y sec = cotefy
17 17 17 -8 8
cscf =15 sec=_gor—35 cotf="50r -5

Chapter 5



36.

317.

38.

39.

40.

r=Va2+y2 = Va2 + y2

r
r="V52+ (-6)? r="V(-5)? + 62
r=7Vel1 r=Vel1
sin0=% sin0=%
. _ =6 . _ _6_
s1n0—\/a s1n0—\/a
.. 6Vel ., 6V6l
sinf = — 5 sinf = —

The sine of one angle is the negative of the sine of
the other angle.

If sin # < 0, y must be negative, so the terminal
side is located in Quadrant III or IV

cos@—% r2=x2 + y2
2
cos 6 = —1> 182 = (~12)2 + 52
x=-12,r=13 25 = y2
5=y
Quadrant III, soy = =5
sin0=% tan0=%
sin0=%—)or—f53 tan0=:71520r?52
cs00:§ sect9:£
13 13 13 13
csc = —5or — secf = —j50or =75
r
cot@—y
cot6=i—1520r%
cscﬂ—i r2=x2 + y2
csc =2 22 = x2 4+ 12
r=2y=1 3 = x2
*V3=x
Quadrant I, so x = —V3
sin0=% cos0=% tanB—%
. - V3 1
s1n0:% COSBZTSOJC—T3 tanf = — 5
V3
tan 6 = — 5~
sec@=§ cote—f
2 —
secﬁzfvg cot@z%or—\/g
sec f = _27\3/5
sin0:% r2 = x2 + y2
. 1
sinf = — 52 = x2 + (—1)2
y=-1,r=5 24 = x2
+2V6 = x
Quadrant IV, so x = 26
X y r
cosG=7\f tan§ = = csc0=;
-1
cos 0 = 256 tan0=m cs00=7i10r75
Ve
tan 0 = — |5
r X
secf = cot0:;

cot 6 = 277\/16 or —2V6

Chapter 5
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41.

42.

43.

44.

45.

46a. kis an even integer.

47.

tanOZ% r2 = x2 + y2
tan§ = 2 r2=12 + 22
y=2,x=1 r2=5
r=V5
: _2 _x _r
sin 6 = cosf =7 csc(ify
s1n0:\/5 cosBZ% CSC@Z%
siné?—%/g cos0=%
sec@—i cot0=§
secf = - or V5 cotOZ%
secOZi r2 =2+ y2
sec = V3 (V3)2 =12 + 2
r=\/§,x=1 2 =y2
i\/§=y
Quadrant IV, soy = —V2
sin0:% 0050:% tanBZ%
. -V2 -
sm0=—\/§2 cos@=% tan0=7\l/§or—\/§
s1n0=—T6 cos0=T3
. _Xx
csct9—y\/g cot0—y
escf = — 5 cot0=7_\1/§
csce=f% cot0=772
cot0:§ r2=a2+y?
cot § = 1 (Quadrant III) r2 = (—1)2% + (-1)2
x=-1,y=-1 r2=2
r=vV2
sin@z% cosﬁz% tan@z%
sin0=_7; cosf)—% tan0=:—1or1
sin@z—% COS9:—T2
r r
csc()—;\/_ sec =
cscBZTfor—\/i secﬂz—lzor—\/g
cs00=§ r2 = x2 + y2
csch = —2 22 =22 + (-1)?
r=2y=-1 3 = x2
*V3=x
uadrant 111, sox = —
Quadrant III V3
y
tan§ =
-1
tan 0 = — 3
3
tan 6 = —~
gsinfcosf =0

sinf =0orcosf =0
6 =0° 6 = 90°
46b. kis an odd integer.

It
cos 0 = ‘/Io

cos 6 =V1 I, =1
cosf =1
0 =0°



48. Letx = —1.y = =3(-1)

y=3
r2=x2 + 42
r2=(-12%+ (3)?
r2 =10
r=V10
oY _x _2
sin f = 7 cos = tan = 7
sin0=% (:050:%0 tan0=%or73
. 3V10 V10
sin 0 = 10 cost—TO
csc0:§ 560025
csc(?—@ sec0=@or—v10
AABC is equilateral.

mOBCA = 60°
mUOACD + mOBCA = 90°
mUOACD + 60° = 90°
mUOACD = 30°

4
Since AC = 36, AD = 18.
18 +4 =221t

49c. Refer to 49b for diagram and reasoning.
Since AC = 30, AD = 15.

15+4=19f
49d. 51+ 4

50. sin 6 = ——

csc 6
. 1
mo = —_
sin 6 7
5
5
7
—2.33

sin 0 =
-840

51. 55,

—840°
—840°

—120°

x + 360(—2)°
o« — 720°
o« =
360° — 120° = 240°; I1T
5-Vb+2=0
5=Vb+2
25=1>b+2
23 =10
—b = Vb? — 4ac
2a

9+ V(=92 - 4@5)
2(4)

52.

53.

9+V1
8

_9+1

X="3

_9-1
or x=-g

or1.256 x= Sorl
54. y = kx

¥y = (=0.6)(21)
y=-12.6

10
8

Y
X

9

-15
-0.6

55. flx) = x%2 — 16
y=2x2—16
x = y2 - 16
x+ 16 = y2
*Vx+16=y
2 1
56. ‘73 2‘ 2(2) — (-3)1
=17
112 -1
[
57. 3(8m — 3n — 4p) = 3(6)

—

i4m + 9n — 2p = —4

4(8m — 3n — 4p) = 4(6)
6m + 12n + 5p = —1

—

11(28m — 14p) = 11(14)

!
308m — 154p = 154
—532m + 154p = —322
—224m = —168

w

4
38m — 11p = 23
38(3) - 11p = 23
1

p=7y

58. 2x — 4y = 7
2(9) — 43) =7
6 =17;yes
2x — 4y = 7
2(2) — 4(—-2) =7
12 £ 7; no

59.

The correct choice is C.

5-4 | Applying Trigon

Pages 301-302
la. cos or sec
lc. sin or csc
2. Sample answer: Find a.

147

absolute value; f(x) = 2% —

60. A of square — A of circle = A
s2—mr2=A

22 -m(1)2=A

0.86 =

f(x)=x2-16 I

24m — 9n — 12p = 18
idm + 9n — 2p = —4

28m — 14p = 14
32m — 12n — 16p = 24
6m + 12n + b5p = -1
38m —11p = 23

—14(38m — 11p) = —14(23)

dm + 9n — 2p = —4

4(3) + on - 2(3)
(5-53)

2 — 4y =7

2(—1) — 42) =7
—10 = 7; yes

|
A

ometric Functions

Check for Understanding

1b. tan or cot

Chapter 5



3. ODCB; OABC; the measures are equal; if parallel
lines are cut by a transversal, the alternate
interior angles are congruent.

4. Sample answer: If you know the angle of elevation
of the sun at noon on a particular day, you can
measure the length of the shadow of the building
at noon on that day. The height of the building
equals the length of the shadow times the tangent
of the angle of elevation of the sun.

a
5. tan A =3
o _ 2
tan 76° = 715
13 tan 76° = a
52.1=a
7. cos B = %
o r— i
cos 16° 45" = 35
13 cos 16° 45" = a
12.4 = a

8b. Let x = é of the base.
cos 55° 30" = 15

10 cos 55° 30" = x
5.66 = x

base = 2x

base =~ 2(5.66)

base = 11.3 cm

9. tan13°15 =2

X
x tan 13° 15" = 175

175

X = tan13°15'

x =~ T743.2 ft

Pages 302-304 Exercises
10. tan A = %
o _ 2
tan 37° = ¢
6tan 37° = a
45 =a
12. sin B = %
sin 62° = %
24 sin 62° = b
21.2=5b
14. cos B = %
cos 77° = 11'3
ccos 77° =17.3
173
C= CosT7°
c="76.9

Chapter 5

6. sin B :%
sin 26° = %
¢ sin 26° = 18
18
C = Sin26°
c=~41.1

8a. Let x = altitude.
sin 55° 30’ = 15
10 sin 55° 30" = x
8.2 =x
about 8.2 cm

8c. A =3bh
A=~ 3(11.3)(8.2)
A =~ 46.7 cm?

11. cos B =

atan 61° = 33.2
332
4= tan61°

a= 184

148

| o

16. tan B =

a
tan 49° 13" = -~
atan 49° 13’ = 10
_ 10
Q= tan49° 13
a~= 8.6
17. sind =2

c

sin 16° 55’ = T3~

13.7sin 16° 55" = a
40=a
18. cos B =
cos 47° 18" = 22

ccos 47° 18" = 22.3
22.3

cos 47° 18’

c =329

. h

19. sin 30° = 75
12 sin 30° = h
6=nh

o_ 6
tan 45° = -
mtan 45° = 6

|2

N o

c =

_ 6
tan 45°
m=26

10.8
cos 36° p

x cos 36° = 10.8
108
~ cos 36°

x = 13.3cm

m =

20a.

s

0o [ =

20b. tan 36° =

10.8

10.8 tan 36° = 3 s
2+-10.8 tan 36° = s
15.7=s
about 15.7 cm
P =5s
P = 5(15.7)
P="785cm

20c.

1
5(14.6)

21a. cos 42° 30" =

X

, 1
x cos 42° 30" = 5(14.6)

1
5(14.6)
x =

x=99m

21b. tan 42° 30" =

cos 42° 30’

n

o —
cos 30° = 75

12 cos 30° = n
104=n

: o_ 8
sin 45 =5
psin4b° =6

__6
P = in 45°
p =85

5(14.6)

5(14.6) tan 42° 30’ = x

6.7 =x
about 6.7 m



21c. A =3bh
A~ 3(14.6)(6.7)
A =~ 48.8 m?

22a. r = 3(6.4) or 3.2

a
o —
cos 30° = 55

3.2 cos 30° = a
2.771281292 = a
about 2.8 cm

22b. Let x = side of hexagon. 22¢. P = 6s

1

Ex
sin 30° = 55
32 sin 30° = %x
2-3.2sin 30° = x
3.2 =ux; 32
22d. A = épa

P =6(.2)
P=19.2cm

cm

A =~ 5(19.2)(2.771281292)

A =~ 26.6 cm?
23. sin 10° 21’ 36" =

195.8

x sin 10° 21’ 36" = 195.8

_ 195.8
X = §in 10° 21" 36"
x =~ 1088.8 ft
24. height: V= % area of base - height

tan x = f V= % (52)(% s tan OC)
2° V= % $3 tan «
1
zstan o = x
25a.
a a
il
LI [satt
A I
gt |4 O
. 76
25b. 84 — 8 =176 25c¢. sin 60° = —-
tan 60° =~ x sin 60° = 76
76
x tan 60° = 76 X = Sin 60°
76
X =m0 x~ 87.81ft
x =~ 43.9 ft
26a. tan 6° = 22
x tan 6° = 3900
3900
X = Yan 6°
x =~ 37,106.0 ft
26b.  sin 6° = 20
x sin 6° = 3900
3900
= Sine°
x =~ 37,310.4 ft
27. Yacht: Barge:
tan 20° = 22 tan 12° 30 = 22
x tan 20° = 208 x tan 12° 30" = 208
208 208
X = Yan 20° X = Tan 12° 30’
x =~ 5T71.5 x =~ 938.2

938.2 — 571.5 = 366.8 ft; no
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28. Let M represent the point of intersection of the
altitude and EF. Since AGEF is isosceles, the
altitude bisects EF. AEMG is a right triangle.
Therefore, sin § = % orssinf = aandtanf = ﬁ
or 0.5b tan 6 = a.

29. Latasha: Markisha:
sin 35° = 2—9560 sin 42° = %5
250 sin 35° = x 225 sin 42° = x
143.4 = x 150.6 = x

1506 — 143.4 = 7.2
Markisha’s; about 7.2 ft

30. Let x = the height of the building.
Let y = the distance between the buildings.

tan 47° 30 = & tan 54° 54’ =
ytan 47° 30" = x ytan 54° 54’ = 40 + x
_ x _ 40 + x
Y = tan 47° 30' Y = tan 54° 54’
X 40 + x

tan 47° 30" ~ tan 54° 54’
tan 54° 54'(x) = tan 47° 30'(40 + x)
x tan 54° 54’ = 40 tan 47° 30" +
x tan 47° 30’

x(tan 54° 54’ — tan 47° 30’) = 40 tan 47° 30’
_ 40 tan 47° 30’
X = Yan 54° 54’ — tan 47° 30’
x =~ 131.7 ft

31. terminal side — Quadrant II
reference angle: 180° — 120° = 60°

1 V3
(-5 %)
sin 120° = y cos 120° = x
sin 120° = % cos 120° = —3
tan 120° = % csc 120° = %
% csc 120° = %
tan 120° = —~ 2
1 2
"2
tan 120° = —\/3 csc 120° = _2\3/5
sec 120° = % cot 120° = %
sec 120° = —- >
-5 cot 120° = V3
2
sec 120° = —2 cot 120° = — %
32. (PR + (RQ)® = (PQ)*
72 + 22 = (PQ)?
53 = (PQ)*
V53 = PQ
P _a
sin P = - cos P =+
sin P = % cos P = %
. 2V/53 V53
sin P= —; cos P = 55
P
tan P = 7
tan P = %
33. 43° 15’ 35" = 43° + 15°( ) + 35'(5e)
~ 43.260°

Chapter 5



34.

ol X

35. Let x = the cost of notebooks and y = the cost of

pencils.
3x + 2y = 5.89
4x +y = 6.20
3x + 2y = 5.80 L 3x+2 = 580
—2(4x + y) = —2(6.20) —8x — 2y = —12.40
—bx = —6.60
4x +y = 6.20 x = $1.32
4(1.32) +y = 6.20
y = $0.92
36. Zﬁﬂ: - x hours = % miles
The correct choice is E.
Page 304 Mid-Chapter Quiz
1. 34.605 ° = 34° + (0.605 - 60)’
= 34° + 36.3’
= 34° + 36" + (0.3 - 60)”
= 34° + 36" + 18"
34° 36’ 18"
2. o~ —1.11
-1.11+1=-0.11
—0.11 X 360° = —40°
360° — 40° = 320°; IV
3. (GI)2 + (IH)? = (GH)?
(GD)? + 102 = 122
(GD)? = 44
GI =V44or 2V11
. __ side opposite _ side adjacent
sin G = hypotenuse cos G = hypotenuse
. 10 5 _2vin Vi1
sin G =5 org cos G = "5 or —¢
side opposite hypotenuse
tan G = side adjacent csc G = side opposite
tanG=217\/0ﬁ cscGZ%org
tan G = 5\1/1ﬁ
hypotenuse side adjacent
sec G = side adjacent cot G = side opposite
secG=217\/21—1 cotG=2\1<.ﬁor%
6V11
sec G =

11

Chapter 5

4. r="Vx2 + y2
r="V22+ (-5)?
r=%V29
: A _x b
sin 6 = < cosf =7 tan 6 =
sin0:7WD9 cos 0 % tan = 5 or —
.. 5V29 _ 2V29
sin = — 55 cos 6 29
r r
cs00=; secf =
29 V29 V29
csc = —5 or ——5 sec = —5
cot@—i
2
cot 6 = 5or—5
5. tan27.8° =22
x tan 27.8° = 550
550
X = tan 27.8°
x =~ 1043.2 ft
5-5 | Solving Right Triangles

Pages 308-309

la. linear

Check for Understanding
1b. angle

2. They are complementary.

3. Sample answer:

60°
[1 30°

4. Marta; they need to find the inverse of the cosine,

1
not prg

5. 60°, 300°
7. sin (sin*
Let A = sin~!
sin (sin*1 %)
8. Let A = cos %
r2=x2 + y2
52 = 32 4 42
16 = y2
4=y
tan A =

1

ﬂ@
§|§

w

4 _
3 tan (cos

6. 150°, 330°

Then sin A =

3
2

Then cos A = &

V3
5 -

1§)=é
5) =3



9. tan R = f 10. cos S = % 22. Let A = arccos %. Then cos A = %.
tan R = 1—70 cos S = ;—(2) cos (arccos %) = %
_ -1 — -112
R =tan™" 33 S =cos™ 3 23. Let A = tan~! % Then tan A = %
R = 35.0° S = 53.1° 12\ _ 2
11. A + 78° = 90° tan (tan 5) BE
A=12° 24. Let A cos™! % Then cos A = %
Find b. Find c.
b u sec A = ﬁ
tan B = cos B =7
_ 1
tan 78° =411 cos 78° :4_01 sec A = %
41tan78° = b ccos 78° = 41 5
41 secA =75
1929~ b ¢=— 2
c=~197.2 sec (cos‘l 3) =2
A=12°b=192.9,¢c=197.2 25. Let A = arcsin 1. Then sin A = 1.
12. a2+ b%=c? Find B. csc A = ﬁ
2 2 _ .2 _2b
11+ 21¢ =¢ tan B = cscA=%0r1
21
V562 = ¢ tan B = 37 csc (aresin 1) = 1
23.7T=c B=tan"! % 26. Let A = cos™! 1—53 Then cos A = %
B =~ 62.4° r2 = g2 + y2
Find A. 132 =52 + y2
A + 62.35402464 =~ 90 144 = y2
A = 27.64597536 12=y
c=237,A=276° B=62.4 tan A — 1_52; tan(cos_l %) _ %
13. 3.2° + B = 90°
B =58 27. Let A = sin"! 2. Then sin A = =
Find a. Find b 1"2 — x2 + yg
sinA=% cosA=% 52 = x2 + 22
oo @ o _ b 21 = x2
sin 32° = 73 cos 32° = 3 N
13sin 32° = a 13 cos 32°=b Noi q2 o1
6.9~a 11.0~b cosA =3 ;COS(Sm 3): 5
B=158%a=69b=110 28. tan N = — 29. sin M ="
Lda. tan x — 1250 s E
a. tan x = gy tan N = sin M =47
_ —1 1280 15 8
X =tan " 55, N =tan !5 M=sin"!37
x ~ 31.4° N = o M = 34.8°
14b 3g0 = 1220 o e
- tan = Tx 30. cos M = 31.tan N = -
x tan 38° = 1280 22 18.8
o 1280 cos M = 55 tan N = 5
~ tan 38° = opa—122 — tan—12188
x~ 1638.3 ft M= cos 5 N'=tan g
14 650 1280 Mz 42.8° ZVz 52.7°
c. tan T 32. cos N = % 33.sin M = %
x tan 65° = 1280 7.2 . 32.5
1280 cos N = i1 sin M = a7
* = tane65° 12 1325
x =~ 596.9 ft N'=cos™ 37y M=sin""5i7
N = 65.1° M = 36.5°
34. tanA=£ tanB=%
Pages 309-312 Exercises 24
A=tan 1=~ B=tan 1=
15. 90° 16. 120°, 300° an e s
17. 30°, 330° 18. 90°, 270° A=~ 369 B~53.1
19. 225°, 315° 20. 135°, 315°
21. Sample answers: 30°, 150°, 390°, 510°
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1
35. 5(14) = 7

base angles:

8
tan A =
A= tan’lg
A = 48.8°

vertex angle = 2mB
tan B = %
_ 17
B=tan " g

B =41.2°
2mOB =~ 82.4°

about 48.8°, 48.8°, and 82.4°

36. a2+ b2 =¢?
212 + b2 = 302
b =V459
b=214
44.427004 + B = 90
B = 45.6°
37. 35° + B = 90°
B = 55°
tan A = %
tan 35° = %
8tan 35° = a
5.6 =a
38. A + 47° = 90°
A = 43°
tan B = %
tan 47° = 1'5
atan 47° = 12.5
125
4= tan 47
a=11.7
39. a2+ b2 =¢2
3.82 + 4.92 = ¢2
V32.08 = ¢
5.7=c
42.13759477 + B = 90
B = 47.9°
40. a2+ b2 =¢?
a? + 3.72 = 9.52
a=V76.56
a = 8.7
A + 22.92175446 =~ 90
A =67.1°
41. 51.5° + B = 90°
B = 38.5°
tan A = %
tan 51.5° = 252
btan 51.5° = 13.3
133
b= tan 51.5°
b~ 10.6

Chapter 5

. a
sin A = "

. 21
sin A = 30

. 21
= -1==
A = sin 30

A=~ 44.4°

12.5
125
€= Sim47°
c=17.1

a
tan A = n

csin 47° =

3.8
tan A = 5
3.

8
_ -1 95
A=tan™' 3

A= 42.1°

b
c

. 3.7
sin B =37

sin B =

. 3.7
— —-12L
B = sin 95

B = 22.9°

|2

sin A =

= o

sin 51.5° = 23

c

c¢sin 51.5° = 13.3
13.3
sin 51.5°

c~=17.0

c =

42. A + 33° = 90°
A=5T7°
b

s1nB:?

. b
o__9
sin 33 15.2

15.2 sin 33° = b
83=15b
43. 14° + B = 90°
B =176°

. a
sinA = —
c

a

3 o — _—_
sin 14° = 98

9.8sin 14° = a
2.4 =a

. 647
44a. sin 0 = 7555
647

— w1
0 = sin™ " 7550

0~ 39.4°
tan 39.4° ~ =7

x tan 39.4° = 647
64T
" tan 39.4°

x =~ 788.5 ft

44b.

X

45a.

greater than 1.
45b.

be between 1 and —1.
45c.

than —1.
46. 10 -6 =14
tan 0 = 1i5

4
_ -14
6 =tan™" 45

6~14.9°
47a. tan§ = —o-

_ -1.8
6 =tan™" 755
0~ 4.6°

45
48. tan 0 = 5555

_ —1_45_
6 = tan™" 5555
0= 1.2°

65 miles 5280 feet

1 hour

a

cos B=—
c
a

o —
cos 33° = 53

15.2 cos 33° = a
12.7 = a

b
cos A =

cos 14° = 98
9.8cos14°=b

9.5=1b

Since the sine function is the side opposite
divided by the hypotenuse, the sine cannot be

Since the secant function is the hypotenuse
divided by the side opposite, the secant cannot

Since cosine function is the side adjacent divided
by the hypotenuse, the cosine cannot be less

47b. tan § = —o-

-1.5_

6 =tan™" 755

0~ 2.9°

feet

49. mile
2

U
tan0=5

95.32
tan 6 = 5577505
f =tan"!

0~ 13.3°

hour

95.32
32(1200)

152

" 3600 seconds

~ 95.3

second



50.

51.

52.

53.

54.

sin 0.

sin 0, =n
sin 60°
g = 242
sin 60° .
94 — sSIno,
0.3579 =~ sin 6,
sin~10.3579 ~ 0
21.0°~ 0,

Draw the altitude from Y to XZ. Call the point of

intersection W.
mUOX + mOXYW = 90°
30° + mOXYW = 90°

mOXYW = 60°
In AXYW:
o XW
cos 30° = 75
16 cos 30° = XW
13.9 = XW
In AZYW:
sin Z = o
. 18
Z=sin"l5
Z =~ 19.5°

8
cos mUOWYZ = 51

1 8
mOWYZ = cos 15

mOWYZ =~ 70.5°

Y =mOXYW+ mOWYZ

Y = 60° + 70.5°
Y = 130.5°
baseball stadium:
tan 63° = @
x tan 63° = 1000
1000
X = Tan 63°
x =~ 509.5

distance = x + y

: o WY
sin 30° = =5
16 sin 30° = WY
8 =WY

8

tan 19.5° = 37
WZ tan 19.5° = 8

8
Wz = iies
WZ = 22.6
y=XW+ WZ
y=13.9+ 22.6
y = 36.5
football stadium:
tan 18° = %
y tan 18° = 1000
1000
Y = tan 18°
y = 3077.7

distance = 509.5 + 3077.7

distance = 3587.2 ft
(FD)? + (DE)? = (FE)*

DE =V176 or 4V11

72 + (DE)2 = 152
(DE)? = 176
in F = side opposite
s &= hypotenuse
. 4V11
sin F'= —
__ side opposite
tan I = side adjacent
4V11
tan F'= —
F= hypotenuse
SeC L = Gide adjacent
15
sec F'=—

7

side adjacent

cos F'= hypotenuse
7
cos F'= 7
F= hypotenuse
CSC L= "Gde opposite
Jo—_ 15V11
CSCL'= 411 OF gy
side adjacent
cot ' =

side opposite
V11
cot F= 47 or —;

Use TABLE feature of a graphing calculator.

—0.3,1.4,4.3
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55.

56.

57.

58.

59.

60.

x-axis y3 —x2 =
(=) —2* =2
“y3—x2=2. no
y-axis y3 —x2 =2
y3 - (-x)? =
y3 —x2=2: yes
y=x y3—a? =
@ - 0P =2
x> —y2=2; no
y=-x ¥} —a? =
(0% = (=2 =2
—x3 — y2 =2; no
y-axis
-1 0| |-6 =56 =3 -1 -2
[01][—3 4 6 3—2]
_|=1(=5) + 0(=3) —1(=5) + 0(4)
[ 0(—5) + 1(—3) 0(—5) + 1(4)
—1(=3) + 0(6) —1(—1) + 0(3)
0(—3) + 1(6) 0(—1) + 1(3)
—1(—2) + 0(—2)
0(—2) + 1(—2)}
_| 55 31 2
{—3 4 6 3 —2]
(5, —3), (5, 4), (3, 6), (1, 3), (2, —2)
4 -3 2 -2 2 -2
[8 -2 0]+[5 1 1]
9 6 —3 -7 2 -2
44+ (-2 -3+2 2+ (-2
=[8+(—5) —2+1 0+1]
9+ (-7 6+2 -3+ (-2
2 -1 0
= [3 -1 1]
2 8 —5
22.2 — 42.5
m = 71950 — 1880
m =22 or —0.29
y —22.2 = —0.29(x — 1950)
y = —0.29x + 587.7
2x+ b5y —10=0
5y = —2x + 10
2
y=—3x+2
2
a c ab + cd
o bt d+10="7—+10

The correct choice is A.

5-6 | The Law of Sines
Page 316 Check for Understanding

x Y V3 Y 2x

1. sin 30° = sin 60° = sin 90° S
x o, xV3 5 2x 60 2X
1T V3 T X
2 2 30°
2¢ = 2x = 2x oy

Chapter 5



2. Sample answer:
A
b c
35° 40°

(3 B
10

3. Area of WXYZ = Area of triangle ZWY + Area of
triangle XYW.
mOX = mOZ
triangle ZWY:

1.
K=53sinZ

1.
K—msz

triangle XYW:
k = Sab sin X

K= éab sin X + éab sin X
K=absin X

4. Both; if the measures of two angles and a non-
included side are known or if the measures of two
angles and the included side are known, the
triangle is unqiue.

5. C = 180° — (40° + 59°) or 81°

a ¢ b ¢
sinA ~ sin C sin B~ sin C
a 14 b 14
sin 40° ~ sin 81° sin 59° ~ sin 81°
_ 14 sin 40° _ 14sin 59°
4= "gnsr b= sin 81°

a =~ 9.111200533
C=281°a=910=121
6. C = 180° — (27.3° + 55.9°) or 96.8°

b = 12.14992798

b __a c___8
sinB ~ sinA sinC ~ sinA
b 86 c 86
sin 55.9° ~ sin 27.3° sin 96.8° ~ sin 27.3°
_ 8.65sin 55.9° __ 8.65sin 96.8°
b="Gnors €= Tsin273e
b =~ 15.52671055 c =~ 18.61879792

C=196.8°,b=15.5,¢c=18.6
7. A =180° — (17° 55" + 98° 15") or 63° 50’

c _ a
sinC ~ sinA
c _ 17
sin 98° 15" ~ sin 63° 50’
17 sin 98° 15’
sin 63° 50’
c~18.7
1 .
8. K=5bcsinA
1 .
K = 5(14)(12) sin 78°
K ~ 82.2 units?

9. C = 180° — (22° + 105°) or 53°

_1,95sinAsinC
K= 2 b sin B
1 sin 22° sin 53°
_ L 25022 51199
K= 2(]‘4) sin 105°

K =~ 30.4 units?

10. Let d = the distance from the fan to the pitcher’s
mound.
6 = 180° — (24° 12’ + 5° 42') or 150° 6’
d 605

sin 150° 6’ ~ sin 5° 42’

g — 80.55in 1506

- sin 5° 42’
d = 303.7 ft

Chapter 5
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Pages 316-318 Exercises
11. B = 180° — (40° + 70°) or 70°

b a c _ a
sinB =~ sinA sinC ~ sinA
b 20 c 2
sin 70° ~ sin 40° sin 70° ~ sin 40°
_ 20sin 70° _ 20sin 70°
b= sin 40° ~ sin 40°
b ~ 29.238044 ¢ ~ 29.238044

B=170°0b=29.2c=292

12. A = 180° — (100° + 50°) or 30°
a ¢ b ¢
sinA ~ sin C sin B~ sin C
a 30 b 30
sin 30° ~ sin 50° sin 100° ~ sin 50’
_ 30sin 30° b= 30 sin 100°
4 = T§in50° ~  sin50°

a =~ 19.58110934
A=30°%a=19.6,b=38.6

b = 38.56725658

13. C = 180° — (25° + 35°) or 120°
a b c b
sinA ~ sinB sinC ~ sin B
a _ 12 c _ 12
sin 25° ~ sin 35° sin 120° ~ sin 35°
_ 12sin 25° _ 12sin 120°
4= Tsinsse €= Tsin35°

a =~ 8.84174945
C=120°%a =28.8,¢c=18.1

c =~ 18.11843058

14. C = 180° — (65° + 50°) or 65°
a ¢ b ¢
sinA ~ sinC sinB ~ sin C
a _ 12 b 12
sin 65° ~ sin 65° sin 50° ~ sin 65°
_ 12sin 65° _ 125in 50°
4= Tgnes b= sin 65°
a=12 b~ 10.14283828

C=65°%a=12b=10.1

15. A = 180° — (24.8° + 61.3°) or 93.9°
b a c _ _a
sinB ~ sinA sinC ~ sinA
b 82 c 82
sin 24.8° ~ sin 93.9° sin 61.3° ~ sin 93.9°
_ 825sin 24.8° _ 8.25sin61.3°
b="Gnose €= Tsin93.9°

b = 3.447490503
A=939,b=34,¢c=172

c =~ 7.209293255

16. B = 180° — (39° 15" + 64° 45") or 76°
a ¢ b ¢
sinA ~ sin C sin B~ sin C
a 193 b 193
sin 39’ 51’ sin 64° 45’ sin 76°  sin 64° 45’
_19.3 sin 39° 15’ b= 19.3 sin 76°
T sin 64° 45’ ~ sin 64° 45’

a ~13.50118124

B=176°a=135,b=20.7

C = 180° — (37° 20" + 51° 30') or 91° 10’
a c

b = 20.7049599

17.

sinB = sin C

b 125
sin 51° 30" ~ sin 91° 10’
p — 125 sin51° 31
~  sin91°10’
b=97.8
18. A = 180° — (29° 34’ + 23° 48') or 126° 38’
a b
sinA ~— sin B
a _ 11
sin 126° 38’ ~ sin 29° 34’
_ 11sin 126° 38’
@ = Tsin 29° 347
a=17.9



19

20

21

22

23

24

25.

26.

27.

K= % be sin A
K = 3(14)(9) sin 28°
K = 29.6 units?

A = 180° — (37° + 84°) or 59°
_ 1 9sinBsinC

K= 2a sin A
_ 1, .9 sin 37°sin 84°

K= 2(5) sin 59°

K =~ 8.7 units?

C = 180° — (15° + 113°) or 52°
_1,9sinAsinC

K= 2 b sin B
_ 1,9 sin 15°sin 52°

K= 2(7) sin 113°

K =~ 5.4 units?

K = 3bcsin A

K = 5(146.2)(209.3) sin 62.2°
K =~ 13,533.9 units?

K= %ac sin B

K = 3(12.7)(5.8) sin 42.8°

K = 25.0 units?

B = 180° — (53.8° + 65.4°) or 60.8°
1 sin B sin C

K= Eaz sin A
1 sin 60.8° sin 65.4°

K= 5(19.27 sin 53.8°

K =~ 181.3 units?

K= absin X (formula from Exercise 3)
K = (14)(20) sin 57°
K ~ 234.8 cm?

2
/N

N~ _—

Area of pentagon =
5 - Area of triangle
360° + 5 = 72°

5K =~ 5(38.51778891)
5K ~ 192.6 in?
Area of octagon =

8 - Area of triangle
360° + 8 = 45°

K = 3(9)(9) sin 72°
K ~ 38.51778891

45°

8K ~ 8(8.838834765)
8K =~ 70.7 ft2

K = 5(5)(5) sin 45°
K ~ 8.838834765

28a. 180° — (95° + 40°) = 45°

x 80 y 80
28b. sin 95° ~ sin 45° sin 40° ~ sin 45°
__ 80sin 95° __ 80sin 40°
X = Tsin 45° Y = Tsin45°

x = 112.7065642
about 112.7 ft and 72.7 ft

y =~ 72.72311643

28c. P=112.7 + 72.7 + 80

rsin S

— - However, N = IS and

msin N
n =

AMNP = ARST.

360° = 5 = 72°

triangle: K = $(300)(300)sin 72°
K ~ 42,797.54323

30.

soccer fields.

32. 180° — 30° = 150°
6 = 180° — (26.8° + 150°) or 3.2°
Let x = the length of the track.

x =~ 147.6670329

33b. Let y = the distance of a direct flight.
_y _ _8
sin 160° ~ sin 7°
80 sin 160°
Y= T
y =~ 224.5 mi
155

P = 26541t
29. Applying the Law of Sines, ﬁ = ﬁ and
Si,:R = —Si:l 5- Thus sin M = @ and sin R =
rsin S

—, - Since UM = OR, sin M = sin R and

. . m r m n . .
sin N =sin S, so - = 7 and - = 7. Similar

proportions can be derived for p and ¢. Therefore,

pentagon: 5K = 5(42,797.54323)
5K ~ 213,987.7 ft
3la. 6 = 180° — (20° 15’ + 62° 30") or 97° 15’

Let x = the distance from the balloon to the

X _ 4
sin 62° 30 sin 97° 15'
_ 45sin 62° 30’
T sin97° 15’
x =~ 3.6 mi
31b. 6 = 180° — (20° 15" + 62° 30') or 97° 15’
Let y = the distance from the balloon to the
football field.
4 . 4
sin 20° 15"~ sin 97° 15’
_ 4sin 20° 15’
Y = Tsin97 15’
y=14mi

x _ 100
sin 26.8° ~ sin 3.2°
100 sin 26.8°
- sin 3.2°
x =~ 807.7 ft
33a. Let x = the distance of the second part of the
flight.
f = 180° — (13° + 160°) or 7°
x 80
sin 13° ~ sin 7°
_ 80sin13°
~  sinT7°

distance of flight = 80 + 147.7 or about 227.7 mi

Chapter 5



34. X 90763 =27
N 180° — (55° + 63°) = 62°
Let x = the vertical
y 62° .
distance.
Let y = the length of the
131t overhang.
275
63°
x 13 _y _ _66_
sin 27° ~ sin 63° sin 63° ~ sin 62°
_ 13sin 27° __ 6.65sin 63°
X = Tsme3e Y = Tsineze
x =~ 6.623830843 y = 6.684288563
about 6.7 ft
a b
35a. sinA = sinB
a _ sin4
b sinB
a c
35b. sind _ sinC
a _ sin4
¢ sinC
a sin A
ren 1= sinC 1
a ¢ _ sin A . sin C
c ¢ sinC sin C
a—c _sinA-sinC
c sin C
. a—c sin A — sin C
35c. From Exercise 34b, —— = S C
sinA—sinC _ sinC
or a—c T
a ¢
sinA ~ sinC
a _ sinA
¢ sinC
a sin A
© t1= sin C +1
a L ¢ _ sinA sin C
¢ ¢ sinC sin C
atc sinA+sinC
c sin C
sin C _ sinA +sin C
c a+tc
sin A — sin C sin A + sin C
Therefore, e = e
atc sinA+sinC
or = = snA—snC"
a b
35d. sind _ sinB
a _ sin4
b~ sinB
a sin A
b +1= sin B +1
a b _ sinA sin B
b5 T smB T B
a+b sinA+sinB
b sin B
b sin B
a+b sinA+sinB
45
36. tan 0 = 55
45
—tapn-14
6 =tan™" 55
6~ 66.0°

Chapter 5
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317.

38.
39.

40.

41.

sin 6 = < P2 =2+ y2
sinf = —3 62 = a2 + (—1)
y=-1,r=6 35 = x2
*V3b=x
Quadrant IV, so x = V35
_x 2 _r
cosG—r\ﬁ tan 6 = < cscO—y
cos@=% tan0=ﬁ cscﬁ=%0r—6
tan g = — %
r X
sec = — cot § = ;\ﬁ
sec@=% cot9=_73150r—\/£
6V35
sec = —¢
83° + 360k°
Let x = standard carts and let y = deluxe carts.
2=x=8
MAx=2 Ax=18
4=y=11 7'5\_\ X+y=15
x+y=15 121 N&M[/ y=11
T ( ’ ) y= 4
2,4
A RN
oY Y 4 12 1%
M(x, y) = 100x + 250y
M(2, 4) = 100(2) + 250(4) or 1200
M(2, 11) = 100(2) + 250(11) or 2950
M(4, 11) = 100(4) + 250(11) or 3150
M(8, 7) = 100(8) + 250(7) or 2550
M(8, 4) = 100(8) + 250(4) or 1800
4 standard carts, 11 deluxe carts
dx+ y+2z= 0
3x + 4y — 2z = 20
Tx + 5y =20
3(8x + 4y — 2z) = 3(20)
2(—2x + 5y + 3z) = 2(14)
!
9x + 12y — 62 = 60
—4x + 10y + 62z = 28
bx + 22y = 88
—5(7x + 5y) = —=5(20) - —35x — 25y = —100
7(5x + 22y) = 7(88) 35x + 154y = 616
129y = 516
y=4
Tx + 5y = 20 dx+y+2z2=0
Tx + 5(4) = 20 40) +4+2z2=0
x=0 z=-2
0,4, -2)
—-6=3x—y 3x —y=12
y=3x+6 y=3x— 12
1
—b6=3x—/y=12

Jor




42. Area of one face of the small cube = 12 or 1 in2.
Surface area of the small cube = 6 - 1 or 6 in2.
Area of one face of large cube = 22 or 4 in2.
Surface area of large cube = 6 - 4 or 24 in2.
Surface area of all small cubes = 8 - 6 or 48 in2.
The difference in surface areas is 48 in%2 — 24 in2
or 24 in2.

The correct choice is A.

Page 319 History of Mathematics
1. See students’ work; the sum is greater than 180°.
In spherical geometry, the sum of the angles of a
triangle can exceed 180°.
2. See students’ work. Sample answer: Postulate 4
states that all right angles are equal to one
another.

3. See students’ work.

5.7 | The Ambiguous Case for the Law
of Sines
Page 323 Graphing Calculator Exploration

1. B=44.1°,C =23.9°,¢c= 1.8

2. B=52.7°,C=176.3°, b = 41.0; B = 25.3°,
C=103.7°,b = 22.0

3. The answers are slightly different.

4. Answers will vary if rounded numbers are used to
find some values.

Page 324 Check for Understanding
1. A triangle cannot exist if mOA < 90° and
a < bsin Aorif mOA = 90° and a < b.

2. B
B
264 6 123.6°\8
30° 26.4°
A c
o . O 10
2 Z30 93.6°
10
6 10
sin 30° ~ sin B 180° — o« ~ 180° — 56.4°
sin B =~ ~1236° ]
_ . _1(10sin30° C = 180° — (30° + 123.6°)
B =sin s ~ 26.4°

B = 56.44269024
C ~ 180° — (30° + 56.4°)
~ 93.6°
3. Step 1: Determine that there is one solution for
the triangle.
Step 2: Use the Law of Sines to solve for B.
Step 3: Subtract the sum of 120 and B from 180 to
find C.
Step 4: Use the Law of Sines to solve for c.
4. Since 113° = 90°, consider Case II.
15 = 8; 1 solution

157

5. Since 44° < 90°, consider Case I.

a sin B = 23 sin 44°

a sin B = 23 (0.6947)
asin B~ 15.97714252
12 < 16.0; 0 solutions

. Since 17° < 90°, consider Case I.

asin C =10 sin 17°
~ 2.923717047
2.9 < 10 < 11; 1 solution

c _ _a

sinC ~ sinA

1110
sin 17° ~ sin A

. 10 sin 17°
sin A = 1

. 10 sin 17°
A = sin 1 (T)

A = 15.41404614

B = 180° — (15.4° + 17°) or about 147.6°
c b

sin C ~ sin B
b
sin 17° ~ sin 147.6°
__ 11sin 147.6°
b= sin 17°

b = 20.16738057
A =15.4° B =147.6° b = 20.2

. Since 140° = 90°, consider Case II.

3 = 10; no solutions

. Since 38° < 90°, consider Case I.

b sin A = 10 sin 38°
bsin A= 6.156614753
6.2 < 8 < 10; 2 solutions

a b
sinA ~ sinB
8 10
sin 38° ~ sin B
. 10 sin 38°
sin B = T

B =sin-! (10 sigl 38")

B = 50.31590502
180° — o« = 180° — 50.3° or 129.7°
Solution 1
C = 180° — (50.3° + 38°) or 91.7°

a ¢
sinA ~ sin C
8 . c
sin 38° ~ sin 91.7°
__ 8sin91.7°
sin 38°
¢ ~ 12.98843472
Solution 2
C = 180° — (129.7° + 38°) or 12.3°
a _ C
sinA ~ sinC
8 _ c
sin 38° ~ sin 12.3°
__ 8sin12.3°
€= sinsse

c =~ 2.768149638
B =50.3°, C =91.7°, ¢ = 13.0; B = 129.7°,
C=12.3°%c=238
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9. Since 130° = 90°, consider Case II.
17 > 5; 1 solution

c b
sinC ~ sin B
17 5
sin 130° ~ sin B
. 5 sin 130°
sin B = 7

. 5 sin 130°
_ —1( 5sin 130°
B = sin ( 17 )

B =~ 13.02094264
A =~ 180° — (13.0 + 130°) or 37.0°

c _ _a
sinC ~ sinA
17 _ a
sin 130° ~ sin 37.0°
_ 17sin 37.0°
4= "in 130°

a = 13.35543321
A=37.0°B=13.0°,a =134
10a.

10b. 90° — 10° = 80°
180° — 80° = 100°

45

0 45
sin 100° ~ sinx
. 45sin 100°
sin x = 70

. _1(45sin100°)
X = sln 70

x =~ 39.3°

10c. 6 =~ 180° — (100° — 39.3°)

or about 40.7°

45

y _ 70
sin 40.7° ~ sin 100°
_ 705sin 40.7°
Y = Tsin 100°
y=~46.4ft
Pages 324-326 Exercises

11. Since 57° < 90°, consider Case I.
bsin A= 19sin 57°
b sin A = 15.93474079
11 < 15.9; 0 solutions

12. Since 30° < 90°, consider Case 1.
csin A = 26 sin 30°
csinA =13
13 = 13; 1 solution.

Chapter 5

13.

14.
15.

16.

17.

18.

19.

Since 61° < 90°, consider Case I.
a sin B = 12 sin 61°

a sin B = 10.49543649

8 < 10.5; 0 solutions

two angles are given; 1 solution

Since 100° = 90°, consider Case II.
15 < 18; 0 solutions

Since 37° < 90°, consider Case I.

a sin B = 32 sin 37°

a sin B = 19.25808074

27 > 19.3; 2 solutions

Since 65° < 90°, consider Case I.

b sin A = 57 sin 65°

b sin A = 51.65954386

55 > 51.7; 2 solutions

Since 150° = 90°, consider Case II.
6 = 8; no solution

Since 58° < 90°, consider Case 1.
bsin A = 29 sin 58°

b sin A = 24.59339479

26 > 24.6; 2 solutions

a b
sinA = sinB
26 29
sin 58° ~ sin B
. 29 sin 58°
sin B ="

B= sin_1<29 s;ré 58°)

B = 71.06720496
180° — o« = 180° — 71.1° or 108.9°
Solution 1
C = 180° — (58° + 71.1°) or 50.9°

a ¢
sinA = sinC
26 c
sin 58°  sin 50.9°
_ 265sin50.9°
sin 58°
c =~ 23.80359004
Solution 2
C = 180° — (58° + 108.9)° or 13.1°
a ¢
sinA ~ sinC
26 c
sin 58°  sin 13.1°
__ 26sin13.1°
€= " sin 58°

¢ =~ 6.931727606
B =171.1°, C = 50.9° c = 23.8; B = 108.9°,
C=13.1°%¢c=6.9



20. Since 30° < 90°, consider Case I.
b sin A = 8 sin 30°

bsinA =4
4 = 4; 1 solution
a b
sinA ~ sinB
_4 8
sin 30° ~ sin B
. 8 sin 30°
sin B=—"_—
. _1( 8sin 30°
B =sin 1(7)
B =90
C = 180° — (30° — 90°) or 60°
a _ C
sinA ~ sinC
4 _ c
sin 30° ~ sin 60°
4 sin 60°
C= sin 30°

C = 6.92820323
B =90°C=60°c=6.9
21. Since 70° < 90°, consider Case I.
a sin C = 25 sin 70°
a sin C = 23.49231552
24 > 23.5; 2 solutions

c _ _a

sinC ~ sinA

24 2
sin 70° ~ sin A

. 25 sin 70°
sinA =",

. 25 sin 70°
_ —1( 25sin 70°
A = sin ( o )

A = 78.1941432
180° — = =~ 180° — 79.2° or 101.8°

Solution 1
B = 180° — (70° + 79.2°) or 31.8°
c b
sinC ~ sin B
24 b
sin 70° ~ sin 31.8°
b~ 24 sin 31.8°
~  sin 70°
b = 13.46081025
Solution 2
B = 180° — (70° + 101.8°) or 8.2°
c b
sin C ~ sin B
24 b
sin 70° ~ sin 8.2°
b~ 24 sin 8.2°
~ sin 70°

b =~ 3.640196918
A =1782° B=2318°0b=13.5;A=101.8°
B=28.2°b=3.6
22. C = 180° — (40° + 60°) or 80°

c _ _a c b
sinC ~ sinA sinC ~ sin B
20 o« 200 b
sin 80° ~ sin 40° sin 80° ~ sin 60°
_ 20 sin 40° _ 20 sin 60°
4= "ginso° b= sin 80°
a =~ 13.05407289 b =~ 17.58770483

C=80°%a=13.1,b=17.6
23. Since 90° = 90°; consider Case II.
12 = 14; no solution

159

24. Since 36° < 90°, consider Case I.
¢ sin B = 30 sin 36°
c¢sin B = 17.63355757
19 > 17.6; 2 solutions

b ¢
sin B ~ sin C
19 30
sin 36° ~ sin C
. 30 sin 36°
sin C = 19
. 30 sin 36°
— =1 22290
C = sin ( 19 )

C =~ 68.1377773
180° — = = 180° — 68.1° or 111.9°

Solution 1
A = 180° — (36° + 68.1°) or 75.9°
b _a
sinB ~ sinA
19 a
sin 36°  sin 75.9°
__ 19sin75.9°
a = "5in 36°
a =~ 31.34565276
Solution 2
A = 180° — (36° + 111.9°) or 32.1°
b a
sinB ~ sinA
19 a
sin 36° ~ sin 32.1°
__ 19sin 32.1°
sin 36
a =~ 17.1953669

A=1759°C=681°a=313;A=32.1°
C=111.9°,a =172

25. Since 107.2° = 90°, consider Case II.
17.2 > 12.2; 1 solution

a ¢

sinA = sin C
172 122
sin 107.2° ~ sin C

. _ 122 sin 107.2°

sinC="7,5

. 12.2 sin 107.2°
C =sin 1( 17.2 )

C = 42.65491459
B = 180° — (107.2° + 42.7°) or 30.1°

a b
sinA =~ sinB
172 b
sin 107.2° ~ sin 30.1°
_17.25in 30.1°
b= sin 107.2°

b = 9.042067456
B =30.1°, C = 42.7°,b = 9.0
26. Since 76° < 90°, consider Case I.
b sin A = 20 sin 76°
b sin A = 19.40591453
5 < 19.4; no solution
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27. Since 47° < 90°, consider Case I.
16 = 10; 1 solution

c _ _a

sinC ~ sinA

16 10
sin 47°  sinA

. 10 sin 47°
sinA = 16

. 10 sin 47°
o i —1(10sin 470
A = sin ( 16 )

A = 27.19987995
B = 180° — (47° — 27.2) or 105.8°

c b
sinC ~ sin B
6 b
sin 47° ~ sin 105.8°
p — 16sin 105.8°
- sin 47°

b = 21,0506609
A=272° B=1058°0b=21.1
28. Since 40° < 90°, consider Case I.
¢ sin B = 60 sin 40°
¢ sin B = 38.56725658
42 > 38.6; 2 solutions

b ¢
sin B ~ sin C
42 60
sin 40° ~ sin C
. 60 sin 40°
sinC ="
o 60sin40°)
C = sin (742

C = 66.67417652
180° — « = 180° — 66.7° or 113.3°

Solution 1
A = 180° — (40° + 66.7°) or 73.3°
b _a
sinB ~ sinA
42 a
sin 40°  sin 73.3°
_ 42sin73.3°
Q= "in 400
a ~ 62.58450564
Solution 2
A =~ 180° — (40° + 113.3°) or 26.7°
b a
sinB ~ sinA
42 _ a
sin 40° ~ sin 26.7°
_ 42sin 26.7°
T sin 40°

a =~ 29.33237132
A=173.3°C=66.7,a=626;A=26.7°
C=113.3°,a = 29.3

29. Since 125.3° = 90°, consider Case II.
32 = 40; no solution

21.7 19.3
30. sin57.4°  sinx
. _ 19.3sin57.4°
sin x = o7
o ,1< 19.3 sin 57.4°>
X = sin K

x =~ 48.52786934
0 =~ 180 — (57.4° + 48.5°) or 74.1°

217 y
sin 57.4° ~ sin 74.1°
21.7 sin 74.1°
Y = T sinsrae 19.3cm

y = 24.76922417

24.8 cm
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31.

32.

a b

sinA ~ sinB

5 20
sin 29° ~ sin B

. 20 sin 29°
sin B="";

. 20 sin 29°
— —1( 22t ad
B = sin ( 15 )

B =~ 40.27168721
180° — « = 180° — 40.3° or 139.7°

Solution 1
C = 180° — (29° — 40.3°) or 110.7°
a _ [4
sinA ~ sinC
5 c
sin 29° ~ sin 110.7°
__ 15sin110.7°
- sin 29°

c ~ 28.93721187
Perimeter =a + b + ¢

~ 15 + 20 + 28.9 or about 63.9 units

Solution 2
C ~ 180° — (29° — 139.7°) or 11.3°
a _ C

sinA ~ sinC

15 c
sin 29° ~ sin 11.3°

__15sin11.8°
c= sin 29°

c = 6.047576406
Perimeter =a + b + ¢
~ 15 + 20 + 6.0 or about 41.0 units

b a
sinB ~ sinA
13 15
sin 55° ~ sin A
. 15 sin 55°
sin A = 13

A= Sinil( 15 Sf; 55")
A =70.93970395
180° — o« = 180° — 70.9° or 109.1°
Solution 1
C = 180° — (70.9° + 55°) or 54.1°
b c

sinB ~ sinC

13 c
sin 55°  sin 54.1°
__ 13sin54.1°
- sin 55°

c ~ 12.8489656
Perimeter =a + b + ¢
~ 15 + 13 + 12.8 or about 40.8
Solution 2
c %b180° — (109.1° + 55°) or 15.9°
c

sin B ~ sin C

13 c
sin 55°  sin 15.9°
__13sin15.9°
- sin 55°

c =~ 4.35832749
Perimeter =a + b + ¢
~ 15 + 13 + 4.4 or about 32.4
A =170.9°, B =55°C=54.1°



33. side opposite 37° = 15 + 18 or 33
side between 6 and 37° = 15 + 22 or 37
Let x = the measure of the third angle.

33 37
sin 37° ~ sinx
. _ 37sin 37°
sin x = 33
_ s —137sin37°
X = sIn ( 33 )
x =~ 42.43569405

6 =~ 180 — (37° + 42.4°) or about 100.6°

34a. a < bsinA 34b. a = bsin A
a < 14 sin 30° a = 14 sin 30°
a<T7 a=Tora=14

a>bsinA
a > 14 sin 30°
a>T7anda < 14
T<a<1l4
1845 140
sin x
140 sin 59°
1845

34c.

35. sin 59°

sin x =
= s 1(5222)
x =~ 40.57365664
0 =~ 180° — (59° + 40.6°) or about 80.4°
90° — 80.4° = 9.6°
36a. 12° < 90° and 316 > 450 sin 12°; 2 solutions

316 450
sin 12° ~ sin@

., 450sin12°
sin 0 = 316

= sin*1< 450;1(15 12°)
0~ 17.22211674
180° — o« = 180° — 17.2° or 162.8°
turn angle = 180° — 162.8° or 17.2°
about 17.2° east of north
36b. 6 = 180° — (162.8° + 12°) or about 5.2°

x 316

sin 5.2°  sin 12°

_ 316sin5.2°
sin 12°
x ~ 138.3094714
d=rt
138.3 = 23t
6.013455278 = t; about 6 hr

36c. 180° — 20° = 160°
180° — (160° + 12°) = 8°

200 ¢
sin 8° ~ sin 160°
200 sin 160°
c= sin 8° 20°

¢ =~ 491.5032301
Since 491.5 # 450, the ship
will not reach port.

161

37. Distance from satellite to center of earth is 3960 +
1240 or 5200 miles.
angle across from 5200 mi side = 45° + 90° or 135°

5200 3960
sin 135° ~ sinx
. 3960 sin 135°
sSin x = 5200
. _1(3960 sin 135°)
X = SIn 5200

x =~ 32.58083835

0 =~ 180° — (135° + 32.6°) or about 21.4°
zzg‘, (2 hours) = 0.0689953425 hours or about 4.1
minutes

38. P turns 20(360°) or 7200° every second which
equals 72° every 0.01 second.

PR OP
sin 0 ~ sin Q@
5 5
sin 72° sin.Q
sin Q _ 5511n572
Q= sin’l(S 51;1572")
@ =~ 18.48273235
mOP = 180° — (72° + 18.5°) or about 89.5°
QO  PQ
sin P~ sin O
QO 15
sin 89.5°  sin 72°
15 sin 89.5°
QO ~ TsinTee

QO = 15.77133282
Q@O — 5= 15.8 — 5 or about 10.8 cm

39a. b<csinB
12<17sin B
% <sin B
sin"13 <B
4490087216 < B
B > 44.9°
39b. b=csinB
12 =17 sin B
2 —-sinB
io—-112
sin~! {7 =
44.90087216 =~ B
B = 44.9°
39c. b>csinB
12 > 17 sin B
% > sin B
.12
sin"l177>B
44.90087216 > B
B < 44.9°
40. Area of rhombus = 2(Area of triangle)
triangle:
K =3bcsin A

K = 5(24)(24) sin 32°

K ~ 152.6167481
rhombus:
A = 2(152.6) or about 305.2 in?
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41. tan 22° = -~
__7
X = Yan 22°
x =~ 185.6 m
42.3;51] 4 -4 13 -6
2 -1 6
4 -2 12 0o
452 — 2x + 12 =10
_ 2x V(=22 - 4#(12)
x = 2(4)
2 +V-188
="
2 + 2iV47
x="g
_1xiVaT
x= 4
43. no
3x 3x x—1 4x — 1
x71+1 x—1+x—1 xxfl 4x — 1
3x = 9x = 9x = o #X
3(x—1) x—1 x—1
44, bx — 2y =9 y=3x—-1
5x —2(B8x—1)=9 y=3(-7-1
bx —6x +2=9 y=—22
x= -1
(=7, -22)
45. —2x + 5y =17
2 7
y=3x+t73m

perpendicular slope: f%
e e I O)
y—4= —gx — 15

2y — 8= —-bx — 30
5x + 2y = =22
46. Perimeter of XYZ =4 + 8 + 9 or 21
length of AB = % of perimeter
=@ or7

The answer is 7.

5-8 | The Law of Cosines

Pages 330-331 Check for Understanding

1. The Law of Cosines is needed to solve a triangle if
the measures of all three sides or the measures of
two sides and the included angle are given.

2. Sample answer: 1in., 2 in., 4 in.

3. If the included angle measures 90°, the equation
becomes ¢2 = a2 + b2 — 2ab cos C. Since
cos 90° = 0, ¢2 = a2 + b2 — 2ab(0) or ¢2 = a2 + b2

Chapter 5
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4. Sample answers:

A A = 180° — (90° + 53°) or 37°
. b
sin B = "
10 c sin 53° = %
10
chb B €= Sin53°
a ¢~ 12.52135658
tan B = %
tan 53° = 17?
10
@ = tan53°

a = 7.535540501
A=37,a="175c~=125

A C :b 180° — (5.5° + 45°) or 80°
a
sinB ~ sinA
b 10
b ¢ sin 45° ~ sin 55°
_ 10sin 45°
c 5 b="Gns
10 b = 8.6321799
c _ _a
sinC =~ sinA
c _ 10
sin 80° ~ sin 55°
_ 10sin 80°
~  sin55°
c =~ 12.0222828

C=80°b=~286,c~12.0
2=a%2+ b2 - 2abcos C
c2 =102 + 82 — 2(10)(8) cos 50°
2 = 61.15398245
¢~ 7.820101179

a ¢
A sinA = sinC
10 18
sinA ~ sin 50°
8 C . __ 105sin 50°
) sinA~——_5
50 . _1( 10 sin 50°
c m B A~=sin 1( 78 )

A = 78.4024367
B = 180° — (78.4° + 50°) or 51.6°
A=T784°, B=516°c¢c~=17.8
5. a2 =b%2+ ¢2 - 2bccos A

322 = 382 + 462 — 2(38)(46) cos A
322 — 382 — 462

—2(39)46) cos A
_q( 322382462\ _
cos ( “avae ) = A
43.49782861 =~ A
a b
sinA =~ sinB
32 38
sin 43.5° ~ sin B
. 38 sin 43.5°
sin B = a9
. —1(38sin 43.5")
B = sin (732
B =548

C = 180° — (43.5° + 54.8°) or 81.7°
A =43.5° B=54.8° C=81T7°



6. c2=qa2+ b2 — 2abcos C

10.

c2 = 252 + 302 — 2(25)(30) cos 160°
c? ~ 2934.538931
¢~ 541713848

c _ _a
sinC ~ sinA
542 25
sin 160° ~ sin A
. 25 sin 160°
sinA~""7
. 25 sin 160°
= -l =
A = sin ( 54.2 )
A=91

B = 180° — (9.1° + 160°) or 10.9°
A=09.1°B=10.9°%c=54.2

. The angle with greatest measure is across from

the longest side.
212 = 182 + 142 — 2(18)(14) cos 6
212 — 182 — 142

“sasyae —cosd
_1(21%2 - 182 — 142\ _
cos ( —2(18)(19) )=
81.0 =46
about 81.0°

. s=52+T+8 =85

K=V85(85—2)(85— 7)(85— 8)
~ 6.4 units?

. 5=3(25+ 13+ 17) = 275

K= \/27.5(27.5 — 25)(27.5 — 13)(27.5 — 17)
=~ 102.3 units?
a2+ b2 =¢?
65 ft 652 + 652 = ¢2
8450 = ¢?
c 91.92388155 = ¢
65 ft
0

a? = b2+ ¢%2 — 2bccos
652~ 652 + 91.92 — 2(65)(91.9) cos §
652 — 652 — 91.92

65019  ~cosf

_qf 652 — 652 — 91.92
cos 1(7) ~0

—2(65)(91.9)
45.01488334 ~ 0

65 ft

/45.00

2 =a?+ b2 - 2abcos C

c2 =~ 652 + 502 — 2(65)(50) cos 45.0°
c2 =~ 2128.805922

c~46.1ft

Pages 331-332 Exercises
11. a? = b2 + ¢2 — 2bccos A
a? =172 + 102 — 2(7)(10) cos 51°
a? ~ 60.89514525
a =~ 7.803534151

a b
sinA = sinB
78 1
sin 51°  sin B
. 7 sin 51°
sin B~ —¢
. 7 sin 51°
= - =
B = sin ( 78 )

B =~ 44.22186872

C = 180° — (51° + 44.2°) or 84.8°
B=442° C=84.8°a="17.8
12. 2 =qa2+ b2 - 2abcos C
72 =52 + 62 — 2(5)(6) cos C
72 _ 52 _ 62
TaG)e = C0s C

Ry N
cos ( 2606 )‘C

78.46304097 = C

a _ [
sinA = sinC
5 T
sinA ~ sin 78.5°
. 5 sin 78.5°
sin A = f
. _1(5sin 78.5°
A = sin 1(f)

A =~ 44.42268919
B =~ 180° — (44.4° + 78.5°) or 57.1°
A =44.4° B=57.1° C="1785°

13. 2 =qa2+ b2—- 2abcos C
72 = 42 + 52 — 2(4)(5) cos C
72 — 42 —_ 52
— s =cos C

—2(4(6)

_ 72 — 42 — 52
cos ("o ) = C
101.536959 =~ C

a ¢
sinA ~— sin C
4 1T
sinA ~ sin 101.5°
. 4 sin 101.5°
sin A = f
. _1( 4sin 101.5°
A =~ Sln l(f)

A =~ 34.05282227
B = 180° — (34.1° + 101.5°) or 44.4°
A =34.1°, B= 44.4°, C = 101.5°
14. b2 = a2 + ¢2 — 2ac cos B
b2 = 162 + 122 — 2(16)(12) cos 63°
b2 = 225.6676481
b = 15.02223845

a b
sinA = sinB

16 150
sinA ~ sin 63°
. 16 sin 63°
sinA~"71:5

. 16 sin 63°
= - ==
A = sin ( 15.0 )

A =~ 71.62084388
C = 180° — (71.6° + 63°) or 45.4°
A=171.6° C=454°0b=15.0
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15. b2 =a? + ¢2 — 2accos B
13.72 = 11.4% + 12.22 —

2(11.4)(12.2) cos B
13.72 — 11.4%2 — 12.22
—2(11.4)(12.2)

1 13.72 — 11.4% — 12.22
cos 2(11.4)(12.2) =B

70.8801474 = B

=cos B

a b
sinA ~ sin B
L4137

sinA  sin 70.9°
11.4 sin 70.9°
13.7

. 11.4 sin 70.9°
~ i —1( 11480 70.9°
A = sin ( 157 >

A =~ 51.84180107
C =~ 180° — (51.8° + 70.9°) or 57.3°
A=51.8° B="170.9°C=57.3°
16. ¢2 = a2 + b2 — 2ab cos C
c2 = 21.5% + 132 — 2(21.5)(13) cos 79.3°
c2 = 527.462362
¢~ 22.96654876

sin A =

a ¢
sinA ~ sinC
21.5 23.0

sinA  sin 79.8°
21.5 sin 79.3°
23.0

. 21.5 sin 79.3°
~ wia—1(2L55sin 79.3°
A = sin ( 23.0 )

A ~ 66.90667662
B = 180° — (66.9° — 79.3°) or 33.8°
A =66.9°, B=33.8% ¢ = 23.0
17. 14.92 = 23.82 + 36.92 —
2(23.8)(36.9) cos 6

= cos 6

sin A =

14.9%2 — 23.8% — 36.92
—2(23.8)(36.9)

2 _ 2 _ 2
cos‘l( 14.9—2(223:.3;);(36.5)6'9 ) =90
13.75878964 ~ 0
about 13.8°
18. d;2 = 402 + 602 — 2(40)(60) cos 132°

d,? ~ 8411.826911

d, ~ 91.71601229

180° — 132° = 48°
dy? = 402 + 602 — 2(40)(60) cos 48°
d,? ~ 1988.173089

dy ~ 44.58893461
about 91.7 cm and 44.6 cm

1
19. s=5(4+6+8 =09

K=vV99 — 99 — 6)(9 — 8)
~ 11.6 units2

20. s =5(17 + 13 + 19) = 24.5

K=V245(24.5 — 17)(24.5 — 13)(24.5 — 19)
~ 107.8 units?

21. 5 = 2(20 + 30 + 40) = 45

K = V45(45 — 20)(45 — 30)(45 — 40)
~ 290.5 units?

22. 5 = 3(33 + 51 + 42) = 63

K =V63(63 — 33)(63 — 51)(63 — 42)
~ 690.1 units?
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23. s =3(174 + 138 + 188) = 250

K=V250-76-112 - 62
~ 11,486.3 units?

24, s =5(11.5 + 13.7 + 12.2) = 187
K =\V/187(18.7 — 11.5)(18.7 — 13.7)(18.7 — 12.2)

~ 66.1 units?
25a. d? = 302 + 482 — 2(30)(48) cos 120°
d? = 4644
d =~ 68.11in.

25b. Area of parallelogram = 2(Area of triangle)
K = 5(30)(48) sin 120°
K = 623.5382907
2K =~ 2(623.5382907) or about 1247.1 in?
26a. s = (15 + 15 + 24.6) = 27.3

K =V217.3(27.3 — 15)(27.3 — 15)(27.3 — 24.6)
=~ 105.6
Area of rhombus = 2(105.6) = 211.2 cm?

26b. 24.62 = 152 + 152 — 2(15)(15) cos 0
24.62 — 152 — 152
—2(15)(15) = cos 0
_1( 24.6% — 152 — 152
R R

110.1695875 = 0
180° — 110.2° = 69.8°
about 110.2°, 69.8°, 110.2°, 69.8°
27. The angle opposite the missing side = 45°.
x% = 4002 + 902 — 2(400)(90) cos 45°
x% ~ 117,188.3118

x =~ 342.3 ft
28.
74 ft
X 38 ft
[
| 88 ft |
382 = 742 + 882 — 2(74)(88) cos 0
382 — 742 — 882
“o(ayes) |~ cost
_1( 382 — 742 — 882
cos™ (" s ) =0

25.28734695 = 0
side opposite
hypotenuse

sin 25.3° ~ -~

31.60970664 = x
about 31.6 ft

29a. x2 = 1002 + 2202 — 2(100)(220) cos 10°
x2 =~ 15,068.45887
x =~ 122.7536511
about 122.8 mi

(100 + 122.7536511) — 220 = 2.7536511
about 2.8 mi

sin § =

29b.



30. 202 ft
180.25 ft

201.5ft

158 ft
125 ft

I: K = 5(201.5)(202) sin 82.5°

K =~ 20,177.3901
II: x2 = 201.52 + 2022 — 2(201.5)(202) cos 82.5°
x2 = 70,780.6348
x =~ 266.046302
y2 = 1582 + 180.252 — 2(158)(180.25) cos 75°
y2 =~ 42.711.98851
y =~ 206.6687894
206.72 =~ 266.02 + 1252 —
2(266.0)(125) cos 6

=~ cos 0

206.72 — 266.02 — 1252
—2(266.0)(125)

_1( 206.72 — 266.02 — 1252 ) ~0
cos —2(266.0)(125) =~

48.93361962 ~ ¢
~ 1(266.0)(125) sin 48.9°
K ~ 12,536.58384
IIT: K = 5(180.25)(158) sin 75°

K = 13,754.54228
Area of pentagon = I + II + III
~20,177.4 + 12,536.6 + 13,754.5

~ 46,468.5 ft
31. I 242 = 352 + 402 — 2(35)(40) cos §
24% — 352 — 402
“o@5)@0)  — cosf
1 [ 24% — 352 — 402
cos ™ (* a0 ) =
36.56185036 ~ 0
1I: 242 = 302 + 202 — 2(30)(20) cos 0
24% — 302 — 202
2o~ cost

_1(24% — 302 — 202
cos (M 550e ) =0
52.89099505 =~ 0
the player 30 ft and 20 ft from the posts

. 20,000
32a. sin6° = — —

20,000
~ sin6°

x =~ 191,335.4 ft

32b. sin 3° = ﬁvyﬂ

_ 15,000
sin 3°
y =~ 286,609.8 ft
32¢. 6° — 3° = 3°
d? =~ 191,335.42 + 286,609.8% —
2(191,335.4)(286,609.8) cos 3°
d? ~ 9,227,519,077
d = 96,060.0 ft
33. Since 63.2° < 90°, consider Case I.
b sin A = 18 sin 63.2°
bsin A = 16.06654473
17 > 16.1; 2 solutions

side opposite

34. tan § = side adjacent
570
tan 0 = 75,
570
— -1 ==
6 = tan™ " 7,
0 =~ 39.2°

35. —775° + 2(360°) = —55°
reference angle = 0—55°0or 55°

36.30 1 -7 -k 6
3 —12 -36 — 3k
1 —4 -12 -k 0-30 — 3k
-30—-3k=0
k=-10
5t —t
37.m =355
4t 4
m =g ory
222\ 3 9346
3. (%) =
_ &b

=3

The correct choice is A.

5gg | Graphing Calculator Exploration:
Solving Triangles

Page 334
1. AB=~12.1, B~ 25.5°, C =~ 119.5°
2.

y y

40 C

40

51° X 51° X
OlA(0,0) 50 B(50,0) OlA(0,0) 50 B(50,0)

Find y using AC.

y = (tan 51°)x

Find y using BC.
40 50

sin 51° ~ sin C

sin C = 50 SZL)SI

C= Sin,1(50 528510)
C=176.27180414
B= 80— 51— 76.27180414
~ 52.72819586
Yy

tan(180 — 52.72819586) ~

(x — 50) tan(127.2718041) = y
Set the two values of y equal to each other.
(tan 51°)x ~ (x — 50), tan 127.2718041°
(tan 51°)x = x(tan 127.2718041° —
50(tan 127.2718041°)
—50(tan 127.2718041°)
X ™ tan 51° — tan 127.271804°
x = 25.77612538
y = (tan 51°) (25.77612538) =~ 31.83086394

Chapter 5



C could also equal 180 — 76.27180414 or
103.728195°
B =180 — 51 — 103.7281959°
=~ 25.2718041
y

tan (180 — 25.2718041) = =

(x — 50) tan 154.7281959° = y
Set the two values of y equal to each other.
(tan 51°) x = (x — 50)tan 154.7281959°
(tan 51°) x = x(tan 154.7281959°) — 50(tan
154.7281959°)
—50(tan 154.7281959°)

X = ‘tan 51° — tan 154.7281959°

x = 13.82829048
y =~ (tan 51°) (13.82828048)

~ 17.07651659

B =527, C=176.3° b= 40.9; B~ 25.3°
C = 103.7°, b = 220

. Law of Cosines
. Sample answer: put vertex A at the origin and

vertex C at (3, 0).

Chapter 5 Study Guide and Assessment

Page 335 Understanding and Using the
Vocabulary
1. false; depression 2. false; arcosine
3. true 4. false; adjacent to
5. true 6. false; coterminal
7. true 8. false; Law of Cosines
9. false; terminal side  10. true

Pages 336-338
11.

12.

13.

Skills and Concepts

57.15° = 57° + (0.15 - 60)’
=57+ 9
57° 9’
~17.125° = —(17° + (0.125 - 60)")
= —(17° + 7.5
= —(17° + 7' + (0.5 - 60)")
= —(17°+ 7' + 30"
—17° 7' 30"
860° 1146°
s607 = 2-39 14. 5e0 ~ 3.18
« + 360(2)° = 860° x + 360(3)° = 1146°
« + 720° = 860° « + 1080° = 1146°
« = 140°% 11 x = 66% 1

Chapter 5
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15.

16.

17.

18.

19.

20.

21.

22.

23.

—156°

260r = —0.43
« + 360(—1)° = —156°
o« — 360° = —156°
o = 204° 111
998°
s60r = 2.77

« + 360(2)° = 998°
« + 720° = 998°

o« = 278°% IV
—300°
2e0- =~ —0.83
o + 360(—1)° = —300°
o — 360° = —300°
x = 60° I
1072°
s60. = 2.98
* + 360(2)° = 1072°
o + 720° = 1072°
o = 352° IV
654°
ae0° = 1.82

« + 360(1)° = 654°
« + 360° = 654°

« = 294° IV
—832°
2600 =~ —2.31
* + 360(—2)° = —832°
o — 720° = —832°
o« = —112°

360° — 112° = 248°; II1
—284° has terminal side in first quadrant.
360° — 284° = 76°

o + 360(1)° = 592°
o« + 360° = 592°
o = 232°
terminal side in third quadrant
232° — 180° = 52°
(BC)? + (AC)* = (AB)*
152 + 92 = (AB)?
306 = (AB)?
V306 = AB
3V34 = AB

opposite side
hypotenuse

. adjacent side
sin A = cos A = hypotenuse
5V34 A _ 9 3V34

34 COos = 3v34 or 34
side opposite

side adjacent

15 5
tanA = -5 org

inA = 15
sin = 3V34 or

tan A =



24.

25.

26.

27.

28.

(PM)? + (PN)” = (MN)?
82 + 122 = (MN)?
208 = (MN)2
V208 = MN
4V'13 = MN
. opposite side
sin M = Thypotenuse cos M
) 12 3V13
sin M = /5 or 13 cos M
side opposite
tan M = side adjacent cse M
tan M = 1752 or g cse
hypotenuse
sec M = side adjacent cot M
4\ﬁ Vi3
sec M = or —g cot M =
(MP)? + (PN)2 = (MN)?

(MP)2 + 10% = 122
(MP)2 = 44

MP = V44 or 2V11
opposite side
hypotenuse

. 10 5
sin M = 12 Or &

sin M =
side opposite
tan M=
tan M =
sec M =

side adjacent

10 5V11

2vil O 11
hypotenuse

side adjacent
12 6V 11
ovin OF 11

csc M =

sec M =

sect = 5

cos = __ &

~| ot

1
cos = 7 or
5

r= \/x2+y2
r=%V32%+ 32
r=V18or 3V2

. y
sin f = 7

®

cos =

sin 0 =

a2k

sin 0 =
.
csce—y -

701‘\/_ sech =

X
cotG—y

csc = \[

cot0=%or1

r= V212

— V(B T 12
r=V169 or 13

. J _x
sin f = 7 cos ) =7

sinv = 13 Cos U = 13 or 13

cscf = y secl =
13 13 13

cscd =75 sec = —5 or =5

cos M =

cos M =
csc M =

cot M =
cot M =

adjacent side
~  hypotenuse
2V13
13

8
= 4v13 OT
hypotenuse
~ side opposite
4V13 V13
12 Oor 3
side adjacent
side opposite

2
2°r3

adjacent side
hypotenuse

2\/_ Vit

OI‘T

hypotenuse

side opposite
6

10 ory

side adjacent

side opposite

2\/_ Vit
or 5~

J
tan 6 =

tan 0 = 3orl

or V2

J
tan 6 =
12 12

tan0=f50r 5

X
cotﬁ—y

-5 5
cot§ = 75 or —75

167

29. r = Va2 + y?
=Ve& + (-2)?
=V68or2V17
sin 6 = cosO=; tan 6 =
. -2 8 -
51n0=2\/ﬁ cosB=2\/ﬁ tane—?2or—4
. 17 4T
sinf = ——— cos = —~
r r
cs00=; secf =
csch = 2\/_ r—Vi1 secf = mgﬁo %
cotﬁ—*
cot 6 = 2010—4
30. r = Va2 + 52
r="V(-2)?+ 0%
r=V4or?2
sin0=% cos 0 = — tan 6 =
sin0=gor0 cosﬁ—%or—l tane—%oro
cscﬁzi secf = cot 0 =7
cscﬂ=% sec9=_i2or—1 cot0=%2
undefined undefined
31.r = Va2 + 2
r="V42 + 52
r=Vi4l1
sine—% cosﬁ—f tan0=%
. 5
sm0=ﬁ cos0=& tan0=g
. 5V41 4V41
sinf = — cos = — 7
csc0=; secf = cot0=§
cscﬁ=g secﬁ=@ cot0=%
32. r = Va2 + 2
= VEH? + (-9
106
sin@—% cos@—% tanﬁ—Z
. -9 -5
sm(izm cos@zﬁ tan 0 = 2org
. ~ 9V106 _ 5V106
sin § = — ¢ cosf = — 55
cscﬁ—f sec0=i
V106 V106 V106 106
csc@—i_9 or ——g sec f = 5 Oor——5
cot0=—
cot 6 = 901rg
33.r = Va2 + 42
r="V(=4)? + 42
r=V32o0r4V2
sinf = cosﬁz% tan 0 =
sin0=ﬁ cos0=4;\;% tan0=%or—1
siHGZ% cosﬁz—%
csc0=§ sec@—é cotﬁ—f
csc0*¥ secG*L\f cotez%or—l
csch=V2 sec = —\V2
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34. r = Va2 + y2
r="V5?%+ 02

r=V225o0rb
sin0=% cosﬁ=§ tan0=%
sin0:%0r0 cost9=§or1 tan0=%or0
r _r _x
cscﬂfy secf = cotﬂfy
cscﬁ—% sec@=%or1 cotﬁ—%
undefined undefined
35.c0s0=% r2 = x2 + y2
3
cosf = —¢ 82 = (—38)2 + 2
x=-3,r=8 55 = y2
Vb5 =y
Quadrant 11, soy = V55
sin0:% tan0:%
. V55 V55 V55
sm0=T tan0=f30r—T
_r _r _x
cscﬁ—y secf = cot@—y
8 8 8 -3
cs00=ﬁ secf = —gor —3 cot0=ﬁ
078\/% t07_3\/%
cscf ="~ cot = ——-—
36.tan0—% r2 = x2 + y2
tan 6 = 3; Quadrant IIT r2 = (—1)2 + (-3)2
y=-3x=-1 r2 =10
r=V10
sin0=% cos@=% csc0=£
o, =3 -1 _ V1o V10
s1n0—ﬁ cosﬁ—ﬁ CSCO—?OI'_T
. 6)__3\/E 0__@
sinf = —— = cosf = m
r X
sect9=g/_ cot0=;
sect9=7v1100r—\/10 cot0=%org
. b .
317. sin B =7 38. sin A = %
. b . 24
sin 42° = 75 sin 38° = ——
15sin42° =0 csin 38° = 24
10.0 = b =2
sin 38°
¢~ 39.0
b
39. tan B = 40. 30°, 210°
o 24
tan 67° =
atan 67° = 24
_ 24
@ = Yan67°
a=10.2
41. 180°
42. A + 49° = 90°
A = 41°
b
tan B = cosB=%
b 6
tan 49° = 4& cos 49°:17
16 tan 49° = b ccos 49° = 16
_ 16
18.4~=1b C = s do
c=24.4

A=41°,b=184,c =244
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43.

44.

45.

46.

47.

48.

49.

50.

b
a’ + b2 =2 cos A=
a? + 152 = 202 P
a=V175 €0 4 =730 .
a=13.2 A = cos™! 0
A = 41.4°
41.40962211° + B = 90°
B = 48.6°
a=132,A=41.4°, B = 48.6°
64° + B = 90°
B = 26°
. b
sin A = % cosA =7
. a b
sin 64° = 5o cos 64° = oo
28 sin 64° = a 28 cos 64° = b
252 =aqa 12.3=0b
B=26°a=252,b=123
A = 180° — (70° + 58°) or 52°
b _a c _a
sinB = sinA sinC ~ sinA
b 84 ¢ 84
s$in 70° _ sin 52° sin 58°  sin 52°
_ 84 sin 70° _ 84 sin 58°
~ sin 52° €= Tgns2e

b =~ 100.1689124
A =52°b=100.2,¢c=904

c =~ 90.39983243

A = 180° — (57° + 49°) or 74°
a c b c
sind _ sinC sinB _ sinC
a 8 b 8
sin 74° ~ sin 49° sin57°  sin 49°
8 sin 74° 8 sin 57°
4= Tgin49° = Tsin49°

a =~ 10.1891739
A=174°a=10.2,b=89
B = 180° — (20° + 64°) or 96°

1 2 sin B sin C
_Ea _—

b =~ 8.889995197

sin A
1 sin 96° sin 64°
—— 227 > 77
K= 2(]‘9) sin 20°

K =~ 471.7 units?

C = 180° — (56° + 78°) or 46°
K= %b2 sins?nslian C

k-l B

K =~ 175.6 units?

K= % bc sin A

K = 5(65.5)(39.4) sin 58.2°
K ~ 2488.4 units?

K= % acsin B

K = 5(18.4)(6.7) sin 22.6°
K ~ 23.7 units?



51. Since 38.7° < 90°, consider Case I.
¢ sin A = 203 sin 38.7°
csin A = 126.9242592
172 > 126.9; 2 solutions

a ¢
sinA = sin C
172 203
sin 38.7° ~ sin C

in C = 203 sin 38.7°
Sin = 172
203 sin 38.7°
— ===
C = sin ( 79 )

C =~ 47.55552829
180° — o« =~ 180° — 47.6° or 132.4°
Solution 1
B = 180° — (38.7° + 47.6°) or 93.7°
b

a

sinB _ sinA
b . 172
sin 937° ~ sin 38.7°
_ 172 sin 93.7°
~ sin38.7°
b = 274.5059341
Solution 2
B = (180°— (38.7° + 132.4°) or 8.9°
b _a
sinB = sinA
b _ 172
sin 8.9°  sin 38.7°
_ 172 sin 8.9°
b= sin 38.7°

b =~ 42.34881128
B =93.7°, C=47.6° b= 274.5; B = 8.9°,
C=132.4° b =423
52. Since 57° < 90°, consider Case I.
bsin A= 19sin 57°
bsin A = 15.93474074
12 < 15.9; no solution
53. Since 29° < 90°, consider Case I.
csin A = 15 sin 29°
csin A = 7.272144304
12 > 17.3; 2 solutions

a ¢
sinA = sinC
12 15
sin 29° ~ sin C
. 15 sin 29°
SlnC—T
15 sin 29°
— iyl
C = sin ( B )

C = 37.30170167
180 — « = 180° — 37.3° or 142.7°

Solution 1
B = 180° — (29° + 37.3°) or 113.7°
a b
sinA = sinB
12 b
sin 29°  sin 113.7°
_ 12 sin 113.7°
b~ sin 29°
b= 22.6647614
Solution 2
B = 180° — (29° + 142.7°) or 8.3°
a b
sinA ~— sin B
12 b
sin 29°  sin 8.3°
12 sin 8.3°
b= sin 29°

b =~ 3.573829815
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54.

55.

56.

57.

B =113.7°, C = 37.3° b = 22.7,
B=8.3°C=142.7°,b = 3.6

Since 45° < 90°, consider Case 1.
83 > 79; 1 solution
e _ b
sinA ~ sinB
83 19
sin 45° ~ sin B
. 79 sin 45°
sin B=—g3—
79 sin 45°
— qip-1 (T2sinds®
B = sin ( 23 )

B =~ 42.30130394
C = 180° — (45° + 42.3°) or 92.7°
c

a

sind ~ sinC
83 c
sin45°  sin 92.7°
83 sin 92.7°
€~ Tsin45°

¢~ 117.2495453
B=42.3° C=92.7°¢= 1172
a?=b2+ 2 — 2bccos A
a? = 402 + 452 — 2(40)(45) cos 51°
a? =~ 1359.446592

a =~ 36.87067388

a b
sinA ~ sin B
36.9 40
sin 51° ~ sin B
. 40 sin 51°
sin B~ —%z5—
40 sin 51°
e ai—1(40sin51°
B = sin ( 369 )

B ~ 57.39811237
C = 180° — (51° + 57.4) or 71.6°
a=136.9 B=0574°C = 71.6°
b2 =a? + ¢2 - 2accos B
b2 =512 + 612 — 2(51)(61) cos 19°
b2 ~ 438.9834226
b =~ 20.95193124

b a
sinB ~ sinA
21.0 51
sin 19° ~ sin A
. 51 sin 19°
sin A = 210
51 sin 19°
o o1 (BLsin19°
A = sin ( 210 )

A = 52.4178316
C = 180° — (52.4° + 19°) or 108.6°
b=21.0,A=524° C=108.6°
2 =a?+ b2 - 2abcos C

202 = 112 + 132 — 2(11)(13) cos C
202 — 112 — 132
—2(11)(13)

202 — 112 — 132
_l a2 - e .
cos ( —2(1)(13) ) =C

112.6198649 = C

=cos C

a ¢
sinA ~— sin C
11 20

SinA - sin 112.6°
. 11 sin 112.6°
sin A = — 90

A~ sin-1 (11 51112312,6")

A =~ 30.51023741
B = 180° — (30.5° + 112.6°) or 36.9°
A =30.5, B=36.9°, C=112.6°
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58. b2 = a2 + ¢2 — 2ac cos B
b2 = 422 + 6.5%2 — 2(42)(6.5) cos 24°
b2 = 1307.45418
b ~ 36.15873588

b
sin B~ sin C
36.2 6.5
sin 24° ~ sin C
. 6.5 sin 24°
sin C~ ——Fz5—

6.5 sin 24°
o i1 (8-Bsin24°
C = sin ( T )

C = 4.192989407

A = 180° — (24° + 4.2°) or 151.8°
b=36.2,A=151.8° C=4.2°

Page 339 Applications and Problem Solving

59a. sinf = 45

§ =sin~! %
0~ 41.8°
X
59b. cos 0 =15

cos 41.8° = %
12 cos 41.8° = x
8.94427191 = x
about 8.9 ft

60a. x2 = 4.52 + 8.22 — 2(4.5)(8.2) cos 32°
x2 = 24.9040505

x =~ 5.0 mi
8.2 5.0
60b. sinf - sin 32°
. 8.2 sin 32°
sin 0 = 50

8.2 sin 32°
~ i1 (SESmos
f = sin < 50 >

0 = 60.54476292
180 — 6 = 180 — 60.5 or about 119.5°

Page 339 Open-Ended Assessment
1. K= éab sin C

125 = %ab sin 35°
435.86 = ab
Sample answer: about 40 cm and 10.9 cm
2a. Sample answer: a = 10, b = 24, A = 30°,
10 < 24, 10 < 24 sin 30°
2b. Sample answer: b = 18; 10 < 18, 10 > 18 sin 30°

Chapter 5 SAT & ACT Preparation

Page 341 SAT and ACT Practice
1. There are several ways to solve this problem. Use
the Pythagorean Theorem on the large triangle.
(2y + 3y)% = 42 + 32

5Gy)2=16+9
25y2 = 25
2552 25
25 T 25

Chapter 5
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¥ =1
y==1

Since y is a length, use only the positive root.
Another method is to use the Triangle Inequality
Theorem. The hypotenuse must be shorter than
the sum of the lengths of the other two sides.
hy<3+ 4
by <7
Which of the answer choices make this inequality
true?
51)=56<17
5(2) = 10 > 7
The correct choice is A.

. If you recall the general form of the equation of a

circle, you can immediately see that this equation
represents a circle with its center at the origin.
(x—h)2+ @y —k2=r2

If you don’t recall the equation, you can try to
eliminate some of the answer choices. Since the
equation contains squared variables, it cannot
represent a straight line. Eliminate choice D.
Similarly, eliminate choice E. Since both the x and
y variables are squared, it cannot represent a
parabola. Eliminate choice C. The choices
remaining are circle and ellipse. This is a good
time to make an educated guess, since you have a
50% chance of guessing correctly. It represents a
circle. The correct choice is A.

. Use factoring and the associative property.

999 X 111 = 3 X 3 X n2
(9 X 111) X 111 = 3 X 3 X n?,
3 X3 X (111)2 =3 X 3 X n2,
So n must equal 111. The correct choice is C.

Since AABC is an equilateral triangle and one side
is 7 units long, each side is 7 units long. so AC = 7.
AD is the hypotenuse of right triangle ACD. One
leg is 7 units long. One angle is 45°, so the other
angle must also be 45°. A 45°—45°—90° triangle is
a special right triangle. Its hypotenuse is V2
times the length of a leg. (The SAT includes this
triangle in the Reference Information at the
beginning of the mathematics sections.) The
hypotenuse is 7V/2. The correct choice is B.



5. You need to find the fraction’s range of values,

from the minimum to the maximum. The
minimum value of the fraction occurs when a is as
small as possible and b is as large as possible.
Since the smallest value of a must be slightly
greater than 4, and the largest value of & must be
slightly less than 9, this minimum value of the
fraction must be larger than %. The maximum
value of the fraction occurs when a is as large as
possible and b is as small as possible. This

. 7
maximum must be smaller than — or 1. The
correct choice is A.

. Start by making a sketch of the situation.

9000
1:00 PMm.
9000
36,000
9000
10:00 A M.
9000

By 1:00 P.M. the pool is three-fourths full. Three
fourths of 36,000 gallons is 27,000 gallons. The
pool contained 9,000 gallons at the start. So
27,000 — 9,000 or 18,000 gallons were added in
3 hours. The constant rate of flow is 18,000
gallons =+ 3 hours or 6,000 gallons per hour. To
fill the remaining 9,000 gallons at this same rate
will take 9,000 gallons + 6,000 gallons per hour
or 1.5 hours. One and a half hours from 1:00 P.M.,
is 2:30 P.M. The correct choice is C.

. There are two right triangles in the figure. You
need to find the length of one leg of the larger
triangle, but you don’t know the length of the
other leg. Use the Pythagorean Theorem twice—
once for each triangle. Let y represent the length
of side AC.

In the smaller right triangle,

y2=42+62
y2 =16+ 36
x2 =52

You do not need to solve for y.
In the larger triangle,

102 = 22 + y2
100 = x2 + 52
x2 =48
x = V48
x=4V3

The correct choice is B.

8.

10.

Factor the polynomial in the numerator of the

fraction. Simplify the fraction. Solve for x.
x? + Tx + 12

x+ 4 =5
(x+3)(x+4)_
x+4 -
x+3=5
x=2

The correct choice is B.

C 30°

T A

T is on the circle, so OT is a radius of the circle.
The length of OT'is 3. Since TA is tangent to the
circle, ZOTA is a right angle, and AOTA is a right
triangle. In particular, AOTA is a 30°-60°-90° right
triangle. In a 30°-60°-90° right triangle, the length
of the hypotenuse is 2 times the length of the
shorter leg.

OA = 2(0T)
OC + CA = 2(0T)
3+ CA=203)or6
CA=3

The correct choice is B.

Draw a diagram from the information given in the
problem. Drawing a valid diagram is the most
difficult part of solving this problem. Your
diagram could be different from the one below and
still be valid.

Since two segments bisect each other, you know
the length of each half of the segment. Notice that
BD is a side of a right triangle. It is a 3-4-5 right
triangle. So BD = 3. The answer is 3.
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Chapter 6 Graphs of Trigonometric Functions

6-1 | Angles and Radian Measure

Pages 347-348
1.

10.

11.

13.

15.

Check for Understanding

v

y 2. 90°% +
37
g
N

. Divide 10 by 8.

. Let R = 2r. For the circle with radius R, s’ = Rf or
2rf which is 2(r6). Thus, s’ = 2s. For the circle
with radius R, A’ = 3R or 5(2r)20 which is
%(472)6 or 4(%r20). Thus, A’ = 4A.

. 240° = 240° X Tgiv 6. 570° = 570° X T5o

_ 4m _ 197
~ 3 - 6
3 3w 180°
o T2 X o
= 270°
~1.75 = —1.75 X 1>
= 100.3°
. reference angle: %ﬁ — T or %; Quadrant 2
. 3w Vo
STy = Ty
117 57
reference angle: =5~ — m or —; Quadrant 3
1w Vs
tan =g~ = 75~
s=rf 12. 77° = 77° X 100
5w 77
s = 15( 6 ) = 180
s =~ 39.3 in. s=rf
T
s = 15(@)
s =~ 20.2 in.
1 ™
A=5r% 14. 54° = 54° X 505
1 2w 3w
= 30.9(%) =T
A =~ 2.1 units? = %,2,9
1 3
A= 5(62)(5)
A =~ 17.0 units?
30° = 30° X Tgo0
_ T
6
s=rl
s=14 E)
s=0.Tm

Chapter 6

Pages 348-351 Exercises
16. 135° = 135° X oo 17. 210° = 210° X Jg0
_ 3w _
T4 ~ 6
o — o w o — o i
18. 300° = 300° X g5:  19. —450° = —450° X Jgo0
_ bm _ _bm
3 -2
20. —75° = —75° X g5 21. 1250° = 1250° X 755
5w 125w
12 - 18
T T 180° 11 11w 180°
22. 5 = X . 23. 37 =73 X5
= 105° = 660°
24,17 =17 x 2 25. —3.5=—3.5 X 1o
= 974.0° = —200.5°
w b 180° 180°
26. =55 = ~62 - 27. 17.5 =175 X ——
= —29.0° = 1002.7°
28. reference angle: 2w — %ﬁ or %; Quadrant 4
. bmw \/5
STyt = Ty
29. reference angle: -~ — mor %; Quadrant 3
T \/g
tan “g" = 73~
30. reference angle: %ﬂ — mor %; Quadrant 3
5w \/5
COS 7y = Ty
31. reference angle: %ﬁ — T or %; Quadrant 3
. I 1
sin 5~ = —3
32. MTW is coterminal with 2?“
reference angle: m — %ﬂ or %; Quadrant 2
tan MTW =-V3
197 . . . 5m
33. — is coterminal with =~
reference angle: w — %ﬂ or %; Quadrant 2
( 194) __Vs
cos| = )=~
34.s=r10 35.s=1r0
2w 5m
s = 14(?) s = 14(3)
s=~29.3cm s = 18.3 cm
36. 150° = 150° X g0 37. 282° = 282° X Jgo
_ bm _ 47w
~ 6 e
s=rl s=rf
5w 47
s=14<6) s=14(¥)
s~ 36.7cm s =~ 68.9 cm
38. 5 =10 39. 320° = 320° X 1500
3w 16w
s 14(‘11‘) =79
s=~12.0 cm s=rf
s = 14(*2")
s~ 178.2cm




40. r = 5
r=+(22)
r=11
41. s=rb
70.7 = ()
18.00360716 = r
42. 60° = 60° X 55
_ T
— 3
19
43. A =510
1 5
= 1a03(3)

A =~ 65.4 units?

45. A =312
1 m
A=5m(5)
A = 9.6 units?
47. 225° = 225° X Tg55
. 5m
T
A= %r20

1 5
4=3@(7)
A =~ 70.7 units?

w

78° = 178° X

180°
_ 13w
~ 30
s=rb
13m
s = 11(@)
s~ 15.01n.
d=2r
d =~ 2(18.0)
d = 36.0m
s=rb
ku
14.2 = r(g)

13.56 = r; about 13.6 cm

o — o )
44. 90° = 90° X 7505

[a

2= 1o

A r20
1 T
A=4e@2(3)
A = 380.1 units?
46. A =312
1 47

A= 5(12.52)(7)
A =~ 140.2 units?

48. 82° = 82° X Tg0=
_ Alw
=50

A= %ﬂe

1 417
A= 5(7.32)(ﬁ)
A =~ 38.1 units?

49a. s =r6 49b. A= 5%
6 =r(1.2) 1
5=r;5ft =36%(1.2)
A = 15 ft2
50a. 135° = 135° X 505 50b. A = %r20
3 1 3m
=7 A= 5(48.42)(7>
s=rf A~ 2757.8 mm?2
114 = r(%")
48.38 = r; about 48.4 mm
5la. A= % 51b. s = 10
1, s~ 12.2(0.2)
16 =5r%(0.2) s~ 24in.
150 = r?
12.247 ~r
about 12.2 in.
_ 1o _ 180°
52a. =512 52b. 3.4 = 3.4 X —
1 — o
15.3 = 5(3%)0 ~ 194.8
3.4 = 0; 3.4 radians
52c. s =10 53a. 225° = 225° X 1o
s = 3(3.4) _ 5w
s=102m B 4
s=rb
5m
s = 2(7)
s=T9ft

173

180°

53b. s=r0 2.5 =25 X
5 =20 =~ 143.2°
25=10
54. 330° = 330° X 7505
_ lm
= 6
s=rf s=rf
s =2(4%") 11.5 ~ 86
s~ 11.51n. 1.44 = 6; about 1.4 radians
55. s=rb 0.5~ 0.5 x 1o
10.5 = 22.90 =~ 26.3°

0.46 = 6; about 0.5

56a. 45° — 34° = 11° 56b. 45° — 31° = 14°
11° = 11° X 750 14° = 14° X g0
_ um _
~ 180 90
s=r0 s=rb
s = 3960(14r) s = 3960( 57
s =~ 760.3 mi s =~ 967.6 mi
56c. 34° — 31° = 3°
3% = 3° X Tpe
~ 60
s=r0
s = 3960( %)
s = 207.3 mi
57. 84.5° = 84.5° X [go» 80° = 80° X Tg0r
1697 4w
~ 360 9
s=r0 s=rb
s = 0.70( ) s=0.67(F)
s =~ 1.03 mi s =~ 0.94 mi
1.03 + 1.46 + 0.94 + 1.8 ~ 5.23 mi
58a. r = éd 1.5 rotations = 1.5 X 2w radians
1,1 = 3w radians
r=3(23)
r=125
s=r0
s = 1.25(3m)
s=11.8 1t
58b. s=r0 3.6 = 3.6 X o-
45 = 1.250 ~ 206.3°
3.6 =10
59a. 6 =21 — T or o
= érzﬁ
1 3
=55(5)
A = 530.1 ft2
59b. A=5r2
750 = 3r2(%)
318.3098862 ~ r?
17.84124116 =~ r; about 17.8 ft
Chapter 6



60. 3.5 km = 350,000 cm
s=rb
350,000 = 320

10,937.5 = 0; 10,937.5 radians

61. Area of segment = Area of sector — Area of triangle
1 .
:%rza—gr-r-smoz

1 .
= 57“2(01 — sin @)

62.5 =36 +8+12)
=13
K=Vs(s—a)(s— bs— o)
K=%V13(13 - 6)(13 — 8)(13 — 12)
K =V455
K~ 21.3in?
63. Since 152° = 90°, consider Case II.

10.2 = 12, so there is no solution.

64. C = 180° — 38° — 27° = 115°
560 _ _a
sin 115° ~ sin 27°
a =~ 280.52
. o X
sin 38° =~ 55,75
x =~ 172.7 yd
65. I, IT1

66a. Find a quadratic regression line using a
graphing calculator. Sample answer: y = 102x2
— 5056x + 18,430

2020 — 1970 = 50

vy = 102x2 — 505x + 18,430

y = 102(50)2 — 505(50) + 18,430

y = 248,180

Sample answer: about 248,180

66b.

67.

r 1 -3 -2 6 10
1 1 -2 —4 2 12
2 1 —1 —4 -2 6
3 1 0 —2 0 10
4 1 1 2 14 66

f(—x) = (—0)* — 3(—x% — 2(—x)% + 6(—x) + 10
f(—x) = x* + 3x3 — 222 — 6x + 10

3 -2 —6 10
2 —4 6
5 8 10 30
Sample answers: 4; —2
68. -2 1 6 12 12
-2 -8 -8
1 4 4] 4
No; there is a remainder of 4.
69. x2 + y2 =16 - a2 + b2 =16
x-axis o+ b2 =16
a? + (-b)? =16
a? + b2 = 16; yes
y-axis a2+ b2 =16
(—a)? + b2 =16
a? + b2 = 16; yes
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70.

71.
72.

y=x a2+ b2 =16

®)2 + (0)? = 16

a? + b2 = 16; yes

y=—x a2+ b2=16

(-b)2+ (—a)2 =16

a? + b2 = 16; yes

all
4x — 2y +3z= —6
bx — 4y — 3z = —T5
9x — 6y = —81

2(4x — 2y + 32) = 2(—6)
3(8x + 3y — 22) = 3(2)

8x — 4y + 6z = —12
9x + 9y — 6z = 6

—

17x + by = —6
5(9x — 6y) = 5(—81) 45x — 30y = —405
6(17x + by) = 6(—6) - 102x + 30y = —36
147x = —441
x= -3
9x — 6y = —81 4x — 2y + 3z = —6
9(—3) — 6y = —81 4(—=3) —2(9) + 3z= -6
y=9 z=28
(=3,9,8
b
Since ¢ < 0, —q > 0. Given that p > 0,

p—q=p+g0and p +0g0> 0. So the
expression p — ¢ is nonnegative.
The correct choice is B.

6-2

Linear and Angular Velocity

Page 355
1.

* 1 min

Check for Understanding

N\

2m radians
1rev

1 min
60 s

5 rev

3. Linear velocity is the movement along the arc

3

with respect to time while angular velocity is the
change in the angle with respect to time.

. Both individuals would have the same change in

angle during the same amount of time. However,
an individual on the outside of the carousel would
travel farther than an individual on the inside
during the same amount of time.

. .. 0 .
. Since angular velocity is 7, the radius has no

effect on the angular velocity. Let R = 2r. For
a circle with radius R, v’ = R or (2r)7 which is
2(7‘%). Thus v = 2v.

. 5.8 X 27 = 11.67 or about 36.4 radians
. 710 X 27 = 1420 7 or about 4461.1 radians
. 3.2 X 2w = 6.4mw

9. 700 X 27 = 1400w

_9 _9
W=y W=y
_ Bdm _ 1400w
W=7 @w= 15

w = 2.9 radians/s w =~ 293.2 radians/min



10.

V= Trw
v = 12(36)
v =4321n./s

11.

U =rw
v = 7(5m)
v = 110.0 m/min

12a. r = 3960 + 22,300 or 26,260 mi

s=rb

s = 26,260(2m)

s~ 164,996.4 mi
0

12b. v=r-

Pages 355-358
13.
14.
15.
16.
17.
18.
19.

21.

23.

t
v = 26,260(27)
v = 6874.9 mph

Exercises

3 X 2w = 67 or about 18.8 radians

2.7 X 27 = 5.47 or about 17.0 radians

13.2 X 27 = 26.4w or about 82.9 radians

15.4 X 27 = 30.8w or about 96.8 radians

60.7 X 2m = 121.4m or about 381.4 radians
3900 X 2 = 78007 or about 24,504.4 radians

1.8 X 2w = 3.6m
0

w=7

_ 3.6m
w= 9
w = 1.3 radians/s
17.2 X 2 = 3447w

w =

w |

_ 344w
w=

w =~ 9.0 radians/s

100 X 2 = 200
0

w=7

2007

T
w = 39.3 radians/min

20.

22.

24.

3.5 X 2w ="Tmw
_9
W=y
_
w=3

w = 7.3 radians/min
28.4 X 2w = 56.8m

w =

o~ |

_ 56.8m
w=

w = 9.4 radians/s

122.6 X 27 = 245.27
9

W=7

_ 2452w

@ = g7
w = 28.5 radians/min

1 revolution 2 radians .
25. 50 seconds 1 revolution 0.1 radian/s
500 revolutions 1 minute 27 radians
26. 1 minute 60 seconds 1 revolution 52'{1
radians/s
85 radians 60 seconds 1 revolution
217. 1 second 1 minute 2w radians 811.7 rpm
28. v =rw 29. v=row
v = 8(16.6) v = 4(27.4)
v = 132.8 cm/s v = 109.6 ft/s
30. v=rw 3l.v=row
v = 1.8(6.1m) v = 17(75.3m)
v = 34.5 m/min v = 4021.6 in./s
32. v =rw 33.v=row
v = 39(805.6) v = 88.9(64.5m)
v = 31,418.4 in./min v = 18,014.0 mm/min
120° 60 seconds 1 revolution
34a. 1 second 1 minute 360° = 20 rpm
34b. 120° = 120° X Tg05
_ 2w
-3
0
w = ? U =rw
2
20 v=5(% )
3
w= "7 v=10.51n./s
2
w =5

35a.

35b.

35c.

36a.

36bh.

37a.

37b.

38a.

In 1 second, the second hand moves 6*10(360°)

or 6°.
o _ po _m U
= 6° X 505 OF 35
v=rb
v = 30(%)
v = 3.1 mm/s

In 1 second, the minute hand moves

o () (360%) or 0.1°.

0.1° = 0.1° X Jass or S
v=rb
0.1m
v = 27(@)
v = 0.05 mm/s

In 1 second, the hour hand moves

5(e5)(5) (360°) or about 0.008°,

‘IT

0.008° = 0.008° X

v=rb

0.008™
v= 18( 180 )
v = 0.003 mm/s
r= %d

r = 5(80) or 40

0

v=ry
8 = 40(%")
t=31s
3 X 21 = 6m radians
0
v=ry
1/6m
v = 225(%)
v="T.1"ftls
_ b
v=ry
6T
3.1= r(a)
9.87 = r; about 9.9 ft
35° = 35° X Tgo0
_Im
~ 36

lighter child: w = 7

heavier child: w =

180° or

0.008
180

-
v=r]

v = 40(i—§)
v = 5.6 ft/s

1 minute = 60 seconds

37c. 7.1 — 3.1 = 4 ft/s

w =~ 1.2 radians/s
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38b.

39a.

39b.

40a.

40b.

41a.

41b.

42a.

42b.

lighter child: v = rw

v~ 9(1.2)

v = 11.0 ft/s
heavier child: v = ro

v = 6(1.2)

v="T3ftls
3 miles = 190,080 inches
r= %d s=rb
r =5(30) 190,080 = 156
r=15 12,672 = 6

1 revolution

12,672 X o ~ 2017 revolutions

2.75 revolutions 60 seconds 60 minutes 2w radians
second 1 minute 1 hour 1 revolution
= 19,8007 radians/hour
U =rw
v = 15(19,800m)
v =~ 933,053.0181
933,053.0181 inches % 1 mile ~14.7 rnph
Mercury: Venus:
0 0
v=ry v=ry
2w 2w
v= 2440(1407.6) v= 6052(5832.5)
v =10.9 km/h v = 6.5 km/h
Earth: Mars:
0 0
v=ry v=ry
2w 2w
v = 6356(23. 35) v = 3375(24.623)
v = 1668.5 km/h v = 861.2 km/h

The linear velocity of Earth is about twice that
of Mars.

6 =10, cos wt

0= %cos t
=%cos*rrt

0= feos Tt

0 = cos wt
_ 37
wt = B

u
= or

1 3
t=5o0r05s t=5orlbs

3960 + 200 = 4160 miles

C = 2mr t = C + speed
C = 2mw(4160) t =~ 26,138.05088 + 17,000
C =~ 26138.05088 t = 1.537532405
o=?
o 2m
@ 154
w = 4.1 radians/h
w= % t = C = speed
1=2 2 = 9mr + 17,000
5=t 5(17,000) = 277
ful
5 (17,000)
2 =r
4250 =r

4250 — 3960 = 290; about 290 mi
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42c.

43a.
43b.

44.

45.

46.

47.

48.

3960 + 500 = 4460; C = 2m(4460) or
28023.00647

t = 28,023.00647 + 17,000 or 1.648412145
0

w=t
~21’r
@ =165
w= 3.8

Its angular velocity is between 3.8 radians/h and
4.1 radians/h.

B clockwise; C counterclockwise
0
Uy = rA(;)A
120
Uy = 3.0(T)
v, = 360
The linear velocity of each of the three rollers is
the same.
0 0
=T B(?)B Uc=T c(?)c
0B 0C
360 = 2.0 - 2 360 = 4.8 -
180 = 0 75 =0,
180 rpm 75 rpm
105° = 105° X g00
_Im
T 12
A=5r%
1 T
A=1125(5)
A =~ 47.5 cm?
r= %d
1
r=35(7.3)
r=3.65
/
N
0 = 360° + 10 or 36°
. x y
sinf = cos =
. x y
sin 36° = 3= cos 36° = 35=
x =~ 2.145416171 y = 2.952912029
= Sbh

A =~ 3(2.15)(2.95)

A =~ 3.16761261

Area of pentagon =~ 10(3.17) or about 31.68 cm?
1o

85°20'55" = 35° + 20’ () + 55'(5a057)
~ 35.349°
10+ Vk—5=38 Check: 10+ VkE—-5=38
Vk—5=-2 10+V9-528
VE-5=14 10+V428
k=9 10+228
12 #8

no real solution
(x = (=4)x = 3D)x — (=30) =0
(x + 4)(x — 3i)(x+ 3i)) =0
x+HE:+9 =0
X3+ 4x2 + 9x + 36 =0



49 VA 4
]
y>C+17 4
1
vl
/0] X
1
1
]
1
14
0-5
50.m=_6_8
__=5 5
m = ""74 0T 7y

Y=y, =mx —x)
y— 0= — (~6))

5 15
y 14% + s
51. P=2a + 2b
P=2() + 20
P=2b+2b
7
P=5
2P ..
- = The correct choice is D.

6-3 | Graphing Sine and
Cosine Functions

Page 363 Check for Understanding

1. Sample answer:

period: 6
3m w 5w

2020 2

2. Sample answers: —

3. cos x = cos(x + 2m)
4. y

1

y=sinx

y=c0s x

Both functions are periodic functions with the
period of 2m. The domain of both functions is the
set of real numbers, and the range of both
functions is the set of real numbers between —1
and 1, inclusive. The x-intercepts of the sine
function are located at wn, but the x-intercepts of
the cosine function are located at % + 7n, where n
is an integer. The y-intercept of the sine function
is 0, but the y-intercept of the cosine function is 1.
The maximum value of the sine function occurs
when x = % + 2mn and its minimum value occurs

3 . .
when x = =~ + 27n, where n is an integer. The

maximum value of the cosine function occurs
when x = wn, where n is an even integer, and its
minimum value occurs when x = wn, where n is
an odd integer.

5. yes; 4 6. 0 7.1
8. %ﬁ + 2mn, where n is an integer
9. Jy

11 Ncosx
A + +

10. y

11. Neither; the period is not 2.
12. April (month 4):
y =49 + 28 sin [%(t - 4)]
y =49 + 28 sin [%(4 - 4)]
y =49
October (month 10):
y =49 + 28 sin [%(t - 4)]
y =49 + 28 sin [%(10 - 4)]
y =49
The average temperatures are the same.

Exercises
15. yes; 20 16. no

Pages 363-366
13. yes; 6 14. no

17. no 18. no 19. 1 20. 0
21.0 22. 1 23. —1 24. -1
25.sinm +cosm™ =0+ (—1)
=-1
26. sin 2w —cos 2w =0 — 1
=-1

27. wm + 2mn, where n is an integer
28. % + 2mn, where n is an integer
29. g + mwn, where n is an integer

30. 6 + 2mn, where n is an integer

31. y
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32. Jy

43a. csc = 55 43b. csc b =

11 - 1=—= 1L
y=cosx ~ sind ~ sinég
) sinf =1 sinf = -1
o[ 8 97 107 X % + 27n, where n %T + 2mn, where n
1l is an integer is an integer
43c. csc 0 is undefined when sin § = 0.
wn, where n is an integer

1
sin 0

33. y 44a. sect = 44b. sec § = 00159
1 _ 1 _ 1
y=cosx 1 1_c059 71_0050
cosf =1 cosf =-1
+ + —N 2mn, where n 7w + 2mn, where n
_ _ _ ol x S . L
5w dar S 1S an Integer 1s an 1nteger
—14 44c. sec § is undefined when cos 6 = 0.
w . .
5 t+ mn, where n is an integer
34. y 45.

X 57

[0, 2] scl:% by [—2, 2] scl:1

3w T
35. y x="1

S

36. Y [0, 2] scl:5 b

y=sinx

11 /-\ O0=x= %,
47.
— 1 ; ;
/77 571\ X
_1 4

37. y = cos x; the maximum value of 1 occurs when
x = 4m, the minimum value of —1 occurs when

x = b, and the x-intercepts are 77“, 97“, and uTﬂ [0, 27] sc1 :% by [-2, 2] sc1:1
38. Neither; the graph does not cross the x-axis. none

[—2, 2] scl:1

.J>|§]" INE]
N <
®
IA
[\
E]

39. y = sin x; the maximum value of 1 occurs when 48.

11 ..
x=— 2“, the minimum value of —1 occurs

13 .
when x = —Tﬂ, and the x-intercepts are — 7,

—6m, and —5.

40. Sample answer: a shift ofg to the left

™ . .
41. x = ot Tn, where n is an integer

42. x = wn, where n is an integer [0, 27] scl :% by [—2, 2] sc1:1

3
x=0,5=x=m "y =x=2w
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49.

50.

51a.

51b.

52a.
52b.
52e.

52f.

53a.

53b.

7
N

[0, 2] scl:% by [-2, 2] sc1:1

x=0,7%,2m

N
N

[0, 27] scl:% by [-2, 2] sc1:1
_m 5w

X="p5y

July (month 7):

y =43 + 31 sin [%(t - 4)]

y =43 + 31 sin [%(7 - 4)]

y="7T4

January (month 1):

y =43 + 31 sin [%(t - 4)]

y =43 + 31 sin [%(1 - 4)]

y=12

74 — 12 = 62; it is twice the coefficient.

Using answers from 51a., 74 + 12 = 86; it is
twice the constant term.

wn, where n is an integer

2 52¢. —2 52d. 2w
y
27 y=2sinx
i /

X

It expands the graph vertically.
P =100 + 20 sin 2wt

P =100 + 20 sin 2w(0) or 100

P =100 + 20 sin 2m(0.25) or 120
P =100 + 20 sin 27(0.5) or 100
P =100 + 20 sin 2m(0.75) or 80
P =100 + 20 sin 2w(1) or 100

0.25s 53c. 0.75 s

54a. v = 3.5 cos (A/%)

v = 3.5 cos <0~9 %)

v=—3.3cm
v = 3.5cos (t\/%)
v = 3.5 cos (1~7 %)
v~ 2.0cm
54b. v = 3.5 cos (t %)
0 = 3.5 cos (t %)
0 = cos (t\/%)
gm0
cos t0=t 1.99

_ 19.6
1570796327 =~ t | 1og

0.5005164776 = t; about 0.5 s
54c. v = 3.5 cos (t\/g)
3.5 = 3.5 cos (t\/?j>

_ ( 19.6)
1 =cos|ty1gg

“1q - 19.6
cos =1 199
19.6

2m = t\|7g9

2.00206591 = ¢; about 2.0 s
55a. f + "7", where n is an integer
55b. 1 55c. —1 55d. m

AN
SYRYRYE

56a. P = 500 + 200 sin [0.4(¢ — 2)]
P = 500 + 200 sin [0.4(0 — 2)] or about 357
pumas
D = 1500 + 400 sin (0.4¢%)
D = 1500 + 400 sin (0.4(0)) or 1500 deer
56b. P = 500 + 200 sin [0.4(t — 2)]
P =500 + 200 sin [0.4(10 — 2)] or about 488
pumas
D = 1500 + 400 sin (0.4¢)
D = 1500 + 400 sin (0.4(10)) or about 1197 deer
56¢. P = 500 + 200 sin [0.4(¢ — 2)]
P =500 + 200 sin [0.4(25 — 2)] or about 545
pumas
D = 1500 + 400 sin (0.4¢%)
D = 1500 + 400 sin (0.4(25)) or about 1282 deer

500 revolutions
57 1 minute X

y = c0s 2x

2w radians
1 revolution

1 minute
60 seconds

~ 52.4 radians
per second

58. 1.5 = —1.5 x 2%

~ —85.9°
59. 45°, 135°

Chapter 6



60.

2 x x>+ 4
vt2 2-x 24
—1(x + 2)(x — 2)(xi2) =—1(x + 2)(x — 2)(2fx)

61.

62.

63.

64.

65.

66.

+ D@+ 6 - (5
—1(x—2)(2) = (x + 2)(x) + (—1)(x2 + 4)
—2x+4=x2+2x—x2—4
x=2
But, x # 2, so there is no solution.
1 positive real zero

f(=x)=—2x3 +3x2 + 1lx — 6
2 or 0 negative real zeros
20 2 3 -—-11 -6
4 14 6
2 7 300
2%+ Tx+3=0
2x+ 1)(x+3)=0
2x+1=0 or x+3=0
1
x=—3 x= -3
-3, 3,2
Qg 1 2 -9 18
1 3 -6
1 3 -6 012
12; no
Ag(x) vertical:
:g()_x2+x 2+x=0
1 x(x+1)=0
/—» x=0o0rx+1=0
10 X
x=-1
horizontal:
y=1

reflected over the x-axis, expanded vertically by a
factor of 3
-2 4 -1
1 -1 0
-3 4 5
e [ I S AR A
4 5 -3 b5 -3 4
= —2(=5) — 46) ~ 1(1)
=-11

[

o

_ =13 +0©@) —-1(2) +0(—4) —1(1) + 0(6)
[ 0(3) + 1(2) 02) + 1(—4) 0(1) + 1(6)]
_|-3 -2 -1
[ 2 —4 6]
A'(-3,2), B'(-2, —4), C'(—1, 6)
67. x = %y y
_2 [ x=%
y=3X

Chapter 6
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68. Perimeter of square RSVW
=RS+ SV+ VW + WR
=5+5+5+50r20

Perimeter of rectangle RTUW
=RT+ TU + UW + WR
=G+2+5+G+2)+5
=24

24 —20=14

The correct choice is B.

Page 367 History of Mathematics
1.
n n? 4+ nd 1
+
1 2 2
2 12 ++"
3 36 &
4 80 T
5 150 L
3 ?’)23 [0, 30] sc1:5 by [0, 30,000]
sc1:5000

8 576
9 810

10 1100

11 1452

12 1872

13 2366

14 2940

15 3600

16 4352

17 5202

18 6156

19 7220

20 8400

21 9702

22 11,132

23 12,696

24 14,400

25 16,250

26 18,252

27 20,412

28 22,736

29 25,230

30 27,900

The graph is not a straight line. It curves upward,
increasing more rapidly as the value of n
increases.

2. See students’ work.



ude and Period of Sine and

phing Calculator Exploration

6.4 | Amplit
Cosine Functions
Page 369 Gra
1.

A WAL

2. The graph is shrunk horizontally.

3. The graph of f(x) = sin kx for & < 0 is the graph of
f(x) = sin [k reflected over the y-axis.

Pages 372-373

Check for Understanding

1. Sample answer: y = 5 sin 26

2. The graphs are a reflection of each other over the

f-axis.

. 2
3. A: period = 717 or

B: period = Z.ﬂ

C: period = -

2

or 4

D: period = 27

C has the greatest period.

4. Period and fre

y

quency are reciprocals of each other.

y=3cos 0

All three graphs are periodic and curve above and
below the x-axis. The amplitude of y = 3 cos 0 is 3,
while the amplitude of y = cos 6 and y = cos 30 is

1. The period of y = cos 30 is ', while the period

of y = cos 6 and y = 3 cos 0 is 2.

6. 0-2.50= 25
y

AN

y=-2.5¢c0s60

i{/w \zys'wxfﬂ/e

2m
4

I
i v VI

7.

ar
2

y=sin46

—_

8. 100 = 10; 5, =

=10sin 26

%

9. BO=3;%5 =
y =3c0s26
i{ /\y 7s\ /\
_(13__'7}'2'77'3'77'0
_2..
-31
2
10. 00.50=0.5; ; = 12=
6
1 y=05sin§
O 27 4x 6287 107w
_1..
p 2w
11. O0—% D—g 1 =8mw
4
y 1
0.2t y=—5¢008;
) ) ) -0
\O 27 4w 67 87
-0.2
2
12. AO= 0.8 =T
A==+08 k=2"or2

y = *=0.8 sin 20

Chapter 6



13. DAD

A
y = cos 20

y = *7sin 66

14. DAD = 1.5 2 5 LN TN f
AV TV
y=+15cos%0 —14

Il
J

Do

> ”|=l
Il

Il
I+
N

Il

o

=

o3}
S

S}

2
15'DAD:Z 5 =6
X K 2
A=i% k=%0r§ 21.%2817
y:i%cos%G :
2w 1 y
16. JAO = 0.25 T = 201
k

2 — [}
A= +0.25 = 588w A Y= 6084
y = *=0.25 sin (588w X 1) 0
of 2N\ 4r Sfor 8z
Pages 373-377 Exercises 4

17. (0= 2

y
271 y=2sin6 22.

y = sin 66

[RVARY, AVA A

y 2
y=—3cosg 23. 50 =5, %" = 2

TN ASA

74..
19. O1.50= 15 1
y
2l y—15sine 24. 0-20 = 2; % = 4x
11 y

+ + + 1 y=-2c0s0.50
77\/277’ 377\/0 2t
[, /\ . .0
ol O_/T o SW

Chapter 6 182



25. |2 = 5% 30. (B0 = 3; o% = 4n
y y
1 =3 cos 0.560
y= —%sin 90 ~ | g
| IANANTA
0 . p \e o) o pr 4w 5\0
i\ T 2 1
~041 ~21
12
26. (80 = §; oF = 4 31. ]——] =33
y y
81 y = 85sin 0.50 1
41 y= —%cos 30
10 = 2x 3z Ar 57 0 % ™ 3 5m 0
4..
-8l -1
2m 1 1 2w
27.0-30=3; — =4 32. [3] = 3 1 =6m
2 3
y y
41 y=-3sin%0 T
/\ y=%sing
+ + + + + . + \ f———t 0
Y= ON =/ . \3z /2n 5M9 ] T 2r  Sa~da_ 557
2 2 2
72..
74-. _1 4
2 2 2w 14 _ g2
28.’5‘:}?&:? 33. 0-40=4; | =4
7 2
y y .
081 y= 3005 70 41 y=—Asing
/
N . . . . ; 0 + + + + +
¥y O ™ 77- 3777 ) 5 37 O} T T 37 4 57 6
~0.4 2 -21
-081 —41
2
29. BO=3; 2 = x 34. 0-2.50=25; 7 = 10m
5
X y=3sin20 y
2 / 1 y=-25c0s ¢
] /
9 ™ ™ 0 et et
O/ 37 4w 5w 6
~<1
2 1
35. [0.50 = 0.5; 5937 = 349

183
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36.

317.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

CAO=04
A=2*04
y=*0.4 sin%

0AO= 35.7
A= *35.7

y = *+35.7 sin 86
1

0AO=
A=+
y = _i sin 66
0AO=0.34
A= *+0.34
y = *0.34 sin %9
0AO= 4.5
A==*45

y==*45 sin%@
0AO = 16
A= +16

y = =16 sin 750

0AO=5
A= =*5h

y = *b5cos 0

ma0=2
A==+2

y = i% cos 146
0AO0=17.5
A==*175
y==175 cos%
0AO=0.5
A= %05

20
y = =*0.5cos 390
2

AD=
2
A= 5
y = i% cos 17300
0AO0=17.9
A=*179
y = *17.9 cos %6
0AO=1.5
A==*15

y = =*1.5sin 46, y = =1.5 cos 40

cosine curve A =2

[
y=2cosy

Chapter 6

2 = 10w
1
k=%
2m _m
E T4
k=38
20 @
E T3
k=6
2= 0.75m
8
k=73
2m  bmw
E T4
8
k=%
2
7 =30
v
k=15
ZZZZW
k=1
2m _om
kT
k=14
27“26‘”
1
k=73
20— 0.3m
20
k=5
2n _ 3
E 5T
10
k=%
2w
5 =16
K
k=g
2m _w
kT2
k=4
2,:=41T
1
k=75

184

50.

51.

52.

53.

54.

55.

sine curve A = 0.5 5 =T
k=2
y = 0.5 sin 20
cosine curve A = —3 27“ =27
k=1
y= —3cosf
sine curve A = —1.5 27“ = 4
o=t
.0
y=—15siny
2 1
0AO= 3.8 r = 120
A= =*38 k = 240w
y = *=3.8 sin(240m X t)
2 1
OAO= 15 T
A= =15 k="T2w

y = =15 cos (72w X )

N e

All the graphs have the same shape, but have
been translated vertically.

A-(-4) 2m
56a. DAD = [~ T _ g
k=7
3
0AOd = ‘5’
A = *1.5; down first, so A = —1.5
y=—L15sint
56b. y = —1.5 sin %t 56c. y = —1.5sin %t
y = —1.5sin7(3) y = —1.5sin (12
y=—-11ft y=0ft
57a. Maximum value of sin § = 1.
Maximum value of 2 + sinf =2 + 1or 3
57b. Minimum value of sin § = —1
Minimum value of 2 + sinf = 2 + (—1)or 1
57c. 2* =2
37d. y
y=2+sin@
/2.
Of = 2r 3z 4r 576
58a. CAD= 0.2 T
A= =*0.2 k = 524w
y = *+0.2 sin (5624 X t)



1 2w 1
58b. 0AO = 5(0.2) % = 5oz
A= *0.1 k = 1048w
y = *=0.1 sin (10487 X ?)
2 1
58c. A = 2(0.2) % = 11
A= *04 k = 262w
y = 0.4 sin (2627 X 1)
59a. y = A cos (A/%)
y = 1.5 cos (t,/%)
59b. y = 1.5 cos (t,/%)
y = 1.5 cos (4,/97'38)
y=0.6
about 0.6 m to the right
59c. y = 1.5 cos (tJ%)
y = 1.5 cos (7.9,/9?8)
y=—1.2
about 1.2 m to the left
60a. % + wn, where n is an integer
60b. —1
60c. 2" = 2
60d. y
N = ¢os(6 + )
Y/ v g \/ i
-1
6la. y = 1.5 cos (t\/%) 2711 ~ 6.8
y = 1.5 cos (t loéf) k = 0.9 s/cycle
y = 1.5 cos 6.8t frequency: % =~ 1.1 hertz
61b. y = 15cos (/) =56
y = 1.5 cos (t‘/%) k = 1.1 s/cycle
y = 1.5 cos 5.6t frequency: ﬁ =~ 0.9 hertz
A 2
61lc. y = 1.5 cos (t\/%) Tw ~ 4.8

y = 1.5 cos (t %)
y = 1.5 cos 4.8t

61d. It increases.
62. 0

63. 84 X 21 = 1687 radians

A
t
1687

6
w =~ 88.0 radians/s

w =

k = 1.3 slcycle

frequency: % =~ 0.8 hertz

6le. It decreases.

185

64. 73° = 73° X Jgov s=rb
= % s = 9(%)
s~ 11.51n.
65. a?+ b2 =¢c2 tan A = g
15.12 + 19.52 = ¢2 tan A = 5%1,
24.66292764 ~ ¢ A=tan~1 12k

A =~ 37.75273111
B = 180° — (90° + 37.8°) or 52.2°
c=24.7,A=37.8°B=52.2°

T=2’AT\/z
417217\/7

0.6525352667 ~ ,/*8

0.458022743 =~ 55

4.17 = {; about 4.17 m
b2 — 4ac = 5% — 4(3)(10)
= -95

2 imaginary roots

68a. Let x = the number of Model 28 cards and let
y = the number of Model 74 cards.
30x + 15y = 240
20x + 30y = 360
12x + 10y = 480
x=0
y=0

66.

67.

P(x, y) = 100x + 60y

P(0, 0) = 100(0) + 60(0) or O
P(0, 12) = 100(0) + 60(12) or 720
P(3, 10) = 100(3) + 60(10) or 900
P(0, 8) = 100(0) + 60(8) or 480

3 of Model 28, 10 of Model 74

$900
1 0].[-2 1 3 -3
69- [0 —1] [—1 -1 —4 —2}
1(1) + 0(-1)

_ {1(—2) +0(-1)
0(=2) + (=D(=1) 01 + (-D(=D

68b.

13) +0(—=4)  1(-3) + 0(~2) ]
0@ + (—D(=4) 0(=3) + (-D(-2)
_[-2 1 3 -3

[ 114 2

(-2,1),(1,1),3,4), (-3,2)

70. \g(x)"

Chapter 6



71. y = 14.7x + 140.1
y = 14.7(20) + 140.1

y = $434.10
2.
7 x x2 y
—4 (—4)2 16
-3 (—3)2 9
-2 (—2)2 4

{(=4,16), (=3, 9), (=2, 49)}; yes

73. A=3s2 radius = é(lO) or5
100 = s? A=mr?
10=s A = w(5)2 or 251

4(25m) = 100w
The correct choice is C.

Page 377 Mid-Chapter Quiz
bm _ bmw , 180°
1. 6 6 T
= 150°
2.r= éd s=rb
r=2(0.5) or 0.25 s = 0.25(°F)
s=~13m
3. A= %rgﬁ
1 217
= 3(F)
A=~ 402 ft2
4. 7.8 X 27 = 15.67 or about 49.0 radians
5. 8.6 X 27 = 17.2m 6.V =rw
© :g v = 3(8m)
17.27 v = 75.4 meters/s
W=y

w = 7.7 radians/s

7.1
8. y
y=cosx
‘I..
Ve, /\ ;
(0] 7.7 8w \9:7 X
71 4
2
9.0-70="7; ; =6m
3
y
sl y=—Tcos?
' /\ /\
0./2'77 ' 4WW8W ' 10@
}(-
_8..
2w ™
10. DAO =5 % =3
A==*5 k=6
y = =5 sin 66

Chapter 6
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6-5

Translations of Sine
and Cosine Functions

Pag
1.

2.
3.

Pag
1.

2.

3a.
3b.
3c.
3d.

4.

e 378 Graphing Calculator Exploration

R

R

The graph shifts farther to the left.
The graph shifts farther to the right.

e 383 Check for Understanding

Both graphs are the sine curve. The graph of y =
sin x + 1 has a vertical shift of 1 unit upward,
while the graph of y = sin (x + 1) has a horizontal
shift of 1 unit to the left.

sine function
increase [AQ
decrease h
increase [k
increase ¢

Graph y = sin x and y = cos x, and find the sum of
their ordinates.

-3
. Jamal; f% =-———or 3
6
ku
- y
2 1 y=3cos(0—73)
N J\_'/w ' 3\\'/77 ' 55\0
.3;y=3 y
A=1;
27 4 y=sin260+3
2 — T
O "7 27 3rm 4r 5780




8. D2I:J:2;2l:*rr; —%; -5

x 27 37 4w 570
y=2sin(260 + =) -5

L . _ .
9 D—ED:E, 1 —47T,—T—2,3
2 2
y
o v=a-fems(i-3)

m}

O = 2n 3z 4r 570

10. CAD = 20 2 c=0
A==*20 k=2w h =100
y = =20 sin 270 + 100
1. AD=0.6 2 =124
A=206 k=45
C
—4=-2.13 h=1
- =213
62
_ 213w
= 62 o
y = £0.6 cos (6%6 + 6.;)
+ 7
12. .
x sin x — cos x y
0 sin 0 — cos 0 -1
ku . kU v
9 SIn , — €OS 5 1
T sin ™ — cos 1
3m . 3w 3w
o SIn 5 — COS - -1
21 sin 27 — cos 27 -1
y y=sinx—cos x
1.
o T 2'77 X
\‘1/
13a. 220 = 100; P = 100
13b. A0 = 22, oo
0AO = 30 k=2w
A= =30 P = *+30 sin 2wt + 100

187

P = 30sin 27t + 100

-

Pages 383-386 Exercises

14. —é: —%2‘”01'277;A: 1;2%:217

y
y=sin(@ — 2m)

JAWAWA

c ‘rr 21
156, 5 =—53A=1+ =7
y
y=sin(20 + =)

U
2
16. —fz ——or —2m A = 2; ZTTF = 8w
e 1 1
N 1

ON « 27 37 fiw 57 6w 7w 0

21 y=2cos(§+7)

Chapter 6



y="5cos0—4
19. T;y =17

2
A=Ly =m

y=1+ cos 20

s

O T or 37 Ar 57 0
20. %2 5 or2m; —3
7 .
21. BO=3; 5 = ﬂ’TZE’O

[eola

2 -
22. 060 = 6; 77 = 2m — 7 = — 52

m y==6sin(6+7)+2

-4

23. O10=1; T = 6m; s :%;_2
’ 3
y
T or 37 4T 57 0

(0]

Chapter 6
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w

24. (50 =5; 5 —3; 20

26.

217.

28.

29.

30.

31.

32.

’39 3’
y
0T y=20+5c0s(30 +m)
2..
101
O " # 27 3r 4n 570
1 1 2w 0
O0=753"71 =4m—-71 =0, -3

2 2
y

x 2 3w 4w 57w 0
21 IRV
- y=3c00s;—3
74..

2 —4
100 = 10; = = 8m; —— °
4

4

y=10sin(§ —4m) -5

N

-10
_15..
A0 Z_T(_S) 41T;%to the left or —%;
LAO= 4 down 2, or —2
A==*4;4
2 C
tAl=7 =37 -5 =m h=-17
2 3
=+7 k=73 o
€="73

3 2w c 1
b=y %= G=m h=q
A=+2 k=10 c¢=-10m
y =+ sin (100 — 10m) + &
2w ’lT c rd
mMo=385 =T _£_T g
A=+35 k=4 P
y—+35cos(40—1-r)+7
2m T c . 7
mMo=5  F=% -5-=3 h=3%
A=+3 k=12  c=-4n
4

y==x3c 08(120—41T)+—



33.

34.

35.

36.

37.

2w

<

OAO=100 =45 —37 =0 h =—-110
5
A==+100 k=2 =0
y = £100 cos (%0) — 110
1-(=9 2m
040 = 2 % =4m h=-1
DAD = 2 k=7
A==*2;-2
y = —ZCOS(%)—l
3.5 —(2.5) 2@ c
DAD:f };:’lT _EZO h:3
0A0= 0.5 k=2 c=0
A= +05;05
y=0.5sin20 + 3
x sin x sinx + x
0 0 0
5 1 5+ 1= 2.57
™ 0 w=~ 3.14
3 3
5 -1 -5 1=3.71
2 0 27 =~ 6.28
y _ .
gl y=x+sinx
6..
4..
2..
o) T 2'77 3'77 X
x CcoSs X sin x cos x — sin x
0 1 0 1
™
Y 0 1 -1
™ -1 0 -1
3w
5 0 -1 1
2 1 0 1
y
2..

4-7\\ _|./=008).(—sz/:-\

27 X

189

38.
x sin x 2x sin 2x sin x + sin 2x
0 0 0 0 0
K v
) 0.71 Y 1 1.71
5 1 m 0 1
y 0 2 0 0
Z -1 | 8m 0 -1
21 0 4 0 0
y
2..
14
(0
_2..
39.
4] y=2sinx
y=3¢c0s x
40. V4 y=cos2x— cos 3x
y = cos 3x y = cos 2x
41a. 2000 + 1000 = 3000
2000 — 1000 = 1000
41b. 10,000 + 5000 = 15,000
10,000 — 5000 = 5000
41c.
[0, 24] sc1:1 by [0, 16,000] sc1:1000
41d. months number 3 and 15
41e. months number 0, 12, 24
41f. When the sheep population is at a maximum,
the wolf population is on the increase because of
the maximum availability of food. The upswing
in wolf population leads to a maximum later.
Chapter 6




43a. 46 — 42 =4ft

43b. r = 5d t=21+4
r = 5(42) t=25
r=21
3 revolutions 1 revolution
43c. 60 seconds ~  x seconds
x=20s
43d. CAO = 21 2~ 90 h=25
K
A==21;21 k=15

h =25+ 21sin g

it
10
it

10

43e. h =25 + 21 sin
46 = 25 + 21 sin
1 = sin (%)
sin~! = sin (%)
5=15s

43 h =25+ 21 sin (75

h=25+21 sin(“'w)

NN
— —

10
h =25 ft
44, = -Jor0
_m
c_ 2 m
kT T 2 Oy

There is a % phase difference.

45a. y = Vsinx 45b. y = <"
45¢. y = cos x2 45d. y = sin Vx

2w 1
46. 5 = 5971

k = 588w y = 0.25 sin 588t

47. v =ro

v="7(19.2)

v = 134.4 cm/s
48. asymptote: x = 2

_ x— 3 y
y x— 2

ylx—2)=x—-3
yx — 2y =x — 3

<
I
x|
11
roleo

-2y —3=x—yx

|
—

~2y = 3=2x(1 - ) ! X
723}73_ 1
1-y =X :

asymptote: y = 1

Chapter 6

49. f() =

x—1
3
y:x—l
3
x=7_"7
x(y —1) =3
y-1=1%
y=%+1
11 3 5| _
50. [1 1][_3 _5]7;(
13) + 1(=3) 1(5) + 1(-5)| _ X
1) + 1(=3) 1(5) + 1(-5)
0 0 =X
0 0

51. 7(3x + 5y) = 7(4)
14x — 35y = 21 -

21x + 35y = 28
14x — 35y = 21

35x =49
x=14
3x+ by =4
3(1.4) + 5y = 4
y = —0.04 (1.4, —0.04)
52, v4
x lx + 4] y
—6 -6 + 40 2
—4 -4 + 40 0
-2 0-2 + 40 2
0 | to+4b 4 y<ix+a Op X

53.3x —y+7=0 y =y =mx—x)
y=3x+17 y—(=2)=3x—3)
slope: 3 y+2=3x—9
3x—y—11=0
54. 4 inches =%foot
75 X 42 X 5 = 1050 cubic feet

1050 X 7.48 = 7854 gal
The correct answer is 7854.

Modeling Real-World Data

6-6 | with Sinusoidal Functions

Pages 390-391 Check for Understanding

1. any function that can be written as a sine function
or a cosine function

2. Both data that can be modeled with a polynomial
function and data that can be modeled with a
sinusoidal function have fluctuations. However,
data that can be modeled with a sinusoidal
function repeat themselves periodically, and data
that can be modeled with a polynomial function
do not.

3. Sample answers: the amount of daylight, the
average monthly temperatures, the height of a
seat on a Ferris wheel



4a. y = -5 COS(Et> 4b. 5 units above

y = —5 cos (% . 0) equilibrium

y=-5

5 units below equilibrium
4c. y = —5Hcos (%t)

y = —5cos(%-7)

y=—4.33

about 4.33 units above equilibrium

140 — 80 140 + 80
5. A="5 h=""
A =30 h =110
2

ksz P = 30 sin 27t + 110
ga. A="0_40 5 AL 6b. h = &AL ;r AL

A=125° h = 53.5°
6¢c. 12 months
6d. A=+125 2T = 12 h =535

k-3
"
y = —12.5 cos (Et + c) + 53.5
41 = —12.5 cos (% 1+ c) + 535
—12.5 = —12.5 cos (% + c)
v
1 = cos (g + c)

osTl1=7%+c
cosl1—¢=c
-0.5=¢
Sample answer: y = —12.5 cos (%t - 0.5) + 53.5

6e. y = —12.5 cos (%t — 0.5) +53.5
y = —12.5 cos (%(2) - 0.5) +53.5
y ~ 42.82517529
Sample answer: About 42.8°; it is somewhat
close to the actual average.
6f. y=—12.5 cos (%t - 0.5) +53.5

y = —12.5 cos (%(10) - 0.5) +53.5

y = 53.20504268
Sample answer: About 53.2°; it is close to the
actual average.

Pages 391-39%4 Exercises
7a. 05
7b. 7 = 6601
1
k= 330
1
7c. 1 = 330 hertz
330
8a. 3.5 + [0-30 = 6.5 units
8b. 3.5 — 3 = 0.5 units
2n _ 2w 6
8c. 5 = 5w s

3

191

12a. b= 47.5; A = 23.5; 2% = 12; —

8d. h = —3 cos (%wt) + 3.5
h=~3cos (%(25) + 3.5
h = 2 units

R = 1200 + 300 sin (5¢)
R =1200 + 300 sin (% - 0)
R = 1200

H =250 + 25 sin (5t - )
H=250+25sin(§-0-7F)
H~ 232

R: 1200 + 300 = 1500
H: 250 + 25 = 275 no

R = 1200 + 300 sin (
1500 = 1200 + 300 sin (
300 = 300 sin 5t

9a.

9b.

9c.

9d.

Y
2

SIERSIE]

1 = sin %t
sin11= gt
sinfll(%) =t
1=t
January 1, 1971
250 — 25 = 225

H =250 + 25 sin (5t -
225 = 250 + 25 sm(
. v ™
—25 = 25sIn <§t -
—1 =sin (%t - %)
~1-5i-3
%(sin*1 -1+ %) =t
—O 5=t
2m
July 1, 1969 =

m

2

9e.

m
2
m
2

4

sin!

k=4
next minimum: July 1, 1973
9f. See students’ work.

4
10. A=+
A=2
ychos(It)
c
11. h = 4.25; A—355——1240 - = =
6.2

Il
—_
o

=~ =¥
CUE!

—4.68

k=

2.34m
3.1

T
6.2

c =

v = 8.55 sin (g5t + 257) + 4.24

2m

y = 23.5 sin (%t -3

Chapter 6



12b.

12c¢.

13a.

13c.
13d.

13e.

13f.

y=235sin (5t - 2F) + 475

y=235sin (5 3-2)+475
y = 35.75
about 35.8°
. ’lT 2
y = 23.5 sin (Et - ?) +47.5
y=235sin(F 8- 2)+475
y =~ 67.9°
81° — 73° 81° + 73°

A=—71" 18b. h =",
A= 4° h="177°
12 months
A==+4 20— 19 h=11

_ T

~ 6

y = —4cos<%t+c)+77
73 = f4cos<%- 1 +c)+77
—4 = —4 cos (% + c)
v
1 = cos (6 + c)
cosTll=¢+c
cosTl1—%=¢

—0.5235987756 =~ ¢

Sample answer: y = —4 cos (%t - 0.5) + 77
y = —4 cos (%t - 0.5) + 77

y= —4cos(%'8—0.5)+ 77

y = 80.41594391
Sample answer: About 80.4°; it is very close to
the actual average.

y = —4 cos (Et—o.5)+ 77
y——4cos( 5—05)4—77

y =~ 79.08118409
Sample answer: About 79.1°; it is close to the
actual average.

14. —%:—Tﬂor’n
. . ™ ™ 3
increase shift by o3 m + 5 = -
e _ 3w
kT2
¢ _ 3m
172
_ 3
€= 7y

Sample answer: y = 3 cos (x - 3717) +5

15a. A = 13.252— 1.88 15b. h = 13.25; 1.88
A =5.6851t h = 7.565 ft
15¢c. 4:53 P.M. — 4:30 A.M. = 12:23 or about 12.4 h
15d. A= +5.685 2 _ 124 h = 17.565
kU
k=%2
4:30 AM. = 4.5 hrs
= 5.685 sin (%t + c) + 7.565
1325—5685sm(" 45+c)
5.685 = 5.685 sin (W + c)
1 =sin (W + c)
. 4.5m
sin"l1= 6o TC
. 4.5
sin711 - 6o =€
—0.7093918895 = ¢
Sample answer: h = 5.685 sin ( - 0. 71)
7.565
15e. 7:30 M. = 19.5 hrs
h = 5.685 sin < - 0. 71) + 7.565
h = 5.685 sin ( -19.5 — 0.71) + 7.565

h = 8.993306129
Sample answer: about 8.99 ft

16a. Table at bottom of page.

Month Sunrise A.M. Time Sunset P.M. Time Daylight Hours
AM. in Decimals P.M. in Decimals (P.M.-A.M.)
January 7:19 7.317 4:47 16.783 9.47h
February 6:56 6.933 5:24 17.4 10.47h
March 6:16 6.267 5:57 17.95 11.68 h
April 5:25 5.416 6:29 18.483 13.07h
May 4:44 4.733 7:01 19.017 14.28 h
June 4:24 4.4 7:26 19.433 15.03 h
July 4:33 4.55 7:28 19.467 14.92 h
August 5:01 5.017 7:01 19.017 14 h
September 5:31 5.517 6:14 18.233 12.72 h
October 6:01 6.017 5:24 17.4 11.38 h
November 6:36 6.6 4:43 16.717 10.12 h
December 7:08 7.133 4:28 16.467 9.33 h
192
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16b. A = 15.03; 9.33 16¢c. h = 15.032+ 9.33
A=285h h=1218h
16d. 12 months
16e. A= +2.85 -2 h=12.18
v
k=%
y=-2.85cos (5t +c) +12.18
To14c)+12.18

9.47 = —2.85 cos (
—2.71 = —2.85 cos (

o|a @

+ )
0.950877193 =~ cos (% + c>

0s710.950877193 = ¢ + ¢

0s~10.950877193 — G ~ ¢
—0.2088597251 = ¢
Sample answer: y = —2.85 cos (%t - 0.21) +12.18
17. 70.5 — 19.5 = 51
y =705 + 19.5 sin (lt + c)

51 = 70.5 + 19.5 sin 1+c)

(5
—19.5 = 19.5 sin (% + c>
—1=sin (% + c)

sin"! —1-— % =c

~2.094395102 = ¢

Sample answer: about —2.09
18a.

14 revolutions 2 radians T

1 minute =17 ad/
1revolution . 15 rad/s

60 seconds
y = —3.5 cos (1515)
18b. y = —3.5 cos (Zst)
y = —35cos<z5 -4)

y ~ —3.197409102
about (4, —3.20)

1 minute

120 — (—120) 2m
19.4A=——5 =60
A=120 k=5

Vi =120 sin (3015)
20. See students’ work.
21. 0-30= 335 = m —

m

Ey

5

y=—-3¢c0s(20+ ) +5

O = 2n 37 47 570

22. 2mn where n is an integer

oy T _ 40w
23. 800° X jaos = g

24. 40% = 322 + 202 — 2(32)(20) cos 0
402 — 322 — 202

cos = —2(32)(20)
(402 - 322 — 20
0 = cos ( ~2(32)(20) )
0 = 97.9°

180° — 97.9° = 82.1°
about 97.9°, 82.1°, 97.9°, 82.1°
2m +16 2m + 16
m2—16 ~ (m — 4)(m + 4)
2m+16 A
m—4m+4)  m-—4 + m+ 4

2m + 16 = A(m + 4) + B(m — 4)

25.

Let m = —4.
2—4) + 16 = A(—4 + 4) + B(—4 — 4)
8= -8B
-1=8B
Let m = 4.
2(4) + 16 = A(4 + 4) + B(4 — 4)
24 = 8A
3=A
A B 3 -1
m—4+ m+4:m—4+m+4
26. —20 2 k -1 -6
—4 —2k + 8 4k — 14
2 k—4 -2k + 7 0O 4k — 20
4k —20=0
k=5
27. f(x)4

0\ 2lx+ 11— 5

increasing: x > —1; decreasing: x < —1
28. The correct choice is E.

67 | Graphing Other Trigonometric
Functions

Page 400 Check for Understanding
1. Sample answers: —, m, 27
2. The asymptotes of y = tan 6 and y = sec 6 are the
same. The period of y = tan 0 is 7w and the period
of y = sec 6 is 2.

™ 3m
. Sample answers: 5, =~

0 5.1
. mn, where n is an odd integer

NS A W

m . .
. + mn, where n is an integer

Chapter 6



_m
)

y = cot (50 + %)

12a. f = ma 12b. F = fsec
f=73(9.8) F="715.4sec?
f=T7154N

12c. ZTﬂ = 2m; no phase shift, no vertical shift

Ny
o 80Qg |
: 1F=1715.4sec 0
1
i 4001 '
: |
! ?
-z @) z (V]
y Y
12d. 715.4 N

12e. The tension becomes greater.

Pages 400-403 Exercises

13. 0 14. 0

15. undefined 16. —1

17. -1 18. undefined
19. undefined 20. 0

21. wn, where n is an integer

22.
23.

wn, where n is an even integer

3m . .
=+ 27n, where n is an integer

Chapter 6
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24.
25.
26.

217.
28.

29.

30.

31. —

32.

v . .
-+ + mn, where n is an integer

™ . .
— T mn, where n is an integer
3 . .
=, 1+ mn, where n is an integer

kU . .
31, where n is an odd integer

wn, where n is an integer

s
-5 .
1

Do

2
7] = 6m; no phase shift; no vertical shift
3

A A

1 1

: :

L [}
: = sec 3
H . . 0
27 | -7 o} T i 2'77

1 1

1 -21 1

1 T 1

1 41 1

1 1 1

\ \

2117 = 2m; no phase shift; h = 5

1
1
1
> T P,
1
1
1
Y

1 =<
Il
T "o
o
+ 5
+
(3]

g - =TT
-3
R




41.k:27ﬂ:% c:—%z—g h:h= -5
k=6 c=3m
y =csc (60 +3w) — 5
42.k:27ﬂ=31-r c:—§=—1-r h:h = -8
2 3
kzg 2
c="
y=sec(§9+2?ﬁ>78
43.k:%:% c:—%zg h:h=17
v
. k=2 c=—75
2 6 ™
3. % < 6m - =~ h =2 y=tan (20 = 5) + 7
3 3 44a. — =40 A d A
40 | 401 !
no phase shift | 20: d—1ﬂ:tanﬁ,t
no vertical shift | 1 |
R R
Vel
o a0l i
¥ A\

44b. d = 10 tan%t
d = 10 tan 55(3)

d = 2.4 ft from the center
44c. d = 10 tan 45t

d = 10 tan 45(15)

d = 24.1 ft from the center

The graph of y = csc 6 has no range values
between —1 and 1, while the graphs of y = 3 csc 6
and y = —3 csc 0 have no range values between
—3 and 3. The graphs of y = 3cscf and y =
=-10 —3 csc 6 are reflections of each other.

46a. f=m-9.8 46b. F = fsec s

f=7-98 1 0
f=68.6N = 5(68.6) secy,

=-1 F=34.3sec%

46c¢. =4

ST em§

T F=343 secg
201

-}

B T
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46d. 34.3 N
46e. The tension becomes greater.
47a. 220 A

2 1
47b. G- =39S

jus
R
47c. —5on = 360
47d. I = 220 sin (607rt )
v
I = 220 sin (6071 - 60 — g)
I=-110A
v

48. y = —1 tan (9 + 5)
492, A — 39 ; 0.55 49b. K = > ; 0.55

A=1.721t h=2271t
49c. 12:19 PM. — 12:03 AM. = 12:16 or about 12.3 hr
49d. A = *1.72 = =123 h =2.27

k=135

12:03 = 0.05 hr since midnight
h=1.72sin (155 ¢ + ) + 2.2
3.99 = 1. 72s1n<123 0.05 + ¢) + 2.27
172—172s1n< 93 +c)

1=sin(123 )

. 14 _ 0dm
sin~ 1= 123 +c
. 0.1
-11 - == =
sin” * 1 193 = C

1.545254923 = ¢
Sample answer: h = 1.72 sin (%t + 1.55) +2.27

49e. noon = 12 hrs since midnight
h = 1.72 sin (123t + 1. 55) + 2.27
h = 172s1n<123 12 + 155) + 2.27
h = 3.964014939
Sample answer: 3.96 ft
50. (20=2; 2" = 4n
2
y
[}
2
.8
2
51.s=rf
K
s = 18(§)
s = 6w cm

Chapter 6
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52.

53a.

53b.

54.

55.

56.

C = 180° —
a b
sinA ~ sin B
57.3
sin 62°31’ ~ sin 75°18'
_ 573 sin 75°18'
b= sin 62°31’
b ~ 62.47505783
a ¢
sinA ~ sinC
573
sin 62°31' ~  sin 42°11’
573 sin 42°11"
C = sin62°31

c =~ 43.37198044

C =42°11",b = 62.5,c = 43.4

73°
4m

o _ X
tan 73° = 7

x = 4 tan 73°
x=~13.1m

a? + b2 = ¢2
724+ 42 = (2
V65 =c

b
cos A = p

4
A=7
s 4= Ves

4V65
cos A = 5

22— 4
= =
22 —3x—10
G-+ 2) _
(x—5)@x+2

(=32 -4
CCaosg-10 =0

Test —

02 —
0% - 3(0) —

Test 0:

Test 3:

62 —
62 — 3(6) —

Test 6:

k
k

\V]

<x<5H

K

6
0.5
12

3(3)

53c. cos 73° =

sinA =

a

c

(62°31" + 75°18’) or 42°11'

4
y
_ 4
Y = cos 78°
y=13.Tm

: __7
sin A = N
V65

. 7
sin A = 65
a
tan A =%
7
tan A =

zeros: 2, —2

excluded values: 5, —2

— =0 false
—io =0 true

5 =0 false

% =0 false

t=kr
10 = 12r
r=0.83



57.

58.
59.

3x +2y<8
y<f§x+4

y<2x+1
—2y<—x+4

y>%x—2

y = 17.98x + 35.47; 0.88

A: impossible to tell
B: 6(150) 2 10(90)
900 = 900; true
C: impossible to tell
D: 150 2 30 + 2(90)
150 = 210; false
E: 3(90) 2 30 + 2(150)
270 = 330; false
The correct choice is B.

6-7B

Sound Beats

Page 404

1.

the third graph

Sample answer: The graph seems to stay above
the x-axis for an interval of x values, and then
stay below the x-axis for another interval of x
values.

. 0.38623583
. no

. —1.78043; yes; the value for f(x) is negative and

corresponds to a point not graphed by the
calculator.

. Sample answer: As you move 1 pixel to the left or

right of any pixel on the screen, the x-value for the
adjacent pixel decreases or increases by almost 7.
Thus, the “find” behavior of the function cannot be
observed from the graph unless you change the
interval of numbers for the x-axis.

. See students’ work.
. Yes; no, they only provide plausible visual

evidence.

197

6.8 | 1rigonometric Inverses and Their

Graphs

Page 410 Check for Understanding
1. y = sin~ ! x is the inverse relation of y = sin x, y =
(sin x)~ ! is the function y = ﬁ, and y = sin(x~ 1)

. . .1
is the function y = sin o

. For every y value there are more than one x value.
The graph of y = cos~ 1 x fails the vertical line
test.

. The domain of y = Sin x is the set of real numbers
between —% and %, inclusive, while the domain of
y = sin x is the set of all real numbers. The range
of both functions is the set of all real numbers
between —1 and 1, inclusive.

. Restricted domains are denoted with a capital
letter.

. Akikta; there are 2 range values for each domain
value between 0 and 2. The principal values are
between 0 and m, inclusive.

y = Arcsin x
x = Arcsin y
Sinx=yory= Sinx

A y
21 T
y = Arcsin x y=Sinx
1 (0] 1 X -z (@] z )
_g.. -1
y = Cos (x + %)
x = Cos (y + %)
— v
Cos lax=y+ 5
y=Cosly—7%
y y
1+ s
=|Cos(x + 3 2
{ be+2) y=[Cos™'x—73
r O pa < 0
-3 7 X 1 1 X
-1+ _g..
8. Let 6 = Arctan 1. 9. Let § = Tan~1 1.
Tanf =1 Tanf =1
0= 0=
cos (Tan~1 1) = cos §
= cos%

Ve

2
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10. Let 6 = Cos™! (%) 16. Y i arctan x
x = arctan y
Ve _ _
Cos 6 = -~ tanx = yory = tan x
w
6= . ;
—1(NM2) _ 7| _ _m 1
cos[Cos (2 ) 2]—c0s<0 2) !
= cos (§ ~3) |
w HI
=cos — 7 |
_ V2 i
2 1
11. true \
12. false; sample answer: x = 1; when x = 1, 17. y = Arccos 2x
Cos71(-1) ==, —Cos™1(1) =0 x = Arccos 2y
13a. C = 2mr 13b. C = 40,212 cos 0 Cos x = 2y
C = 2m(6400) éCOS.nyOI'yZ%COSJC
C = 40,212 km
13c. C = 40,212 cos Y /i

3593 = 40,212 cos 0 T i _
3593 J=
20212 — cos 0 ’\ |

_1( 3593 ,
cos ™! (40?212) =0 vy = Arccos Zx\ o} V X

1.48 = 0; about 1.48 radians

13d. C =~ 40,212 cos 6 -1 0 Txo 1y
C = 40,212 cos 0
C~ 40,212 km 18. y = + Arcsin x
x = % + Arcsin y
Pages 410-412  Exercises x — 5 = Arcsin y
14. y = arccos x S Y _oQ il
in(x — =yory=Sin(x —
* anecony (s-3) =yory =sin(s-3)
COSX =YyO0ry =Ccosx y {__y=8in(x—’§’)
a4
J /
2 T > O ' T X
y =3[+ Arcsin x 2
9 e} X
Tt /\y: coS X /\ 1 1 1
y = arccos x \ [6) \T/ 2 X 19. y=tan7y
+ _ Ra
- O/ x 4 x = tan
tan"1lx = %
15. iigii; 2tan lx=y;y=2tan 1«
Sin“lx=yory=Sin"lx Ay A
1 1
Ny A L2yl
2 Y
y=3inx y=sin"" x = Jlo T A
, X 1 1
P pa V-2t !
-5 O 7 X —1 O 1 X : 1 :
\ 4
—1 _"E"..
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20.

21.

22.

24.

26.

27.

28.

29.

y=Tan(x—§)
x=Tan(yf%)
Tan 1x—y—%

y A Y4y = Arceot x
4] i SR § Ao i >
+\ y=Cotx !
21 1 A
1 1 5
| 2
(o]} g T X L L
-21 i "4 20| 2 4x
44 i
\
Let § = Sin~1 0. 23. Let 6 = Arccos 0.
Sinf =0 Cos6=0
m
=0 =3
Let § = Tan™! ? 25. If y = tan %, then
Tan § = V2
an 6 = —5 y=1
6="1 Sin~! (127) = gin~1y
=Sin"11
=2
Ify = Cos™! %, then y = %.
sin (2 Cos™! %) = sin (2y)
. 'TT
= sin (2 . Z)
= sin%
=1
— ko
If y = Tan 1\/§,theny:§.
cos (Tan™1 V3) = cos y
=cosy
_1
=3
Leta =Tan !1andp = Sin~!1.
Tana =1 Sinp=1
«e =
cos (Tan™11 — Sin~! 1) = cos (a« — B)
ku Ky
= cos (Z - 5)
=cos —7
_ Ve
=%
Leta = Cos ! 0and B = Sin™! 5.
Cosa=0 Sin B = %
a=y B=7%
-1 so—1Ll)
cos (Cos 0 + Sin 2) = cos (a + B)
= cos (% + %)
2w
=cos 3
__1
-2

199

30. Let « = Sin"1 1 and B = Cos™! %

Sina =1 Cos B = %
ku ™
a=7 B=75
sin (Sin™1 1 — Cos™! %) = sin (o« — B)
. ku ky
~sin(3-2)
. Ky
= sin ¢
_1
2

31. No; there is no angle with the sine of 2.

32. false; sample answer: x = 2m; when x = 2,
Cos~1(cos 2m) = Cos~ 11, or 0, not 2.

33. true

34. false; sample answer: x = —1; when x = —1,
Arccos (—1) = 7 and Arccos (— (—1)) = 0.

35. true 36. true

37. false; sample answer: x = %; when x = g, cos™ 1 %

is undefined.
38. Ay

y = tan(Tan| 'x)

:__O: +—t :X

. 2
39.  y=545+235sin (5t —2)
54.5 = 54.5 + 23.5 sin (5t - 27
0 =235 sin (5t — =)
0 = sin (%t - 2%)
sin10 = %t - %ﬁ
11' 21 21
O=43t—"5 or m=4t— "5
2m _om bm _m
3~ 6l 3~ 6
4=t 10=t
April and October
40. P=VICos 6
7.3 = 122(0.62) Cos 6
0.0965097832 =~ Cos 6
Cos™10.0965097832 ~ 0
1.47 = 0; about 1.47 radians
41. % + wn, where n is an integer
42. I=1I,cos? 0
1=8cos20
% = cos? 0
\/T
5 = cosf
41
cos ! \/g =0

1.21 = 0; about 1.21 radians
43a. 6:18 + 12:24 = 18:42 or 6:42 P.M.

43b. 12.4h
43c. A — 105 —2(—0.30>
A= 36751t
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43d. A = *£3.675 5 =124 h = 9
kU
k=755 h = 3.375
6:18=6.3h
y = 3.675 sin (% )+ 3.375
7.05 = 3.675 sin <6l 63+C)+3.375
3.675 = 3.675 sin (74—0)
1:sin( +c)
sin*11=%+c
. 6.3
sinTl1 -5 =¢

—1.621467176 = c

Sample answer:

= 3.375 + 3.675 sin (ét — 1.62)

y = 3.375 + 3.675
sin (o5 ¢ — 1.62)
6 = 3.375 + 3.675
sin (G—“TZt - 1.62)
2.625 = 3.675 sin (%t - 1.62)
202 —sin (g5t - 1.62)

3.675

. 2.625 [
—1(&222) B,

sin (3.675) =5at 1.62

sin “1(222) 4 1.62 = 75 ¢
%(sin_l (3632) + 1. 62)

4767243867 =~ t
0.767243867 X 60 = 46.03463204;
Sample answer: about 4:46 A.M.

43e.

44, y
S
y=sin(Tan"1x) 1
2 o 2 ¢
_________ -,
_ -1 D—d
45a. 6 = cos o
L 6-4
6 = cos™! 210)

0 =~ 1.47 radians
45b. L=mD + (d — D)§ + 2C sin 0
L~m(6) + (4 — 6)1.47 + 2(10) sin 1.47

L = 35.81 in.
46. wn, where n is an integer
47.U0=5 2T=3zx -5 =-m  h=-8
2 3
A= =5 k=73 o
=3
y = i5sin(§0+2?ﬂ> -8
Chapter 6

7.05 + (—0.30)

200

48.

49.

50.
51.

52.

53.

54.

y
1 4
y=cosx
+ + /i
—A1mr —107 —97 O x
-1+
30 30 § = 25°
X o = 180° — (25° + 25°)
550 9 or 130°
30 @ 30
30 _ x
sin 25° ~ sin 130°
_ 30sin 130°
X = "sin25°
x =~ 54.4 units
30 30 0= 2(25°) or 50°
a= 2(180° — 50°) or 65°
30 30
30y
sin 65° ~ sin 50°
_ 30 sin 50°
Y = Tsines
y = 25.4 units
210° — 180° = 30°
p: 1, £2, =3, 6
q: =1, +2
B 41, £2, 23, 56, x4, =y

decreasing for x < 2 and x > 2

[f o gl(x) = flg(x)
= f(3x)
= (3x)3 — 1
= 27x3 —

g(f(x))
=g - 1)
=303 —1)
=33 -3
D=4,F=6,G=T7,H=38
value: (4 + 6 + 7 + 8)4 = (25)4 or 100
The correct choice is D.

[goflx) =



Chapter 6 Study Guide and Assessment

Page 413
Vocabulary
radian

the same

W S BN

1.

3.

5. angle
7. radian
9.

sunusoidal 10.

Pages 414-416

™

11. 60° = 60° X 500 12.
-3
13. 240° = 240° X 750- 14
_dn
3
15, o0 = TE 182 g,
= —315°
17. s =19 18.
s = 15(%“)
s = 3b6.3 cm
19. 150° = 150° X 755 20.
s=r0
s = 15(%)
s=39.3 cm

Understanding and Using the

. angular

. amplitude
. phase

. frequency

domain

Skills and Concepts

™

—75° = —=T5° X 1g0e
_ _bm
12
5w 5w _ 180°
%~ 6 X a
= 150°
2.4 =24x "
=137.5°
75° = 75° X Tg00
_ 5w
~ 12
s=rb
5w
s = 15(5)
s~ 19.6 cm
s=rb
5= 15(%)
s~ 9.4 cm

21. 5 X 27 = 107 or about 31.4 radians

22, 3.8 X 2w = 7.6w or about 23.9 radians

23. 50.4 X 2m = 100.8m or about 316.7 radians
24. 350 X 2w = 700w or about 2199.1 radians

25. 1.8 X 27 = 3.67 26.
9
W=7
_ 36w
w="5

w =~ 2.3 radians/s

27. 15.4 X 27 = 30.8w 28.

3.6 X 21 = 7.27
_ 9

W=y

_ 72w
W=y

w =~ 11.3 radians/min
50 X 27 = 1007

0 0
W=7 w=7
_ 30.8w _ 100w
@w= "5 @ = 9
w =~ 6.5 radians/s w = 26.2 radians/min
29. -1 30. 0 31. 1 32. 0
33. 0= 42 =7
y y = 4c0s 20

2m ™
34. 00.50= 0.5, = 5

y=0.5sin 46

AANANNANN S
VAR AVAVE

1 1 27
35. U—30=3; 1 =4
2
y
1..
y=—3cos§
~0 7 2 N4 67 6
_1..
2m ™ c
36. A0 =4 ey —4 = 2m h=-1
A= =4 k=4 c= 8
y=*4¢in (46 + 8m) — 1
2w c ‘rr
37. DAO= 0.5 S = —5232 h =
A==+05 k=2 c=—5
. 2
y=i0.3581n<2027 ?>+3
T m C
38. A0 =7 7 =1 —5=0 h=
A==+2 k=38 ¢c=0
y=+2cos80+5
120 — 80 2m 120 + 80
39. A=—",— =1 h=—"5—
A =20 k= 2w h =100
y = 20 sin 2wt + 100
130 — 100 2m 130 + 100
40. A = 1% 2= h =200
A=15 k= 2m h =115

y = 15 sin 2wt + 115

41. period: quT or 2m, no phase shift, no vertical shift

Chapter 6



Page 417 Applications and Problem Solving
— o vertical shift 50a. A=115 27 =12 - =3  h=64
6

k=

=3E]

__m
=7

. "
y= 11.581n< t—5)+64
50b. April: month
y = 11.5 sin (
y= 11.5sin<%-4f%> + 64
y = 69.75; about 69.8°

50c. July: month 7

Y ERGS-YE]

v
t—5)+64

78 y = 11.5 sin (%t - %) + 64
i\et /1 = 115sin(5-7-3)
| | y=115sin(g -7 —5)+ 64
dg ol y =~ 74.0°
1 1 1 F
P2 | sl B =1 gno
1 1 0.2
! 5 ! 0.04 = 5.0(1) sin 6
e 0.04(5.0(1) sin 6) = 0.2
*,2 L . _ 0.2
. . sin 0 = 4 616.001)
44. vertical shift: —2 sing =1

m

ALY
1o}

I
I
1 O_/
I
<«-poK -
1 1
I
A
1 |
I
I

2

Rp——

Page 417 Open-Ended Assessment

1
1
i 1
Lo
! 1. A ?r 0
i 26.2 = 5120
1
Sample answer: r = 5in., 0 = 2?'”
45. Let 6 = Arctan —1. 46. Let 6 = Sin~1 1. 2a. Sample answer: If the graph does not cross the
Tanf = —1 Sinf =1 y-axis at 1, the graph has been translated. The
g=-—" g="1 first graph has not been translated and the
4 2
. second graph has been translated.
47. If y = tan , theny = 1.
y
Cos_l(tan %) = Cos™ly //
=Cos™11
Let § = Cos™11.
Cosf=1 o) A 2’77 x
=0
48.Ify = Sin "1 2 theny = . 1
sin(Sin*1 %) =siny
= sin % 1]/ 1
_ V3
)
49. Let o = Arctan V'3 and B = Arcsin % . . . .
Tan o« = V3 SinBzé Fo 77 2w X
a=7 B=7
.1 11
cos (Arctan V'3 + Arcsin 5 =cos (@ + B)
= cos (% + %) 2b. Sample answer: If the equation does not have
. om the form y = A cos k0, the graph has been
T €08y translated. The graph of y = 2 cos 26 has not
=0 been translated. The graph of y = 2 cos (26 + )
— 3 has been translated vertically and
horizontally.

Chapter 6 202



Page 419

1. Since there is no diagram, draw one. Sketch a

Chapter 6 SAT & ACT Preparation

SAT and ACT Practice

right triangle and mark the information given.

3

Notice that this is one of the “special” right
triangles. Its sides are 3-4-5. So the hypotenuse is
5. The sine is opposite over hypotenuse (SOH).

sinf =%

The correct choice is B.

. Let x be the smaller integer. The numbers are two
consecutive odd integers. So, the larger integer is 2
more than the first integer. Represent the larger
integer by x + 2. Write an equation that says that
the sum of these two integers is 56. Then solve for x.
x+ (x+2) =56

2x + 2 =56
2x = b4
x =27

Be sure to read the question carefully. It asks for
the value of the larger integer. The smaller integer
is 27 and the larger integer is 29.

The correct choice is C.

. Factor the numerator.

az — b2 = (a+ b)a—b)

(sin 0 + cos 0)(sin 6 — cos 6)

Snf —cosd = gsin 6§ + cos 0

The correct choice is B.

. First find the coordinates of point B. Notice that
there are two right triangles. One has a
hypotenuse of length 15 and a side of length 12.
This is a 3-4-5 right triangle. The coordinates of
point B are (9, 12).

Since point A has coordinates (0, 0), each point on
side AB must have coordinates in the ratio of 9 to
12 or 3 to 4.

The only point among the answer choices that has
this ratio of coordinates is (6, 8).

A slightly different way of solving this problem is

to write the equation of the line containing points

A and B.
12
y="g«x

Then test each point to see whether it makes the
equation a true statement.
You could also plot each point on the figure and
see which point seems to lie on the line segment.
The correct choice is E.
. Factor the polynomial on the left side of the
equation.

¥ —-2x—8=0
x—DHx+2)=0

203

. Sincex>1,1—-x<0.Sox! " *=

If either of the two factors equals 0, then the
statement is true. Set each factor equal to 0 and
solve for x.
x+2=0

x= -2

x—4=0 or
x=4

The solutions of the equation are 4 and —2. To

find the sum of the solutions, add 4 + —2 = 2. The

correct choice is D.

. You may want to label the triangle with opposite,

adjacent, and hypotenuse.

adjacent opposite

hypotenuse

To find cos 6, you need to know the length of the
adjacent side. Notice that the hypotenuse is 5 and
one side is 3, so this is a 3-4-5 right triangle. The
adjacent side is 4 units.

Use the ratio for cos 6.

adjacent 4

cos 0 = hypotenuse =5

The correct choice is C.

. Look at the powers of the variables in the

equation. There is an x2 term, an x term, and a y
term, but no y2 term. It cannot represent a line,
because of the x? term. It cannot represent a circle
or an ellipse or a hyperbola because there is no y?
term. So, it must represent a parabola.

The general form of the equation of a parabola is
y = a(x — h)2 + k. The correct choice is A.

. Factor each of the numerators and determine if

the resulting expression could be an integer, that
is, the numerator is a multiple of the denominator.

16n+16  16(n+1) . .

1 nil1 = n+1 = 16;aninteger
16n+16  16(n+1) n+1 .

11 6n =  16n = n > notaninteger
16n’+n  n(6n+1)  16n+1 .

11T 6n = 160 = 16  notaninteger

Only expression I is an integer.

The correct choice is A.

1
XX = 1
< 1.

Sincex > 1,x*~1>1.So
The correct choice is D.

1
xx*l

Chapter 6



10. Notice that the triangles are not necessarily
isosceles. In AADC, the sum of the angles is 180°,
so mJCAD + mOACD = 80. Since segment AD
bisects OBAC, mOBAD + mUOCAD. Similarly,

mOBAC = mOACD. So, mOBAD + mOBCD = 80.

Chapter 6

204

Add the two equations. mOCAD + mOBAD +
mOACD + mOBCD = 160, so two of the angles in
AABC have the combined measure of 160°.
Therefore, the third angle in this triangle, OB,
must measure 20°. The correct answer is 20.



Chapter 7 Trigonometric Identities and Equations

7-1 | Basic Trigonometric Identities

Page 427
1.
2.

10.

11.

.‘can@:L cot § =

.sec=—_,

Check for Understanding

Sample answer: x = 45°

Pythagorean identities are derived by applying
the Pythagorean Theorem to a right triangle. The
opposite angle identities are so named because —A
is the opposite of A.

1 cos 0
tan 6° sin 6

povrs = cot 0,

1+ cot? 0 = csc2 6
sin (—A)

. tan(—A) = cos (—4)

_ —sinA
T cosA
_ sinA

T cosA

= —tan A

. Rosalinda is correct; there may be other values for

which the equation is not true.

. Sample answer: § = 0°

sin§ + cos § 2 tan 6
sin 0° + cos 0° 2 tan 0°
0+120
1#0

. Sample answer: x = 45°

sec?x +cscZx 21
sec2 45° + csc? 45° 2
(V22 + (V2)? 2
24+ 22

I
ko ko (ko
[

sec = 2
3

secf =

o | o
o+

)

=]

>

Il

I
o

sinZ 6 + cos26 =1

(—é)2+cos20 =1
1 20 —
95 T cos“0 =1

24 _ 24
cos® 0 =5

5
cos 0 = iZ\/é

5
2V6
Quadrant III, so —%—
tanZ6 + 1 = sec2
<*%>2 +1 =sec?d

% +1 =sec?6

65
5 _ 2
19 — sec” 6

V65
+— =sgsecl

-7
V65
Quadrant IV, so -

T ™
12. 5= 2m + 5
T ™
COS 3~ = €08 (2q-r +3>

_ o
= COs 3

13. —330° = —360° + 30°
1
cse (—330°) = Sin (—330°)
1
= sin (—360° + 30°)
1

" sin 30°
= csc 30°
1
csc 0 sin 6
14. cotd . cosf
sin 0
1 sin 6
" sinf cosf
_ 1
~ cosf
= sec 0

1
15. cos x csc x tan x = cos .’XJ( sin x)(

=1

16. cos x cot x + sin x = cosx(
_ cos®x
T sinx

cos
sin x

X

sin x
cos x

+ sin x

cos? x + sin? x

- sin x
1

sin x

= CsCXx
17. B="9"
BIt = Fcsc
F= i
F = Bl )
F = Bl{sin 0
Pages 427-430 Exercises

18. Sample answer: 45°
sin 6 cos 0 2
sin 45° cos 45° 2 cot 45°

(4)(%)

571
19. Sample answer: 45°
secl , .
tan 0 = SIN 0
sec 45° . °
tan 450 = SIn 45
Va2 o, V2
1 = 2
V2 # %

)

)+sinx

Chapter 7



20. Sample answer: 30°

Cos X

sec?x—12 csox
2 Mo _ cos 30°
sec? 30 12 3500
V3
(&)2 g =
3 = 2
12, V3
9 = 4
1, V3
57 4
21. Sample answer: 30°
sinx + cosx 2
sin 30° + cos 30° 2 1
1, V3
PREFIE
1+2\/§¢ 1

22. Sample answer: 0°
sinytany 2 cosy
sin 0° tan 0° 2 cos 0°
0-021
0#1
23. Sample answer: 45°
tan?A + cot2A 2 1
tan? 45° + cot? 45° 2 1
1+121
2#1
24. Sample answer: 0

cos(0+g>¢cos0+cos%

[Fo

cos(O-i—%)#cosO-i—cosg

kU ku
cos 5 # cos 0 + cos 5

0#1+0
0+#1
25. cscb = 5 26. cot § =
1
csc = o cot 6 =
5
_5 _
CSC(9—2 cot @ =
cot 6 =
27. sin? 6 + cos?26 =1
2
(}1) +cos?26 =1
%6+cos20:1
24 _ 15
cos 0716\/_
cos0=i%
Quadrant I, so @
28. sin? 6 + cos? 02=1
o) 2\
sin 0+( 3) =1
sin20+%=1
sin? 9 = 2
sin6=i§

5
Quadrant IT, so 73~

Chapter 7

29. 1 + cotZ § = csc? 9

2
29— (V11
1 + cot 07( 3)
1+ cot? =41
cotQGZ%
cot0=i%
Quadrant II, so 7%

30. tan?0 + 1 = sec2 6

tan?6 + 1 = (*%)2

tanZg + 1 =22

16

29 = 9
tan= 6 16
3

= +=2

tan 0 *+

Quadrant II, so —%

31. sin?6 + cos?26 =1
(—%)2 +cos?f =1
§+cos?l=1

cosZ g = %
cosf = *+ ZT\/E
Quadrant III, so cos 6 = —27\@
_ sin#f
tan § = cos 0
_1
3
tan § = B
3
tan § = 27\1/5 or ?
32. tanZ 0 + 1 = sec? 0
2\2 9
(g) + 1 = sec*0
%4' 1=sec?0
% = sec2 9
i%)’ = secf
Quadrant III, so sec 6 = —@’
_ 1
cos § = sec 6
1
= ——
cos Y
3
cosf = ——> or _3V13
V13 13
83. cos § = selce sin? 0 + cos26 = 1
1 : 5\2
cosf = — s1n20+<—7) =1
— - s
. 5 sin“ 6 + 9 1
cos = —2 P
7 sin“ 6 = 9
sinf = = 27\/6
Quadrant ITI, so — QT\/é



34. sec § = L tanZ6 + 1 = sec2 6
cos 0
1 tanZ6 + 1 = 82
sec = T tan260 + 1 = 64
3 tan? 6 = 63
tan 6 = + 37
sec =8 an
Quadrant IV, so -3V7
29— 2 : _ L
35. 1 + cot“f = csc* 6 sinf =
1
2 L
1+(—%> = csc2 0 sinf= _5
3
16 _ .02 i - _3
1+ g = csc 0 sin 6 5
2—95=csc29
5 _
ig—cscﬁ
5

Quadrant IV, so —
1+ cot?0 = csc2 6
1+ (—8)% =csc2 9
1+ 64 =csc2f
65 = csc2 6

*+*V65 = cscl
Quadrant IV, so —V65

w|

36.

sin? 6 + cos? 6 = 1
2
sinZ 6 + (—%) =

37.
1

1
13

16
V13

1 = + Y=
sin § = *= 1

2 3
sin 0+16

sinZ 6

Vi3

Quadrant II, so 1

sin 6
cos 0

Vis
4
tan § = v

tan § =

tan 0 = —

secZA — tan? A
2sin2 A + 2cos? A

38. 390° = 360° + 30°
sin 390° = sin (360° + 30°)
= sin 30°
27w _ 3w
g Tomt %
27T _ 3
cos Tﬂ = cos (317 + ?””)

_eps 3T
COS8

39.

207

41.

42.

43.

44.

45.

46.

47.

19
e - aem -3
sin 157
197 _ 5
tan T = 197“
cos —;
sin (2(2m) — 7}
" cos (2(217) - %)
o
_ —siny
B ™
cos 5
T
= —tan 5
10w m
A
10w 1
eS¢ = . 10w
sin =5
1
~ sin (317 + %)
1
= o
—sin 5
_ s
—csc g
—1290° = —7(180°) — 30°

1
sec (—1290°) = 13909 (—1290%)
1
= cos (—7(180°) — 30°)
1

—cos 30°
= —sec 30°
—660° = —2(360°) + 60°
o o _ cos (—660°)
cot (—660°) = " Tee0) (Z660°)
_ cos (—2(360°) + 60°)
~ sin (—2(360°) + 60°)
__ cos 60°
~ sin 60°
= cot 60°
1
sec x cos x
tanx  SInx
cos x
1
T sinx
= CsCX
cos 6
cotf sin 0
7=
€08 cos 6
1
sin 0
=cscf
sin (6 + ) _ —sin 6
cos (f —m) ~ —cosf
=tan 6

(sin x + cos x)2 + (sin x — cos x)?

sin x + 2sin x cos x + cos? x + sin
— 2sin x cos x + cos? x

2sin? x + 2 cos? x

= 2(sin? x + cos? x)

=2

2

X

Chapter 7



48.

49.

50.

51.

52.

53.

54.

55.

. tx = si ( 1 )(cos x)
SN X COS X SeC X cot X = SIn X €08 X ooz 7 \ o x
= Ccos X
. sin x . cos X
cos x tan x + sin x cot x = cos x(cosx) + sin x(sinx>
=sinx + cos x
1 cos 6
(1 + cos B)(csc @ — cot ) = (1 + cos 0)(sin6 - sin9)
1—cosf
= (1 + cos 9)( e >
_ 1= cos? 0
~ siné
_ sinZ §
sin 0
= sin 6

1+ cot? 9 — cos? 6 — cos? 6§ cot? §
1+ cot2 0 — cos2 (1 + cot? 0)
csc? 0 — cos? f(csc? 6)
esc? 0(1 — cos? 6)
csc? O(sin? 6)
o
=1
sin x
1+ cosx

sin x
1—cosx
sin x — sin x cos x

- 1 — cos? x

sin x + sin x cos x

1—cos®x

_ _2sinx
T 1-cos’x
2 sin x
sin x

2

sin x

= 2csc x
cos? a + 2c0s? o sin? a + sin? o = (cos? o + sin? a)?
=120r1
I=1, cos? 0
0 =1, cos? 6
0 = cos? 0
0 =cos @
cos"10 =40
90° =6
Let (x, y) be the point where the terminal side of
A intersects the unit circle when A is in standard
position. When A is reflected about the x-axis to
obtain —A, the y-coordinate is multiplied by —1,
but the x-coordinate is unchanged. So,
sin (—A) = —y = — sin A and
cos (—A) = x = cos A.

y
x Y

A

F—A X

(X1 _y)

Chapter 7
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56a. o=t
eAs = Wsec b
eAs
sec 0
W = eAs cos 6
56b. W = eAs cos 0

W = 0.80(0.75)(1000) cos 40°
W = 459.6266659
459.63 W

57. Fy —mgcosf =0

58.

59.

60.

Fpy = mgcos 0
mgsin @ — u,Fy =0
mg sin 0 — p,(mgcos ) =0

pr(mg cos 0) = mg sin 6
_ mgsinf
'uk_mgcose
__ sinf
Mr = coso
pp = tan @
a/\
a
360° _ 180° 2 _a  _a
0=-5, =,  tanf = h,soh—Ztana—QcotG.

180")
n

. . L1
The area of the isosceles triangle is g(a)(g cot

a2 180° .
= cot ( . ) There are n such triangles, so
1 180°
A= Zna2 cot (—)

n

yA B_;/g

E

0

|

|

|

el
F

D_'

sin § = EF and cos § = OF since the circle is a unit

circle. tan § = 5y = 7 = CD.

sec ) = o5 = <% = CO. AEOF ~ AOBA, so

o =54 _PA_ BA Thencot = <=0 = 9% _ pa,
Also by similar triangles, 7 = %, or ﬁ = 2.
Thencsc@zﬁzﬁ*%z OB

Cos™1 (~ ) = 135°



61.

~ . =

) X
o) 13w
6
_1 4+
62. 2(3° 30") = 7° ° = 7° X Tgos
_ Im
~ 180
s=rb
T
s = 20(@)
s=~2.44 cm
63. B = 180° — (90° + 20°) or 70°
. a b
sin A =~ cosA =
sin 20° = % cos 20° = 3%
35 sin 20° = a 35 cos 20° = b

11.97070502 = a
a=12.0,B="70° b= 329

64.21 2 1 -8 —4
4 10 4
2 5 200

22 +Bx+2=0
Cx+1Dx+2) =0
2+ 1=0o0rx+2=0

x=—% x=—2
1
2,3, 2
65. 202+ Tx —4=0
x2+%x72=0
x2+%x:2

49

7 49
24 L 49 _
X +2x+16—2+16

T2 _ 8
<x+4) =16

7 9
T_ .9
x+4 *y
7.9
= —— + =
< 4= 4
x=050r —4

66. continuous
67. 4(x + y — 22) = 4(3)
—4x—-—y—2z=0 -

32.88924173 = b

4x + 4y — 8z =12

z= 0

x+ y—2z= 3
—x— by +4z=11
—4y + 2z =14
43y — 92) = 4(12) -
3(—4y + 2z) = 3(14)

3y —9z=12

12y — 36z = 48
—12y + 6z = 42

—30z = 90
z=-3
3y — 9z =12 x+y—2z =3
3y —9(—=3) =12 x+ (=5) —2(-3) =3
y=- x =2
2, -5, —-3)

209

4-2
68. m =", ; y =y = mE =)
2 2 2
=—gor—yg y—4=—g-(-9)
2 28
Y= ety

69. mOBCD = 40°
40 = %m(/B;E)
80 = m(BC)
mOBAC = ymBC
mOBAC = (80)

mUOBAC = 40°
The correct choice is C.

7-2 | Verifying Trigonometric Identities
Page 433 Graphing Calculator Exploration
1. yes 2. no 3. no

4. No; it is impossible to look at every window since
there are an infinite number. The only way an
identity can be proven is by showing algebraically
that the general case is true.

AN A
NS

[—2, 27] scl:% by [-2, 2] scl:1
sin x

Pages 433-434 Check for Understanding
1. Answers will vary.

2. Sample answer: Squaring each side can turn two
unequal quantities into equal quantities. For
example, —1 # 1, but (—1)2 = 12,

3. Sample answer: They are the trigonometric
functions with which most people are most
familiar.

4. Answers will vary.

cot x
cscx

5.cosx X

CosS X
cosx 2 sinx
=1

sin x
COS X 2 COS X
= 1

COS X = COs X

Chapter 7



6 1 ? COos X
' tanx+secx  sinx+ 1
1
sin x 1 p 08
= —— T sinx+1
cos x cos x
1 , _cosx
smx+T = 5
cos x
cosx _ COSX
sinx+1 = sinx+1
1
_ N —
7.csc —cotf 2 - o
1 cscf — cot 6

[l

csc § — cot § cscf +cotf  csch — cot

csc  — cot 6
csc2 0 — cot? 0
csch — cotd
(1 + cot? ) — cot? 6
cscf — cot
= 1
csc O — cot 0

[l

csc 6 — cot 6

|

csc § — cot 0

csc  — cot @

csc O — cot 6

8. sinftanf 2 sec — cos 6

. 1
sinftan 6 2 - — cos 6

. 1 cos? 0

2 _ v
sinftan 6 2 cos 0
. 1 — cos?f
2 7" 7
sin f tan 6§ 2 — =
in2

. , sin 0
sin f tan 6 2 -

. I sin 0
sinftan 6 Z sin 6,
sin 6 tan 6 = sin 6 tan 6

9. (sinA —cos A)2 21 — 2sin? Acot A

1-2sin2AcotA
1 - 2sin?Acot A

sin? A — 2sin A cos A + cos? A
1—-2sinAcos A

[l Ik I

. sin A .
1—2sinAcosA G 4 21— 2 sin? A cot A
_ .9 cosA _ .9
1-2sin"A 5 4 21— 2sin“AcotA
1—-2sin2AcotA=1-2sin2AcotA
. 1
10. Sample answer: sin x = -
1
tanx=zsecx
tanx 1
secx 4
sin x
coS X zl
1 4
Cos X
: _1
sinx =
11. Sample answer: cos x = —1
cot x + sin x = —cos x cot x
COS X + . _ COS X
Sine T SINX = —cosx g
cos x + sin? x = —cos2 x
cos? x + sin? x = —cos x
1= —cosx
cosx = —1
Icos @ Icot 6
12. R?2 = RZcsch
cos 6
Icosf Isjno
R2 = 1
2
R sin 6
Icosé)
Icosb sin 0 sin 0
5 = —
R R2 1 sin 0
sin 0
I cos 6 Icos 6
TR T R
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Pages 434-436 Exercises
sec A
13. tan A 2
1
tan A 2 cosA
=1
sin A
sin A
tan A 2
tan A = tan A
14. cos 6 2 sin 6 cot 0
. cos 6
cosf £ sinf
cos 6 = cos 0
1—sinx
15. secx —tanx = —_ -~ —
—t Y 1 _ sin x
secx an x £ Cos X Ccos X

secx —tanx = secx — tan x
1+ tanx

?
16. sinx + cosx = S€CX
sin x
1+ cos x ? sec x
sinx + cosx
sin x
1 + Ccos X
cosx T 2 gecx
cosx  SINn X + COS X
cos x + sin x 5
cos x(sinx + cosx) = S€CX
1 ?
cosx = sec X
secx = secXx
17. secxcscx X tanx + cot x
secx cscx 2 sinx | cosx
= cosx sin x
, sinx sinx COSX  COS X
SECXCSC X = o5y " sinx sinx cosx
2 2
secxescx 2 ——- <Cosx
= cosxsinx sin x cos x
, sin?x + cos? x
SeC X CsC X £ €0S X Sin X
1
2 ——
SeC X CSC X = €OS x Sin x
1 1
? .
SeC X CSC X = cosx | sinx
SeC X CSCX — seC X CsC X
25sin0 — 1

18

|

sin 6 + cos 0

sin 6 — cos 6
2 sin? § — (sin% 6 + cos? 6)
sin 6 — cos 0

[l

sin 6 + cos 0

sin? § — cos? 0
sin 6 — cos 0
(sin 6 — cos 6)(sin 6 + cos 6)
sin 6 — cos 0

o

sin 6 + cos 6

[l

sin 6 + cos 0

sin § + cos § = sin 6 + cos 6
2 +secAcsc A

. 2 9
19. sin A + cos A)* £~ oA
) 2 5 2 sec A csc A
(Sln A + cos A) = secAcscA sec Acsc A
. 2 2 1 . 1
(sinA +cos A)* 2 20 = - Ca+ 1

?

(sin A + cos A)2 2 2cos Asin A + 1
(sin A + cos A)2 2 2 cos Asin A + sin2 A + cos2 A
(sin A + cos A)? = (sin A + cos A)?



20. (sin # — 1)(tan 6 + sec )
sin f tan 0 — tan 6 + sin 0 sec § — sec 0
. sin 6 sin 6 . 1 1
sin ¢ cosf  cos 6 + sin g cosf  cosO
sin2f — sinf + sinf — 1
cos 0
sin?0 -1
cos 6
—cos? 6
cos 6
—cos 0
cos y , l+siny
21. 1—siny = cosy
cos y l+siny , 1+siny
1—siny 1+4+siny = cosy
cosy(l —siny) , 1+siny
1-sin2y = cosy
cosy(l +siny) , 1+siny
cos? y = cosy
l+siny 1+siny
cosy cosy
22. cos 0 cos (—6) — sin f sin (—6) 2 1
cos 0 cos f — sin f(—sin 6) 2 1
cos2f +sin20 2 1
1=1
2
_ ° cot® x
23.cscx — 12 7
2
_ , escfx — 1
cscx 1z cscx + 1
1z (cscx + 1)(escx — 1)
. = escx + 1
cscx—1=cscx—1
24, cos Bcot B 2 csc B—sin B
P S
cos Becot BE 5 —sinB
1 sin? B
? _
cos Beot BE 5 — 1B
1 - sin? B
? [ —
cos Beot B2 — &
2
 C0S B
cos Beot B 2
N cos B
cos Beot B 2 cos B 3
cos B cot B = cos Bcot B
25. sinf cos ftan f + cos20 2 1
. sin 6
29 2
sin § cos 6 5 + cos® 6 X 1
sin? 0 + cos?6 2 1
1=1
1—cosx
_ 2 =P
26. (cscx —cot x)* & 7%
2. 9 2 1—cosx
csc”x — 2 escxcot x + cot® x 2 T
1 1 cosx | cos’x . 1—cosx
sin? x sinx sinx sinfx = 1+ cosx
1— 2cosx + cos®x 1—cosx
sinZ x = 1+ cosx
(1 — cos x)2 1 — cos x
1—cos®2x = 1+cosx
(1 — cos x)% , 1—cosx
(1 —cosx)(1 +cosx) = 1+ cosx
l—cosx 1—cosx
1+cosx 1+cosx

[l

ol

o

—cos 6
—cos

—cos 0

—cos 6

—cos 6

—cos 6

—cos 6

211

. , _ COSX sin x
27.sinx +cosx 27—+ T i
] , _COosx sin x
sinx + cosx X 1 sin x ] — fsx
cos x sin x
. N ) Ccos X oS X sin x sin x
Smx T+ COS X = sinx  cosx cosx  sinx
cos X sin x
cos? x sin? x

o

sinx + cosx 2

cos x — sin x

cos? x

sin x — cos x

sin? x

|-

sin x + cos x

2 2

sin
sin x — cos x

&

sin x + cos x

2

sin x — cos x

sin x — cos x

X — cos” x

(sin x + cos x)(sin x — cos x)

sin x + cos x

sin x + cos x

28. sin 0 + cos 6 + tan 0 sin 6

. sinf .
sin 6 + cos 0 +  y sin 6

sin 6 + cos 6 + Sci:—:;
2 in2

sin 6 + cos i;s— esm [4

sin 0 + o5l

sin 6 + sec 0

sin 6 Zzzz + sec 6

cos 0 :;rslz + sec 6

cos O tan 6 + sec
secf + cos 0 tan 0

sin x — cos x
sin x + cos x

?

2 sec + cos 6 tan 6

sec 0 + cos 0 tan 0
sec 0 + cos 0 tan 6
sec § + cos 0 tan 0
sec 0 + cos 0 tan 6

sec f + cos 0 tan 0
2 secf + cos 6 tan 6

sec f + cos 0 tan 0

sec f + cos 0 tan 0

2 secf + cos 6 tan 6
secf + cos 0 tan 0

29. Sample answer: sec x = V2

csex
cot x
1
sin 0
cos =
sin 6

Lovz

COsS X
secx = V2

30. Sample answer: tan x = 2
l+tanx 9

1+cotx

1+ sin x

cosx  _ 9

V2

V2

1+ 282

sin x

cos x + sin x

cos x =9

sin x + cos x
sin x

sinx

cos x

tanx = 2

=2

31. Sample answer: cos x = 0
1 secx

cot x cscx | COSX
1

cosx  —
1

tan x — = Ccos X

sin x
sin x

tanx — —___ =

oS X COs X

tanx —tanx =
0=

COos X
COos X

Chapter 7



. 1
32. Sample answer: sin x = 3

1+ cosx sinx
sin x 1+ cosx =4
1+ 2cos x + cos? x sin? x _
sin x(1 + cos x) sin x(1 + cos x) 4
1+ 2cos x + cos? x + sin? x _
sin x(1 + cos x) =4
2+2cosx
sin x(1 + cos x)
2(1+cosx)
sin x(1 + cos x) 4
2
sinx 4
2=4sinx
1 .
E: sin X

33. Sample answer: sinx = 1
cos?x +2sinx—2 =0
1—sin?x+2sinx—2=0
0 =sin2x —2sinx + 1
0 = (sinx — 1)2
0=sinx—1
sinx =1
34. Sample answer: cot x = 1
csc x = sin x tan x + cos x

R sin x T
CsC X = SAII?xcosx K COS X
_ slnzx COos“ X
CSCX = "o x cos X
1
CsC X = oS X
11
sinx ~ cosx
COos X _
sinx
cotx =1
tan3 9 — 1 9
35. tang_1 —seccf0—1=0

(tan  — 1)(tan? 0 + tan 0 + 1)

— (tan20+1)—-1=0

tanf — 1
tan20 + tanf+ 1 —tan2—1—1=0
tanf —1=0
tanf =1
cot b = p
cot6=%
cotf =1
36. no

[—2m, 2 m] scl:% by [-2, 8] scl:1

37. yes

T T [T

[—2m, 2 m] scl:% by [—4, 4] scl:1
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38. yes

[—2, 27] scl:g by [—4, 4] sc1:1

39. no

[—2m, 27] scl:g by [—4, 4] sc1:1
40a. P = IO2R sin? 27 ft
P= IOZR(I — cos? 2xft)
40b. P = IOQR sin? 21ft
IR

T csc? 2nft

41 f0) = Vi ga

étan@

o) = :
1+ 4(% tan 0)
% tan 0
fl) = V1 + tan2 6
1
5 tan
) = \/secZ 8

%tanﬂ

flx) =

sec 0
1 sing
2 " cosf
flx) = 1
cos 6
1 .
flx) =5 sin 0
sin @
sin ¢

42. sina =sinasincl sina =

cos 3
sin «

cos b = 0 cos 3 = sin o cos b

cos ¢

cosc=cosacosbl cosb="__,

Then cos B = sin a cos b
sin a
sin ¢
sina

cosc
" cosa
cos ¢
" sinc

cos a

tan a cot ¢

x sin 0
cos 0

_ g
Y= 2[102 cos? 6

43.

— o2
y = 2‘;’7”2 sec?§ + xtan 6
0

gx? 2
y = “aug? (1 + tan®6) + x tan 6




44.

45.

46.

47.

48.

49.

50.

We find the area of ABTP by subtracting the area
of AOAP from the area of AOBT.

%OB-BT—%OA-AP— 1- tan@—écos@smG

2"
=%<:)r;g — cos 0 sin 0)
:%sm G(Cola cos 0)
1 cos® 6
:ESIH e(cose cosG)
1 1— cos? 6
:ESIHG( cos ¢ )
1 sin? 6
= 5 sin 6327
1 sinf .
~ 2 cost sin? 0
=%tan0sin29
By the Law of Sines, 3 = Siza, so b =%.
Then
=%absiny
1 [(asinfB) .
Azga(m>smy
_ a’sinBsiny
A= 2 sin «
A= _ a’sinfsiny
= 25in (180° — (8 + v))
A= a® sin B sin y
T 2sin (B + )
S
tan x + cos x + sin x tan x COoSs X +cosx+smxcosx
sec x + tan x - 1 sin x
cosx | cosx
_ sinx + cos®x + sin®x
- cos x
1+ sinx
COosS X
_ sinx+1 cos x
~ cosx l+sinx
=1
[AD = 2 % = 180° —£ = 45°
A==*2 k=2 c = —90°
y = *=2sin (2x — 90°)
16m _ 16w  180°
16 ~ 16 T
= 168.75°
168.75° = 168° + (0.75° x |
= 168° + 45’
168° 45’
V3y-1-2=0 Check: V3y —1-2=0
Vy-1=2 V3@ —1-2 20
3y—1=38 V8-2 20
y=3 2-2 =0
x+1=0
x=-1
f(x) x+1
3
YT x+1
y(x + 1) = 3x
yx +y = 3x
y =3x — yx
y=x3 -y
3-y X
3—y=
y=3

51.

52.

53.

Let x = the number of shirts and y = the number
of pants. y

x + 1.5y = 100 10 2.5x+ 2y = 180

2.5x + 2y = 180 (0, 65)

1.5x + 3y = 195
x=0 60
y=0

x+ 1.5y =100
(40, 40)
1.5x+ 3y =195

P(x, y) = bx + 4.5y
P(0, 0) = 5(0) + 4.5(0) or O
P(0, 65) = 5(0) + 4.5(65) or 292.50
P(40, 40) = 5(40) + 4.5(40) or 380
P(72, 0) = 5(72) + 4.5(0) or 360
40 shirts, 40 pants

{16}, {—4, 4}; no, 16 is paired with two elements of
the range
a—-b  b-—a a-b b+ta
at+b  b+a a+b b-a
_a=-b a+b
T a+b —1la-b)
=-1

The correct choice is D.

7-3

Sum and Difference Identities

Pages 441-442
1.

2.

3. The opposite side for 90°

4. cot (o + B) =

Check for Understanding

Find a counterexample, such as x = 30° and

y = 60°.

Find the cosine, sine, or tangent, respectively, of
the sum or difference, then take the reciprocal.

— A is the adjacent side
for A, so the right-triangle ratio for sin (90° — A) is
the same as that for cos A.

N A

1
tan (a + )

1
tan o + tan 3
1 —tanatan

_l-tanatang
tan o + tan

1 1
1 — .
_ cote cotB cotacotf
= 1 1 : cot a cot B
cot o cot 3
_ Cotacotf—1
T cota + cotfB
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5. cos 165°

kU
6. tan 75

= cos (45° + 120°)
= cos 45° cos 120° — sin 45° sin 120°
_ V2 .(_;) _ V2 V3
2 2 2 2
V246
4
= tan (% - E)

v ku
tan 3~ tan 7

1+tan%tanf

D
T 1+V3-1
_ —4+2V3
= -2
=2-V3
7. 795° = 2(360°) + 75°
sec 795° = sec 75°
cos 75° = cos (30° + 45°)
= cos 30° cos 45° — sin 30° sin 45°
_ V3 vz 1 V2
- 2 "2 T2 2
_ V6-Va
= 4
4
sec 7195° = 55
=V6+ V2
8. cosx=V1-—sin?x cosy =V1-—sin?y
1\2
o -ty
6 \/_ _ /B Vi5
81 © T V16 0r 4

sin(x—y)=s1nxcosy—cosxsiny

= (55 - ()

_ 4VI5- V65
36
9. cscx = L cosx=V1—sin?x
s x
5_ 1 _ <§)2
3 7 sinx 1= 5
: 3 _ |16 4
sinx = =4/ 350r;
_ sinx
tan x = cos %
3
5 3
= 4 0ry
5
. sin y
sin y 1—cos?y tany—E
5 \2 12
= 1_(13) 13 12
= TOI‘ 5
144 12 -
= ﬁorﬁ 13
tanx + tany
tan (x +y) = 1—tanxtany
3 12
175
3\(12
1- (1))
63
20
= _4
5
_ _63
~ 16
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10.

sin (90° + A) 2 cos A

sin 90° cos A + cos 90° sin A 2 cos A

1-cosA+0-sinA 2cosA
cos A =cos A

v
11. tan (0 + E) L —cot @
. ™
sin (9 + 5)
—= 2 —cot f
ku
cos (0 + 2)
. T .oom
sin 6 cos 5 + cos 6 sin &
2 —cot 6
T . .o
cos 6 cos 5 — sin 6 sin 5
(sin0) -0+ (cos®) -1 2 —cot f
(cos 0) -0 — (sinf) - 1
cos 6
_Losv o,
sinf = cot ¢
—cot§ = —cot 6
12. sin (x — y) 2 L-cotxtany
csc x secy
1- cosx siny
) ) sinx cosy
sin (x —y) 2 1 1
sinx cosy
1- cosx siny
) B ) sinx  cosy sin x cos y
sin (x y) = 1 1 sin x cos y
sinx cosy
sin (x — y) 2 sin x cos y — cos x sin y

1

sin (x — y) = sin (x — )
13. sin (nwyt — 90°) = sin nwt cos 90° — cos nwt sin 90°

Pages 442-445

14. cos 105°

15. sin 165°

. m
17. sin 75 =

sin nwyt - 0 — cos nwyt - 1
—Cos nwyt

Exercises

= cos (45° + 60°)
45° cos 60° — sin 45° sin 60°

_i 1 MV2oVB
- ‘27 2 7 2
_\f V6
- 4
= gin (120° + 45°)
= sin 120° cos 45° + cos 120° sin 45°
_ V3 V2 (1)(@)
= "3 T {73\
_Ve-\V2
- 4
cos<%+%)
cos%cos% - s1n%sm%
V2 1 V2 V3
2 27 2 2
V2 -6

4

v m
sm(g—;)
sm%cos% — cos 5 sin
V3 V21 V2
2 "2 T 27 2
V6 - V2

4



18.

19.

20.

21.

22.

23.

24.

tan 195° = tan (45° + 150°)
__tan 45° + tan 150°
~ 1 - tan 45° tan 150°

) 1+ (-2
i
3-V3

3

T 313

3

6
(_1) _ i 1)
COoSs 19) = COS 4 3

_ M2 o1 V2o VB
=73 ‘2t 5 7
_ V2+Ve

- 4

tan 165° = tan (45° + 120°)

__tan 45° + tan 120°
1 — tan 45° tan 120°
1+ (=V3)
T 1-1(=V3)
1-V3
1+V3
_4=2VB 9 4 V3

-2
tan( + ?)

23w
tan — 5
T 5

tan i tan 3

1 ftan%tan%ﬂ
1+ (=V3)
T 1-1(-V3

=4%22\/§or72+\/§

735° = 2(360°) + 15°
sin 735° = sin 15°
sin 15° = sin (45° — 30°)
= sin 45° cos 30° — cos 45° sin 30°

_ V2 V3 V2o
2 T2 T 2 "2
_Ve-Va2

4
1275° = 3(360°) + 195°
sec 1275° = sec 195°
cos 195° = cos (150° + 45°)

= cos 150° cos 45° — sin 150° sin 45°
Vi V21 Va2

2 T2 T2 e

sec 1275° =

.o bm .
sin 12 — Sin

25.

26.

27.

28.

113 17
17; =40@2m) + -5

v

t 1137w ¢ L 171'r
CcO 12 = COo 12
17 T
tan =5~ tan( + )

tang + tan %

1- tan tan & 1

Il
3

g s _ 1
Ot 1 T3 +2

=2-V3

l—cosx cosy="V1-—siny
12\2

\/1_7 1_<37)

B / _J1225 35

= r17 = V1369 OF 37

sin x =

sin (x + y) = sinx cos y + cos x sin y
35 8\/12
(17)(37) + (17><37>
_ 621
~ 629
sinx = V1 — cos? x siny = V1 — cos?y
3\2 4\2
=J1-3) =J1-()
_ [16 4 _ /9 3
25 0T 5 25 O 5

cos (x — y) = cos x cos y + sin x sin y

= (§E) + (G)3)

_ 24
~ 25
cosx=V1-—sin?x siny = V1 — cos?y
8\2 3)\2
- 1_<17> - 1‘(5)
/225 15 16 4
= \/ 289 OF 17 :\/%org
Sin X sy
tanx=@ tany=@
8 4
a7 5
- 15 -3
17 5
_ 8 _4
T 15 3
tan x — tan y
tan (x_y) = 1+ tanxtany
8 4
15 3
= 8 4
T+753
12
15
=
45
_ _36
U]
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29. secx = VtanZx + 1
- VGBS

s1nx=7

cos (x +y) =
_ o
6V68 _ 5V34

102~ 102

_ 12V17-5V34

102

30. tan x =

cot x

m‘mm\mh—*

_tanx +tany
1 —tanxtany
5, V5
6 2

- (309)
10 + 6V5
12
= 12-5V5
12
_10+6V5
~12-5V5

270 + 122V5
19

tan (x +y) =

Chapter 7

cosy =

siny =

V1 —sin?y

ﬁ

cosxcosy — sinxsiny

-2

1

sec y

1

3

2

2

3
V1 — cos?y

2\2

1_<3)
5 V5
9 0T 73
sin y

cos y

V5

3 N5
5 ory
3

216

31. sinx:$ secy = Vtan2y + 1
1
-5 = (12) +1
3
3 169 13
=5 T V2 s
_ ) _ 1
cosx =V1-—sin“x COSY = ooy
-~ <§)2 _L
1-13 = 13
5
_ /6 4 _5
T 25973 =13
siny = V1 — cos?y
5\2
= J1-(3)
144 12
169 9T 13
cos(x —y) = cosxcosy + sinxsiny
=(5)3) + GIE)
5\13) T 513
_ 56
~ 65
1
sec(x—y)—cos(x_y)
1
56
55
_ 65
_56
32. cos a = V1 — sinZa sin 8= V1 — cos?p
2501f 5 4901" 7
sin (o — ) = sin o cos 3 — cos « sin 3
- (3)3) - (352)%°)
—\sN\7) T\ 5 7
_2-6V30
- 35
33. sinx = V1 — cos? x siny = 1—c0sy
1/1— 1/1—
8
f 601" 4
cos(x+y)=cosxcosy—sinxsmy
= (3 - (320
—\3\4) "\ 3 4
3-2V14
=12
34. cos <%+x)£fsinx
T . m . .
cos 5 cos x — sin, sinx 2 —sinx
O-cosx—1-sinx 2 —sinx
—sinx = —sin x
35. cos (60° + A) 2 sin (30° — A)

cos 60° cos A — sin 60° sin A 2 sin 30° cos A —
cos 30° sin A

%cosA—%sinA =écosA—§sinA
36. sin(A+m) 2 —sinA
sinAcosm +cosAsinm 2 —sin A
(sin A)(—1) + (cos A)(0) 2 —sin A
—sinA = —sin A



37. cos (180° + x) 2 —cos x _ ( ful
. ’ ( o )? 43. V; = IjwL cos |wt + 5
cos 180° cos x — sin 180° sin x 2 —cos x - -
—1-cosx—0-sinx 2 — cos x V= IOwL<cos wt cos 5 — sin wt sin E)
—Cosx = —Cosx V;, = IywL(cos wt - 0 — sin wt - 1)
1+ tanx .
38. tan (x +45°) X T V; = IywL(—sin wt)
tanx + tan 45° , 1+ tanx VL = — 0""L sin wt
1 —tanxtan45° = 1 —tanx
tanx+1 . 1+tanax sin [l(a + 5)}
1—(tanx)(1) = 1 —tanx 44. n = B e
l+tanx 1+ tanx sinﬁ
1—tanx ~ 1—tanx 2
. tan A + tan B : [l o]
P /- =
39.sin(A+ B) 2~ jcecB _ sin (o + 60°)
sin A sin B n= . 60°
) cosA ' cos B sm g
sin(A+ B) 2 Ca
11 sin (E + 30°>
cosA cosB n=—"———"""
sin A sin B sin 30°
cosA ' cos B .o« o .
: » . cos Acos B sin 5, cos 30° + cos 5, sin 30°
sin (A + B) = 1 . 1 cos A cos B n= 2 2
cosA cos B é
. sin A cos B + cos A sin B
sin(A+B) 2 . " 2[(sin3) VB (cos ) 1]
) . 2 2 2 2
sin (A + B) = sin (A + B)

|

40. cos (A + B)

1 —tanAtan B
sec A sec B

. o o
n:\/§s1n§+cos§

45. The given expression is the expanded form of the

1 sinA sin B
- . . . K v
A+ B2 cosA  cos B sine of the difference of 5 — A and 5 + A. We have
COs =
1 1 . ™ ju .
cos A cos B sin [(E - A> - (3 + A)] = gin (—2A)
| _ sind sinB = —sin 24
" cosA  cosB . .
cos A cos B fx +h) —flx) _ sin(x+h) —sinx
cos(A+B)2 1 1 " cos A cos B 46a. h -
cosA cos B _ sinxcosh + cosxsinh — sinx
cos A cos B — sin A sin B - h
cos(A+ B) 2
( ) 1 46b. V4, Sinxcos0.1 +cos xsin 0.1 — sin x
cos (A + B) = cos (A + B) 1
sec A sec B
41. sec (A B)— 1+ tan Atan B ]
1 X 1 51
(A B) cosA cos B
sec - 2 .
- sinA sin B ' ' N
cos A~ cos B l o 3 4/5 67 X
1
cosA " cos B cos A cos B 05
_ 2 RLE L
sec (A B) = sin A . sin B cos A cos B 14
cosA cosB -
1
sec (A B) = cos Acos B + sin Asin B 46¢C. cos x
— [ in(a+8
sec (A B):cos(A,B) 47. tan(a+6)=%
sec (A — B) = sec (A — B) t (+B) = sin o cos B + cos a sin B
49 . 4 . _ PR ! an (o " cosacosf — sinasin 8
- sin (x .y) sm'(x y) & sin“ x sin®y sinacos§  cosasing
(sin x cos y + cos x sin y)(sin x cos y — cos x sin y) cosacos B | cosacosf
2 sin?x — sinzy tan (a + 6) = cosacosf  sinasing
(sin x cos ¥)2 — (cos x sin y)% 2 sinZ x — sin? y cosacosf  cosacosf
sin? x cos?2 y — cos? x sin? y 2 sin? x — sin? y tan (@ + B) = ;m‘:‘i”znﬁﬁ
<92 2 <9 92 9 9 — tan o« tan
Sin“ X Cos + s1n“ x sin — S1n“© X sin . .
Y 2y e Zy . Replace 8 with —8 to find tan(a — ().
— COs” X sIn~y £ sin”~ X — sIn“~Yy

tan « + tan (—f)

tan (o« + (—B)) =

sin? w(cos? y + sin? y) — sin? y(sin? x + cos? x)

1 — tan « tan (—f3)
SlIl2 X — SIn

2

2 y tan(a—6)= tan « — tan 8
(sin x)(1) — (sin2 y)(1) 2 sinZx — sin? y 1+ tanatanf
sin? x — sin® y = sin? x — sin? y 48a. Answers will vary.
217
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48b. tan A + tan B + tan C 2 tan A tan B tan C
tan A + tan B + tan (180° — (A + B))

2 tan A tan B tan(180° — (A + B))

tan 180° — tan (A + B)
tan A + tan B + 1 + tan 180° tan (A + B)

tan 180° — tan (A + B)
?
LtanAtan B 1 1507 tan (4 + B)

0 —tan (A + B)
tan A + tan B + T+0-tan A+ B)

) 0 — tan (A + B)

ZtanAtan B 15 a s B
— tan (A + B)

2 —tan A tan B tan (A + B)

(tan A + tan B) - 108D an A4 + B)

2 —tan A tan B (A + B)
tan (A + B)(1 — tan A tan B) — tan (A + B)
2 —tanAtan B(A + B)
(1 —tan Atan B — 1) tan (A + B)
2 —tanAtan B(A + B)
—tanAtan Btan (A + B) = —tan Atan B(A + B)
9 2

tan A + tan B

1— cos“x
1 _enZx T csc2 x — cotZ x
1 — cos?x
2 = 295 4 2 a 2
sec x wo2r T 1+ cot?x — cot”x
1 cos? x
2 =+ cos” x
SeC™ X = o2y cos? x +1
2 sec?x—1+1
2

Sesz

o

49. sec“ x

[l

-

sec
sec

sin? 9 + cos?20 =1
(—%)2 +cos?f=1

2,4 _ 63 =
cos® 0 = 4,

3V7
)

3V7
Quadrant III, so — —5—

x 2
x:

50.

cosf =+

w
3

51. Arctan V3 = %

sin (Arctan V'3) = sin %
3

2

52. wk, where k is an integer
53. 4 =222

A =18 =68

y =

50 =

_ 86+50

-18 =
-1 =
sin~1 (- 1)

3m

2
_ T
2 7 2
v Cc

y = 18sin <gt - frr) + 68
54. 080 = 8; 2% = 360; 2 = 30°
55. sin (—540°) = sin (~360° — 180°)
=0
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56. s=10 A=5r20
18 = r(2.9) A=~ 5(6.2)%2.9)
6.2=~r;6.2ft A~ 55.7 ft2

57. ¢2 = 702 + 1302 — 2(70)(130) cos 130°

c? ~ 33498.7345

¢ =~ 183 miles

120° = 90°, consider Case 2.
4 = 12, 0 solutions

58.

0 = 37° 12" — 6° 40" or 30° 32’
a = 90° + 6° 40’ or 96° 40’
B = 180° — (30° 32" + 96° 40") or 52° 48’

35 _ x
sin 80° 32’  sin 52° 48'
_ 35sin 52° 48’
X = Tsin 30° 32
x =~ 54.87 ft

453 + 3x2 —x =0
x(4x2 +3x—1) =0
x(4x — D(x+1)=0

60.

x=0 or 4x—1=0 or x+1=0
1
x=7 x=-1
61. Case 1 Case 2
e+ 10> 4 e+ 10> 4
—(x+1)>4 x+1>4
—-x—1>4 x> 3
—-x>5
x< -5 {xx < =5 or x > 3}
62. ‘ zl,) _2 = —1(—6) — 3(—2)
=6+ 6o0r12
63. fg(4) = flg(4)
=f(5(4) + 1)
= f(21)
=3(21)% - 4
= 1319
gof(4) = g(f(4))
= 2(3(4)% — 4)
= g(44)
= 5(44) + 1
=221 e 62
64. (-8)%2 + 802 = o = (B o e =y

The correct choice is A.



Page 445 Mid-Chapter Quiz
1. cscf = Shll& 1+ cot?6 = csc? 6
2
:l 1+cot20:<%)
2 29 _ 49
7 1+cot?0 =7
7
=2 cot? 9 = 475
cot 6 = iST\@
3V5
Quadrant 1, so ——
2 — 2 _ L
2. tan* 0 + 1 = sec* 0 cos b = .7
2
(—%) +1 =sec?d 2%
3
511 = sec?p = —%
% = sec 6
i% = gecf
5
Quadrant II, so —5

19 ™
3., =b6m—7

197 (5 . 'rr>
COos 4 = COs T 4

- _ a
= —CO0Ss 4
1 1
?
4. 1+ tan® x + 1+ cotZx = 1
1 1
?
stz T stz = 1
cos2x + sin?x 2 1
1=1
csc? 0 + sec? 0 » 9
5. soc?0 2 csc“ 0
csc? § sec? §
? 2
sec2 0 sec2g = CSC 0
_1
sinZ § 9
7+ 1 2csc?f
cos? 0
cos? 6
? 2
snzg T 1 2 csc26
cot?0 + 1 2 csc2 6
csc? 0 = csc? 0
6. cotxsecxsinx 2 2 — tan x cos x csc x
cos X 1 . 29— sin x
sinx ~cosx SMIX = cosx  COSX " Giny
122-1
1=1
1 —cotatanf
_ p ——COtartanp
7. tan(a '8): cot a + tan 8
1
1—Gng  tanp
tan (o — B) 2 1
tana T tanp
l_tana.tanﬁ tan o
tan (o — B) L, 8 tana
tan an
tan o — tan @
_ p AR RANP
tan(a B)= 1+ tanatan B

tan (o — B) = tan(a — B)
8. cos 75° = cos(30° + 45°)
= cos 30° cos 45° — sin 30° sin 45°
(218 - G2
_V6-Va
4

219

9. cosx=V1-sin?x

-t S
5 V5 7 i

=Veory =Vieor g

cos (x + y) = cos x cos y — sin x sin y

- (2 )5) - 6)3)

_ V3-6
- 12
10.tanx=% tany = VsecZy — 1
=V22-1
=V3
_ _tanx —tany
tan (x — y) = 1+ tan xtany
2 V3
= 57
1+ (3V3)
5—4V3
4
= 4+5V3
4
_ 5-4V3
T 4+5V3
_ 80-41V3  —80+41V3
T 59 OF 59
7-3B | Reduction Identities
Page 447
1. —sin, —cos, sin 2. —cot, tan, —cot
3. —tan, cot, —tan 4. —csc, —sec, csc

5. sec, —csc, —sec

6a. (1) —cos, —sin, cos
(2) sin, —cos, —sin
(3) —cot, tan, —cot
(4) —tan, cot, —tan
(5) csc, —sec, —csc
(6) —sec, —csc, sec

6b. Sample answer: If a row for sin o were placed
above Exercises 1-5, the entries for Exercise 6a
could be obtained by interchanging the first and
third columns and leaving the middle column
alone.

7a. (1) cos, sin, —cos
(2) sin, —cos, —sin
(3) cot, —tan, cot
(4) tan, —cot, tan
(5) csc, —sec, —csc
(6) sec, csc, —sec

7b. Sample answer: The entries in the rows for cos «
and sec « are unchanged. All other entries are
multiplied by —1.

8a. Sample answer: They can be used to reduce
trigonometric functions of large positive or
negative angles to those of angles in the first
quadrant.

8b. Sample answer: sum or difference identities

Chapter 7



7.4 | Double-Angle and Half-Angle
Identities
Page 453 Check for Understanding

1. If you are only given the value of cos 6, then
cos 20 = 2 cos? 6 — 1 is the best identity to use.
If you are only given the value of sin 6, then
cos 20 = 1 — 2 sin? @ is the best identity to use. If
you are given the values of both cos 6 and sin 6,
then cos 20 = cos? § — sin? 0 is just as good as the

other two.
2. cos 2w =1 — 2sin? 6
cos 20 — 1= —2sin26
R %02_ L — sin%¢
1- 020s 26 _ sin2 0
= [ = sino
1-cos2 (%
Letting § = % yields sin % ==+ %(2),
or sin% == Llocosa 7;0“‘
3a. Il or IV 3b. TorlIl 3c. LI, IIT or IV
4. sin 20 2 2 sin 6
sin 2(%) 2 2sin g
. . v
sinm 2 2siny
02 2(1)
0+2

v
Sample answer: § = 5

5. Both answers are correct. She obtained two
different representations of the same number. One
way to verify this is to evaluate each expression
with a calculator. To verify it algebraically, square
each answer and then simplify. The same result is
obtained in each case. Since each of the original
answers is positive, and they have the same
square, the original answers are the same

number.
sl
4
6. sin % = sin E
— - ;OS 4 (Quadrant I)
V2
1-79
= 2
_ V2-V2
2
7. tan 165° = tan %

1 — cos 330°
1 + cos 330°

(Quadrant II)
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8. sin260 +cos20=1

10.

@)2 +cos20=1

c0s20=%
V21
cos f = ——
sin 26 = 2 sin 6 cos 6
_ of2)(N2L
_2<5)( 5 )
421
~ 25

cos 20 = ci)/s_2 92 — sin: 0
-t

5 5

sin 0
cos 0
2

5

Va1
5
2 2vVal
Va1 Of o1

(Quadrant I)

tan 0 =

_ 17
= 25
2 tan 6
tan 20 = W
221
2(7)
- 2v21\2
1- ( 21 )
4V21
21 4V21
= 11 O0rTyg
21
tanZ6 + 1 = sec2 6 sinZ 6 + cos26 =1
2 2
(%) +1 =sec?d sinZ 6 + (—%) =1
29—5=sec20 sinZ 6 :%
7% =gsecf (Quadrant III) sin 0 = f%
cos 0 ?169 (Quadrant IIT)
1
= 5 or—j
3

sin 20 = 2 sin 6 cos 0

o443

cos 20 = cos? § — sin2 @

- (-3 - (-4

__T
- 25
2 tan 0
tan 20 = T 5
4
2(3>
= 12
1_<3>
8
_ 8
= 7 or 7
9
2
? e
tan 20 % cot § — tan 6
2 tan 6
.
tan 20 X cotf —tanf tan@
2 tan 0
- =
tan 260 £ cot f tan 6 — tan? 0
2tan 6
P
tan 20 2 T 5

tan 20 = tan 20




1 . , SecA +sin A
1. 14+ 5sin 24 2 — 5=
1 .
—— +sinA
1 . A
1+ 5sin24 2 Cosf

cos A
1 +sinA
1 cos A S cos A
—_ 7 ? - - . —
1+ 5sin24 2 1 cos A
cos A

1+%Sin2A; 1+sinAcosA
1+%sin2A;1+%-ZSinAcosA

1+%sin2A=1+%sin2A

X x , sinx
12. SIn 5 €os 5 £ 5
. X X
2 sin 5 €os 5 i
n sin x
2 = 2
. X
sin 2<§> )
? sin x
2 = 2
sinx _ sinx
2 ~ 2
13. cos 20 = 2 cos? 6 — 1

cos 20 + 1= 2cos?6
écos 20 + é = cos2 6
P =12 Rsin? wt
P=12R (1 — cos®wi)
P= 102 R(l —% cos 2wt + %))
P=1,2R[} —  cos 2t)
P=312R 51,2 R cos 2ut

Pages 454-455 Exercises
3

14. cos 15° = cos 5~

/14 cos30°
- 2

0
V3
1+7

- 2

2+
2

15. sin 75° = sin 150°

2
= =B (Quadrant T)

(Quadrant I)

5]

19. tan 22.5° = tan %

1 — cos 45°
= 1+ cos 45° (Quadrant I)

2-V2)@2-V2
TV @2+V2Ee -V

@ - V23

221

(Quadrant I)
_ [erVIe+VE)
T4 2-V3)E+ V3
e+ V)2
- 4-3
=2+V3
3m
. 3m . 4
17. sin 75~ = sin —~
1 — cos %ﬂ
(Quadrant I)
(Quadrant II)
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6 1— cos 23. tanZ 6 + 1 = sec2 6
20. tan 5 = /T o0s (—2)2 + 1 =sec?
1 5 =sec?
_ |t -V'5 = sech (Quadrant II)
1+ % cos 6 = sec 0
_ 1 V5
3 = V5 ' 5
4 .
_ |3 sin20 + cos?26 =1
N\ . V52
4 sin? 6 + (—?) =1
_ /3 V15 . 20
TVs% s sin? g = %5
21. sin2 0 + cos? 6 = 1 = &n ng =25
. sin“ 0 + cos* 0 = tan 6 = -5 sinf =5 (Quadrant IT)
. 4
sin2 0 + (g)2 = 3 sin 260 = 2 sin 6 cos 6
9, 9 - — 9[25) V5
sin® 0 = 55 4 =275 <_ 5
3 5 4
sinf = & 3 =3
(Quadrant I) T4 cos 20 = cos2 0 — sin2 9
on— 9 _(_ Ve _ (2V5)e
sin 20 = 2 sin 6 cos 0 =\=-3) -7
B
245 5 - 5
_ 24 2 tan 6
= 925 tan 20 = %
cos 20 = cos? 6 — sin 2 0 _ 22
_ (i)z B <§)2 1;<—sz
—\5 5 [ . 1
7 = 30ry
T 25 24. cos 0 = L
2 tan 0 sec 0
tan 20 = 1 tand 1
=1
3 4
(3 ;
_ 3\2 =3
- (2
3 (4> sin2 0 + cos? =
2 24 2 _32
:zor7 sin 0+( 4) 1
16 ' sin? 0 = 15
22. sin20 + cos26 =1 tan 0 = sin 6 . NG
cos 0 sinf =——  (Quadrant IT)
e | :
3) tcos“f=1 3 _ sing
_ tan 0 = _
cos?0 =g 212 N
3 NT
cos 0 = 23ﬁ 1 V2 -
= v Ory _%
(Quadrant I) o Vi
sin 20 = 2 sin 6 cos 0 3
_ig)(&) sin 260 = 2 sin 6 cos 0
v = 27)-3)
_ 42 AN
B _ 31
cos 20 = cos? 0 — sinZ 0 8
_ (&)2 (l>2 cos 20 = cos? § — sin2 0
R - (3P - (P
_1 B 4
o0 =Zort
2 tan 6 “169%%3s
tan20=% tan 20 = 2 tan 0
NG 1— tan29
) =
- V2\e -
- (P
Va2
= — or——
14 7 =—-——5 or -3V17
16 2
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26.

25. 1 + cot? 6 = csc? tan0=ﬁ
1
1+(%>2 = csc? @ =73
2
173 = csc? @ = %
—@ =csc 0 (Quadrant III)
sinf =~ sinZ 0 + cos26 =1
1 2V13\2
= Vi (_T) +cos2h=1
B 9 117
B 2 2V13 cos” 0 = 59
= — \/T.?, or — 13 3\/E’)
cosf = =5~
(Quadrant III)
sin 20 = 2 sin 0 cos 0
2V13\( 3V13
= 2(_ 13 )(_ 13 )
_ 12
13
cos 20 = cosZ § — sinZ 6
_ ( 3\/5)2 ( 2\/ﬁ)2
“\T 13 ) T\ 3
_5
=13
tan 20 = %tf;‘nﬁ )
2
o3)
= 2)2
L <3>
4
3 12
=3 ory
9
sin 0 = — sin2 6 + cos? 0 = 1
_a (=) +costo -1
) cos2 6 = %
__2 Va1
5 cosf =5
(Quadrant IV)
tan 0 = i:;z
2
_5
= Vel
5
2 2V21
Va1 OF T a1
sin 20 = 2 sin 0 cos 0
2\( V21
= 2(‘5)( 5 )
o 4Va1
- 7 925
cos 20 = cos? § — sinZ 6
_ (@)2 B (_2)2
=\ 5
_ 17
= 25

223

2 tan 0
tan 20 = 1—tanZ6
( 2\/2—1)
20721
_ (_2V21)2
1- 21
_4Val
_ 21 4V21
= ﬂ or — 17
21
) 9 _ _ sina
27. sin“a +cos?a =1 tan o =",
Vi
) _ﬁ)Z _ _ _3
sin“ o +( 3 1 vz
T3
L9 T __ VT V14
sin“ o = 3[ =—15 0r ——
. 7
sina =5 (Quadrant II)
2 tan o
tan 2a = 1-tan?«
(-5
272
- (_V14>2
- 2
V14 2V14
= é or 5
T2
1
28. csc 260 £ 5 sec 0 csc 0
1 1
Smog = 9 secfcsc o
; ? l 0 0
2sinfcosd = 2 SecUcsc
1 1 1 1
E —— 2 =
2 sinf cosf = 2 sec 6 csc 0

1
S cschsech X
1

5 secfcsch =

29. cos A —sin A 2

1
5 sec 6 csc 0

1
5 sec 6 csc 0

cos 2A
cos A + sin A

cos?A — sin2 A
cos A +sin A

[l

cosA —sin A

?

(cos A — sin A)(cos A + sin A)

cosA—sinA 2 cos A + sin A

cosA —sinA =cosA—sinA

30. (sin 6 + cos )2 — 1
sinZ 0 + 2 sin 0 cos 6 + cos 0 — 1
2sinfcosf+1—1
2 sin 6 cos 6
sin 260
cos 2x — 1
3l.cosx — 12 2cosx + 1)
12 2cos?x—1-1
cos x — = 2(cosx + 1)
12 2cos?x — 2
Cos x = 2(cos x + 1)
—12 2(cos? x — 1)
cos x = 2(cos x + 1)
12 2(cos x — D)(cos x + 1)
cos x — = 2(cos x + 1)

cosx—1=cosx—1
2 in2
, Cos 0 + sin“ 0
sec 20 2 cos? f — sin?
1
sec 20 X
sec 20

cos 20
A
33.tan 5 2

32.

sec 20
sin A
= 1+4+cosA

1 | S S [

sin 20
sin 20
sin 20
sin 20
sin 20
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ne(3)
A sin 2|5
1+cos2<§>
A A
tang; 2s1n§cos§
A
1+ 2cos 271
A A
tan%; ZSmEcosE
A
2 cos 9
A
tan%é 2
A
cos
tan%:tan2

34. sin 3x 2 3sinx — 4 sin® x
sin(2x + x) 2 3sinx — 4 sin® x

sin 2x cos x + cos 2x sin x 2 3sinx — 4 sind x
2sinxcos2x+ (1 —2sin?x) sinx 2 3sinx — 4sin®x
2sinx(1 — sinZx) + (1 — 2sinx) sinx 2
2sinx — 2sindx + sinx — 2sindx 2
3sin x — 4 sin® x

3sinx — 4 sin’ x
3sinx — 4sindx
3sinx — 4 sind x

35. cos 3x 2 4 cos®x — 3cosx
cos(2x + x) 2 4cos3x — 3cosx

(2 cos? x — 1)cos x — 2 sin? x cos x 2 4 cos3 x — 3 cos x
(2 cos? x — 1)cos x — 2(1 — cos2 x)cos x 2 4 cos3 x — 3 cos x

2 4cosdx — 3cosx
=4cos®x — 3cosx

2 cosdx — cosx — 2 cos x + 2 cosS x
4 cos® x — 3 cos x

2o,

2g S 20 _ sin?2¢

v2 " sinZ4

gsinzf)

36.

(2 sin 6 cos )2
sinZ §
4 sin? 0 cos? 0
sin2 §
4 cos? 0
37. OPBD is an inscribed angle that subtends the

same arc as the central angle OPOD, so mOOPBD
PA
BA

1 . . . 1
= 50. By right triangle trigonometry, tan;0 =
PA_ sing
1+0A = 1+cosf’

202 cos 0 sin(9 — «)

38. R = g cos? a
B 202 cos § sin(f — 45°)
R = g cos? 45°
R= 202 cos f(sin # cos 45° — cos 6 sin 45°)
- g cos? 45°
( (V2 V2
202 cos | (sin 6) 7) — (cos )\ )
R =
(2F
8\ 2
V2 .
275 vZ cos O(sin 6 — cos )
R =
1
g9
V202 (2 cos 6 sin § — 2 cos? 6)
n g
2
R=" é_?/E(ZCosﬁsinO —(2cos?26—1)— 1)
V2.
R= (sin 20 — cos 260 — 1)

g
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39a. tan(45° + §

39b

40.

41.

42.

L
2

> tan 45° + tan

L
1 — tan 45° tan 9

L
1+tan2

L
1—1~tan§

. 1——cosL
L* V1Y cos L

= _ /1—cosL
T¥ VT ¥ cos L

. 1—cosL 1 — cos 60°

1= 1+ cosL 1+ 1 + cos 60°

* [1-cosL /1 — cos 60°
1 V1% cos L 1= V1 cos 60°

1

tan (o + 30°) = 271
tan (o + 30°) = 3

tan o + tan 30° =3
1 — tan @ tan 30°

tana+%=3—\/§tana

V3
tana+\/§tana:3—?
V3
(1+\/§)tana=3—7
3
3-73
t. =
ana 1+V3
9-V3
tana = 37505
-6+ 5V3
tan o = 3
o (1 1)
cos 75 = cos |5 —
ful ul S PR 4
COS 3 COS 7 + sin g sin
_1 V2 V3 Ve
~ 2 2 2 2
_ V2+Ve
= 4
w1
sec 75 = =
C0512
I S
V2 + Ve
4
4V2 — 4Ve
—Tor\/_—ﬁ
Sample answer:
sin(Vm?2 + cos(Vm?2 = sin 7 + cos
=0+ (-1
-1
*1



43.

44.

45.

46.

47.

48.

17 17 180°

s=rb 0 10 =
17=10-6 =~ 97.4°
17

o =0

Let x = the distance from A to the point beneath
the mountain peak.

tan 21°10' = g0
h = (570 + x) tan 21°10’
tan 36°40" = -
h = x tan 36°40’
(570 + x) tan 21°10" = x tan 36°40’
570 tan 21°10" = x tan 36°40" — x tan 21°10’

570 tan 21°10" = x(tan 36°40' — tan 21°10")
570 tan 21°10'
tan 36°40' — tan 21°10'

617.7646751 ~ x
tan 36°40" =

=X

tan 36°40' = ﬁ
h = 460 ft

x—=(=3)x—-05)(x—06)(x—2)=0
(x+3)(x—0.5)(x—6)(x—2) =0
(x2 + 2.5x — 1.5)(x2 — 8 + 12) =0
xt — 5.5x3 — 9.5x2 + 42x — 18 = 0
2x% — 11x3 — 19x% + 84x — 36 = 0

y=2x+5 y
x=2y+5 _
x—5=2 Y=2x+H5
x—5
9 =)
(0] X
y=5P
x+ 2y =11 3x — b5y =11
x =11 — 2y 311 — 2y) — 5y =11
33 — 6y — by =11
—11ly = —22
y =2
x+ 2y =11
x+22) =11
x =17 (7, 2)
ab=3
(@ — b)? =64

a? — 2ab + b% = 64
a? - 242) + (2= 64
a2 -6+ (2P =64
a2+ (2 = 70

a? + b2 =10
The correct answer is 70.

7-5 | Solving Trigonometric Equations

Page 458 Graphing Calculator Exploration
1.
2 'H._. -~
..'H.\_.-'.. _'. ..'H.\_.-'..

3. Exercise 1: (1.1071, 0.8944), (4.2487, —0.8944)
Exercise 2: (—5.2872, 0.5437), (0.9960, 0.5437)

4. The x-coordinates are the solutions of the
equations. Substitute the x-coordinates and see
that the two sides of the equation are equal.

N

[0, 27] scl:% by [—3, 3] sc1:1
5a. The x-intercepts of the graph are the solutions of
the equation sin x = 2 cos x. They are the same.
5b. y = tan 0.5x — cos x or y = cos x — tan 0.5x

Page 459 Check for Understanding

1. A trigonometric identity is an equation that is
true for all values of the variable for which each
side of the equation is defined. A trigonometric
equation that is not an identity is only true for
certain values of the variable.

2. All trigonometric functions are periodic. Adding
the least common multiple of the periods of the
functions that appear to any solution to the
equation will always produce another solution.

3. 45° + 360x° and 135° + 360x°, where x is any
integer

Chapter 7



4.

10.

11.

.2s8inx+1=0

Each type of equation may require adding,
subtracting, multiplying, or dividing each side by
the same number. Quadratic and trigonometric
equations can often be solved by factoring. Linear
and quadratic equations do not require identities.
All linear and quadratic equations can be solved
algebraically, whereas some trigonometric
equations require a graphing calculator. A linear
equation has at most one solution. A quadratic
equation has at most two solutions. A
trigonometric equation usually has infinitely
many solutions unless the values of the variable
are restricted.

6. 2cosx —V3=0

2¢sinx = —1 2cosx = V3

: _ 1 _ V8

sinx = —5 cosx =

x = —30° x = 30°
. V3
smxcotx:T
. (cosx)_ﬁ
SIM X \Gnx) = 2
V3
cosx =5

x = 30° or x = 330°
cos 2x = sin?x — 2
2cos?2x—1=(1—cos?2x)—2

2cos2x—1=—cos?x—1
3cos2x=0
cos2x =0
cosx =0
x = 90° or x = 270°
.3tan2x—1=0
StanZx =1
tan2x=é
tan x = i%
™ 5 T 11w
X=GgOrxX= g Orx= g Orx=
2sin2x=5sinx + 3

2sin2x —5sinx—3=0
@2sinx + 1)(sinx —3) =0

2sinx+1=0 or sinx—3=0

sinx = — sinx = 3

™ .
X = 6 orx = 6 no solutions

sin? 2x + cos?x = 0

1 — cos? 2x + cos?x = 0
1—(2cos?x—1)2+cos?2x=0
1—(4costx —4cos?x+ 1) +cos?2x=0
—4costx+ 5cos?x=0

cosZ x(—4 cos?x + 5) =0

cos?2x =10 or —4cos2x+5=0
2 5

cosx =10 Cos”x =
I V5
x =5 +mk cosx =5

no solutions

Chapter 7

12. tan?x+ 2tanx+1=0
(tanx + 1)(tanx + 1) =0
tanx +1=0

tanx = —1

3
x=", +mk

13. cos®x + 3cosx=—2
cos2x+ 3cosx+2=0
(cosx + I)(cosx +2) =0

cosx+1=0 or
cosx = —1
x= 2k + D7
14. sin2x —cosx =0

2sinxcosx —cosx =0
cosx(2sinx —1)=0

cosx+2=0

cosx = —2

no solutions

cosx =0 or 2sinx—1=0
™ . 1
x =75 +ku sinx =5
T
=5 + 27k
5

15. 2cosf +1<0

2co80<—1
1
cos f < —3
1 2 41
cos = —5 at 5 and
2m g AT
3 3

16. W = Fd cos 0
1500 = 100 - 20 cos @
0.75 = cos 6

0 =~ 41.41°

Pages 459-461 Exercises
17. V2sinx —1=0
V2sinx =1

. 1
sSin x =
V2

. 2

sinx =~

x = 45°
19. sin2x—1=0
2sinxcosx—1=0

2 2

sin“ x cos® x =

sin? x (1 — sinZx) =

sin? x — sint x —

4

sintx — sin x +

NN RN P
I Il
S O O ARkl

0o [ =

. 1) .
(sm2 x - 5)<s1n2 x —

orx =5 + 2wk

18. 2cosx+1=0

2cosx=—1
1

cosx = —73
x = 120°



20.

21.

22.

23.

24.

25.

26.

27.

tan2x — V3 =0

tan 2x = V3
2 tan x
1—tanZx \/g

2tanx = V3 (1 — tan? x)
2tanx = V3 — V3tanx
V3tan2x + 2tanx — V3 =0
(V3tanx — D(tanx + V3) = 0

V3tanx—1=0 tanx + V3 =0
taan% tanx = —V3
tanx:% x = —60°

x = 30°
cos? x = cos x
cos®x —cosx =0
cos x(cosx — 1) =0
cosx =0 or cosx—1=0
x = 90° cosx=1
x=0°
sinx =1+ cos? x
sinx=1+1-sin?x
sinx +sinx—2=0
(sinx — 1)(sinx + 2) =0
sinx—1=0 or sinx+2=0
sinx =1 sinx = —2
x = 90° no solution
V2cosx+1=0
V2cosx=—1
cos X = V2
2
x = 135° or x = 225°
cosxtanx:é
sin 1
costOSx ZE
sinx—%
x = 30° or x = 150°
sinxtanx —sinx =0
sinx (tanx — 1) =0
sinx =0 or tanx —1=0
x = 0°or x = 180° tanx =1

x = 45° or x = 225°
2cos?2x+3cosx—2=0
(2cosx — 1)(cosx+2)=0

2cosx—1=0 or cosx +2=0
2cosx=1 cosx = —2
cos x = é no solution
x = 60° or x = 300°
sin 2x = —sin x

2 sin x cos x = —sin x
2sinxcosx +sinx =0
sinx(2cosx+1)=0

sinx =0 or 2cosx+1=0
x = 0°orx = 180° 2cosx = —1
1
cosx = —75
x = 120°
or x = 240°

28.

29.

30.

31.

32.

33.

cos (x + 45°) + cos (x — 45°) = V2
cos x cos 45° — sin x sin 45°
+ cos x cos 45° + sin x sin 45° = V2

Va2 . Va2
cosx -5 —sinx- 5

V2 . V2
+cosx‘7+s1nx-7:\/§

V2cosx=V2
cos x =1
x = 0°

2sinfcosf + V3sinf =0
sinf (2 cos 6 + V3) =0

sinf =0 or 2cos0+V3=0
0 =0°orf = 180° 2cosf=—V3
V3
cosf = ——%
0 = 150°
or 0 = 210°

2sinx — 1)(2cos2x—1)=0
2sinx—1=0 or 2cos2x—1=0

2 sin x = 2cos?x =1
: _1 2., _1
sinx =5 cos?x =5
x=% cosx=ig
5 T 3m
orx = 5 X= 0rx ="
5

s
OI‘.')C=TOI'.’X3=

4sin?x+1=—4sinx
4sin?x+4sinx+1=0
@sinx+ 1)2sinx+1)=0
2sinx+1=0
2sinx = —1

: _ 1
sin X = 2
11w

_m _
X=Tgorx= g
V2tanx = 2 sin x
sin x .
V9 = 2slnx

Ccos X

V2 = 2 cos x
V2
5 =cosx

4

V2 tan x = 2 sin x would also be true if both tan x

sm x

and sin x equal 0. Since tan x = —__, tan x equals

cos X’

0 when sin x = 0. Therefore x can also equal 0 and

.
T T
0, %™
sinx = cos 2x — 1
sinx=1-2sin?2x— 1
2sin?x +sinx =0

sinx(2sinx + 1) =0
sinx =0 or 2sinx+1=0
x=0orx=m 2sinx = —1
sinx = —5
_
x =g or
_ 1w
X="%

Chapter 7



34. cot?x —cscx =1

csc2x—1—cscx=1
csc2x —cscx—2=0
(cscx — 2)(cscx +1) =0
cscx—2=0 or cscx+1=0
cscx = 2 or cscx = —1
. 1 .
S x =5 sinx = —1
™ 51 3m
X=g0rx= g x="5
35. sinx +cosx =0
sinx = —cos X
sin x = cos? x
sin? x — cos?2x =0
sinx— 1+ sin2x=0
2sin2x—1=0
sin2x=é
sinx = *—=or *+ \/5
\/_

sin x and cos x must be opposites, sox=%1T
T

orx=-,.

36. —1 — 3 sin 6 = cos 20
—1-3sinf=1- 2sin%0

2sin20 —3sinf—2=0

2sinf + 1)(sinf — 2) =0

2sinf+1=0 or sinf—2=0

2sinf=—-1 sinf = 2
. 1 .
sinf = —5 no solution
T 11
0= orfd= Tﬁ
. 1
37.sinx = —3

7 11
x:?ﬂ-i-ZTrk or x:Tﬂ-i-Zfrrk

38. cosxtanx — 2cos?2x= —1
cosxcozx —2cos?x= -1
sinx — 2(1 — sin?x) = —1

2sin2x+sinx—1=0
2sinx — I)(sinx +1)=0

2sinx—1=0 or sinx+1=0
2sinx =1 sinx = —1
. 1 3m

sinx =5 x =" +2mwk

™

x=g+2fnkorx=5%+2’nk
39. 3tan?x = V3 tanx
3tan2x — V3tanx =0
tan x(3 tan x — \/5) =0

tanx =0 or 3tanx — V3 =0
x =wk 3tanx = V3
V3
tanx—T
ng-ﬁ-wk
40. 2(1 — sin®x) = 3sinx

2 — 2sin?x = 3sinx
2sin?x + 3sinx—2=0
2sinx — 1)(sinx +2) =0
2sinx—1=0 or sinx+2=0
2sinx =1 sinx = —2
no solution

Chapter 7
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41.

42.

43.

44.

45.

46.

1

osx—sinx — COSX + sinx
(cos x — sin x)(cos x + sinx) = 1
cos?2x —sin?x =1
cos?x — (1 —cos?2x) =1
2¢cos2x—1=1
2cos?x =2
cos2x=1
cosx = *+1
x=mk
2tan?x — 3secx =0
2(sec2x — 1) — 3secx =0
2secx + 1)(secx —2) =0
2sec?x —3secx—2=0
2secx +1=0 or secx —2=0
2secx = —1 secx = 2
_ 1 _1
secx = —3 cos X =3
ke
cosx = —2 x:§+2'rrkor
. 5m
no solution x="35 + 27k
. 1
sin x cos x = 3
. 1
51n2xcos2x=z
. . 1
sin? x(1 — sin? xX) =7
. . 1
sin? x — sin? xX) =7
. . 1
s1n4x—sm2x+*:0
. 1 1
2 _ = — =) =
(smx 2)(smx 2) 0
. 1
smzx—;:O
. 1
2, _1
sin®x =5
. 2
= +—
sinx = +—5
am
x =7 +mk
V3
cos?x — sin? x = -
V3
cos?x — (1 — cos?x) = 5~
V3
2cos?x — 1=
2+V3
2 cos?x = 2
9 2+V3
cos” x =~
2+V3
cosxzif
1w
X ="y +'n'k0rxf§+'n'k
sin4x—1=0
(sin? x — 1)(sin?x + 1) = 0
sinfx—1=0 or sinfx+1=0
sin2x =1 sinx=—1
sinx = *1 no solutions
ko
x =5 +mk
sec2x + 2secx =0
sec x(secx +2) =0
secx =0 or secx +2=0
1
cosx =7y secx = —2
. 1
no solution cosx = —75
2w
x:*+21-rkor

x=?+2fnk



47.

48.

49.

50.

51.

52.
54.
55.

56.

57.

sinx +cosx =1

sin?x + 2sinxcosx + cos2x =1
sinx + 2sinxcosx+ 1 —sin2x=1
2sinxcosx =0

sinxcosx =0

sin2xcos?2x =0

sin? x (1 — sinZ2x) =0

sin2x=0 or 1—-sin2x=0
sinx =0 sin2x =1
x = 2mk sinx = *1
x:%-ﬁ-Zwk

2sinx +cscx =3
2sin2x+ 1=3sinx
2sin2x —3sinx+1=0
@sinx — 1)(sinx — 1) =0
2sinx—1=0 or sinx—1=0
2sinx = sinx =1

sin x = x=%+2'rrk

ERIEE

x =+ 2mwk or

[SiiNe
3

x = + 27k

V3
cos = ——5~

»

V3 | 5w T
cos ) = —5 at 5 and
1
cosf —5>0
> L
cos 0 > 5
1 T 5
cose—za‘c:sand3
5
0=f0<Fory <0<2m

V2sinf—-1<0
V2sinf <1

sin § < 72
sin 0 = gat%and%qT
0=0<Torl<g<om
0.4636, 3.6052 53. 0, 1.8955
0.3218, 3.4633

. A
sinf =
. 5.5 x 1077
sin 6 =~ 503
sin 6 = 0.0001833333333
0 = 0.01°
sin 2x < sln x

2 sin x cos x < sin x

2sinxcosx—sinx <0

sinx(2cosx — 1) <0
The product on the left side of the inequality is
equal to 0 when x is 0, %, T, Or %ﬂ For the product
to be negative, one factor must be positive and the
other negative. This occurs if % <x<mor ?“ <x
< 2.

l)2 . 20
=g sin

2
20 = 45 sin 20
0.8711111111 = sin 20

20 = 60.5880156 or
0 =~ 30.29°

20 = 119.4119844
0 ~ 59.71°

58a. n;sini = nysinr
1.00 sin 35° = 2.42 sin r
. 1.00 sin 35°
sinr="5 5 -
sin r = 0.2370150563
r=13.71°

58b. Measure the angles of incidence and refraction
to determine the index of refraction. If the index
is 2.42, the diamond is genuine.

59. D = 0.5 sin (6.5 x) sin (2500¢)
0.01 = 0.5 sin (6.5(0.5)) sin (2500¢)
0.02 = sin 3.25 sin 2500t
—0.1848511958 =~ sin 2500¢
—0.1859549654 =~ 2500¢

The first positive angle with sine equivalent to
sin (—0.1859549654) is 7w + 0.1859549654 or

3.326477773.
_ 8.326477773
- 2500

t =~ 0.0013 s
. a
60. asin(bx +c) +d=d + 5
a sin(bx + ¢) = %
sin(bx + ¢) = %

The period of the function sin(bx + c¢) is %, S0

360°
360°
b

. . 1 .
The equation sin (bx + ¢) = 3 has two solutions
per period, so the total number of solutions is 2b.

o[- [3

the given interval consists of = b periods.

[cos 6 —sin 0] ) [3] _ [\/1_7]
sinf cos@l 4] [2V2
[3 cos § — 4 sin 0} _ [\/1—7]
3sinf +4cosdl [2V2

3cosf —4sinf =\V17
3sinf + 4cosf = 2V2

1
9cosf — 12 sin 6 = 3V17
16 cos § + 12 sin 6 = 8V2

25 cos 6§ =8V2 + 3V17
8V2 + 3V17
COS 0 = T

0 =~ 18.68020037
360 — 0 = 341.32°
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62. cot 67.5° = cot % cot § = ﬁ
135° 1—cos 135°
tan =, = T os135° (Quadrant 1)
2
2+ V2@ + V2
Th @ -V2E+ VD)
_ |e+Ve?
- 4-2
B 2+V2
- V2
1
t 67.5 =
€0 2+V2
V2
__\V2
2+V2
_ V2@ -V3
2+V2)Ee-V2)
_ 2V2-2
4-2
=V2-1
tan x \/5
63. secx ?
sinx
Ccos X _ ﬁ
1 5
CcOoSs X
. Va2
sinx =%
. V2
Sample answer: sin x = —
2
64. A =3, 27
y
2
71
y= % cos 6
0
O| 90 180° 270° 360°
_2
3
45 miles 5280 ft 12 inches 1 hour .
65. “hour  mile | £ 3600sec — (92 1n/sec
v = r%
0
792 =177
792
7 =T

92 .
77 radians + 2w = 18 rps

66. undefined

Chapter 7

67.

68.

69.

70.

230

71.

72.

201 0 -3 -2
2 4 2

1 2 1 0 O

2+2c+1=0
x+Dx+1)=0
x+1=0
x=—1
x—2)(x+ 1(x+ 1)

x+1=0

x=—-1

[t

[—5,5] scl:1by[—2, 8] scl:1

max: (—1, 7), min: (1, 3)
3x +4=16

x=4
x—y+ z=1
2c+y+3z2=5
3x +42=26

3x +4z=6
36) +4z=6
4z = —12
z=-3
6, 2, —3)

x g(x)
-7 4

6 =2y
y=3 4, 3)

x—yt+tz=1

x+y—z=11

2x =12
x=6
x+y—z=11
6+y—(=3)=11
y=2

g(x)

g(x) =[lx}+ 8l

|
—
oo

1
= 5bh

= 2(6)(1)
A=3

The correct choice is C.




Page 462

History of Mathematics

1. x2 = 52 + 52 — 2(5)(5) cos 10°

x = 0.87
x2 = 52 + 52 — 2(5)(5) cos 20°
x = 1.74
x2 =52 + 52 — 2(5)(5) cos 30°
x = 2.59
x2 = 52 + 52 — 2(5)(5) cos 40°
x = 3.42
x2 = 52 + 52 — 2(5)(5) cos 50°
x =~ 4.23
x2 =52 + 52 — 2(5)(5) cos 60°
x=25
x2 = 52 + 52 — 2(5)(5) cos 70°
x = 5.74
x2 = 52 + 52 —2(5)(5) cos 80°
x =~ 6.43
x2 =52 + 52 — 2(5)(5) cos 90°
x=17.07
Angle Length of
Measure Chord (cm)
10° 0.87
20° 1.74
30° 2.59
40° 3.42
50° 4.23
60° 5.00
70° 5.74
80° 6.43
90° 7.07
7-6 | Normal Form of a Linear Equation
Page 467 Check for Understanding
1. Normal means perpendicular
2. Compute cos 30° and sin 30°. Use these as the
coefficients of x and y, respectively, in the normal
form. The normal form is %x + %y - 10 =0.
3. The statement is true. The given line is tangent to

the circle centered at the origin with radius p.

231

Slope-Intercept Form: y = mx + b, displays
slope and y-intercept

Point-Slope Form: y — y; = m(x — x,),
displays slope and a point on the line
Standard Form: Ax + by + C = 0, displays
no information

Normal Form: xcos ¢ + ysin¢ — p =0,
displays length of the normal and the angle
the normal makes with the x-axis

See students’ work for sample problems.
xcos¢p +ysing —p=20
xcos 30° 4+ y sin 30° — 10 = 0

e+ —10=0
V3x+y—-20=0
xcos¢p +ysing —p=20

x cos 150° + y sin 150° — V3 = 0

—%x-i—%y—\/g:O

V3x—y+2V3=0
xcos¢ +ysing —p=0
xcos%+ysin%—5\f=0
%x+(—%>y—5\/520
Vox —V2y —10V2 =0
x—y—10=0

dx+3y=-10 -VAZ+B2=-V42+32or—5

4 3 10
X+ 5y +—5=0

4x + 3y +10=0

—%x - %y -2=0

sin ¢ = —%, cos ¢ = —%,p = 2; Quadrant III
3

tan¢=7ior%
5
¢
. y=-3x+2
3x+y—2=0

VAZ + B2 = V32 + 12 or V10
3,1 2
Vi Y Vi v = O

aVi0_ | VIO, Vio _
107 097 *\OF .
. 0 3V10 10
s1n¢>=1Aé, cos¢>=1A01, =5 ; Quadrant I
V1o
10 1
tan ¢ = Py
®7 v
10
¢ = 18°

Chapter 7



10. \/gx—\/§y26
\/_x—\/_y—G—O
VA2 + B2 = \/\/_2+( V2)2 or 2

2 X7 7y _2_
V2 V2
XT3y 3=
s1n¢——%, cos ¢ = 5, p = 3; Quadrant IV
_V2
tan ¢ = Vi or —1
2
¢ =~ 315°
1la. 3x — 4y =8 y
3
y=1x—2
(0) >//
Sx =4y =18
A
11b. 3x —4y =28

3x—4y—8=0
VA2+B2—V32+(—4)2 or 5

3 4
T 5T 7_0

8 .
p = 5 or 1.6 miles

Pages 467-469 Exercises
12. xcos¢p +ysing —p=0
x cos 60° + y sin 60° — 15 = 0

Tev By 150

x+V3y—-30=0
13. xcos¢p +ysinf—p=0
xcos%+ysin%—12=0
%x+¥y712=0
Vox +V2y —24=0

14. xcos¢p +ysing —p=20
x cos 135° + ysin 135° — 3V2 =0
V2 V2

—7x+7y—3\/§:0
~Vox+V2y —-6V2=0

x—y+6=0
15. xcosp+ysing —p=0
xcos%+ysin%—2\/§zo
—?x-i—éy—z\f:O
\/gxfy+4\/§=0

16. xcosp +ysing —p =0
xcos%-ﬁ-ysing—Z:O

Ox+1y—2=0
y—2=0

Chapter 7
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17.

18.

19.

20.

21.

22.

23.

xcos¢p +ysing —p=0
X cos 210°+ysin210°—5—0
féx -5=0

\/§x+y+10—0
xcos¢p +ysing —p=0
xcos%+ys1n3 5=0

f%xf§y75=0

x+V3y+10=0
xcos¢p +ysing —p=0
x cos 300° + y sin 300° — 5 =

w

2% T oY =
x— V3 —3=
xcos¢p +ysing —p=0
xcosnTﬂ—FysinuTﬂ—él\/g:O
%x -4V3=0
\/§x—y—8\/§—o
~ VA% + B2=-V52+ 1220r —13
%x+%y+%=0
f%x 13y 5=0
sing = _ﬁ’ cos ¢ = 1F3, = 5; Quadrant IIT
12
tan<¢>=iorl52
13
¢ = 247°
x+ty=1
x+y—1=0
\/A2 Bz—\/12+120r\/§

i
\fx+\fy V2
V2 V2 V2

Sxt Gy =

}&o o
ﬁ

2
sin ¢ = %, cos¢p="75,p= Quadrant I

Ve
tand):éorl

2

¢ = 45°
3x —4y =15

3x —4y —15=0

\/A2 +B2=V32+ (-4)%0r5
4 15
53’ 5 =0
3
X~ gy -3=0
sin ¢ = —%, cos ¢ = 7, p = 3; Quadrant IV
_4
tan ¢ = TS or —%
5
¢ = 307°



24.

25.

26.

27.

y=2x—4
—2x+y+4=0
VA2 + B2= -V (22 + 120or —V5
2 1 4 _
_7\/gx+7\/5y+7\/5_0
2V5 V5 45
5”5V 5 -0
sing = ——, cos¢=&, =45ﬁ; Quadrant IV
V5
__5 1
tanqﬁ—& or —,
5
¢ =~ 333°
x:
x—3=0
VAZ + B2=V12 + 020r 1
1 3
x—7=0
x—3=0

sing =0,sin¢p =1,p =3
tan¢ = Tor 0

=0

—\/gx—y=2
,\/gx,y,2:0
\/\z?f+B2=V(—V§)2+(—1)2 or 2

3 1 2
"Xy T3 =0
V31 _
Xy 1=
sin ¢ = —é, cos ¢ —g,p = 1; Quadrant III
1
— -
tan ¢ = ?orT
2
¢ = 210°

y—2:i(x+20)
y—2—ix+5
—x+4y—28=0
VA2 + B2 =V(=1)% + 42 or V17

1

4 98
TR T 0

VIT | aV1T o 28VAT
X \/g Yoo \_FO -
. 7 7 28V17
sin ¢ = 4171 ,COS ¢ = —T;, p= 171 ; Quadrant 1T
4V17
7 A
tan ¢ = VT or —
Y
¢ =~ 104°

233

28.

29.

30.

31.

32.

w|r

X

3 —y+4=0
x—3y+12=0

~ VA2 + B2=-V12 + (-=3)2or —V10

L3 12
Vit T Vi T —vio
V10 3V10 6V10
10 ”*\Flo Y75 \‘/70 i
sin ¢ = 31010, cos ¢ = —T?,p = %; Quadrant IT
3V10
10
tan ¢ = Vio or —3
~ 10
¢ =~ 108°
XY
20 t2a=1

Xy _
20 T2 1=0
6x + 5y — 124 =0
VA2 + B2 = V62 + 52 or V61

SR T -
Vet T Ve T Vel
6V61 5V61 120161
61 ¥ \?L«V_ 61 \/:0 e
sinqb:%, cosd):%,p = 1206161; Quadrant I
5V61
61 5
tan ¢ = 461 Or g
61
¢ = 40°
VA% + B2=V62 +8or10;p = 10

cos¢=%org,sin¢=%or%
xcos¢o +ysing —p=0
Sx+1y-10=0
3x +4y —50=0

VA2 + B2=V(-4)2 + 42 0or 4V2; p = 4V2
=4 Ve 4 V2
cos¢—4\/§0r 2,sm¢u—4\/§or2

xcosdp +ysing —p=0
,%x+%y,4\/§:0
x—y+8=0
2V2ox =1y + 18
2V2x —y—18=0
VA2 + B2=V22)2+ (-1)2=V9 =3

2V2 1 18
EREAE
p= ? = 6 units
33a. y
(N s
9| x
/ 1.25 ft
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33b. p = 1.25, ¢ = 45°

34a.

34b.

34c.

34d.

35a.

35b.

35c.
35d.

x cos (—45°) + y sin (—45°) — 1.25 = 0
Ve V2 1950

Vox — V2 —25=0
y

AN

\“ x

¢ and the supplement of § are complementary
angles of a right triangle, so ¢ + 180° — 6 = 90°.
Simplifying this equation gives 6 = ¢ + 90°.

tan 0. The slope of a line is the tangent of the
angle the line makes with the positive x-axis
Since the normal line is perpendicular to €, the
slope of the normal line is the negative
reciprocal of the slope of €. That is,
—cot 6.

The slope of ¢ is the negative reciprocal of the

Ttan6

slope of the normal, or “tang = —cot ¢.
VA2 + B2=V52 + 122 0r 13
5 12 39
13x + 13y 13=0
5
13% + E_y —-3=0
. 12
sin ¢ = 75, cos ¢ = 13, Quadrant I
12
13
= 2
tan¢ = 5 or 1?
13
¢ = 67°

¢ + 90° = 67° + 90° or 157°
xcos 157° + ysin 157° -3 =0
12

f—x+13y 3=0
VY44

12

"Xty BTl
/
/

/
/ 6] X
4

See students’ work.
The line with normal form x cos ¢ + y sin ¢ —

p = 0 makes an angle of ¢ with the positive

x-axis and has a normal of length p. The graph
of Armando’s equation is a line whose normal
makes an angle of ¢ + 6 with the x-axis and also
has length p. Therefore, the graph of Armando’s
equation is the graph of the original line rotated
6° counterclockwise about the origin. Armando is
correct. See students’ graphs.
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36a.

36b.

317.

38.

39.

J//
¢,

X

~\

)

o

/

The angles of the quadrilateral are 180° — «,
90°, ¢y — ¢, and 90°. Then 180° — a + 90° +
$g — ¢; + 90° = 360°, which simplifies to

¢9 = ¢; *+ o If the lines intersect so that « is an
interior angle of the quadrilateral, the equation
works out to be ¢ = 180° + ¢; — a.

tan ¢, = tan(¢; + @)

tan ¢, + tan o
T 1-tan¢; tan o
If the lines intersect so that « is an interior

angle of the quadrilateral, the equation works
tan ¢; — tan o

out to be tan ¢, = T+ tan o, tana-

bx —y =15
bx —y—15=0
\/A2+B2—\/52+( 1)2orv

5

Vet \Fﬁy \/*6

5V26 V26 15@_ _ 15V26

26 X7 26Y 7 26 ~ VP T g6
3x + 4y = 36

3x+4y—36=0
VAZ+ B2=V32+420r5

3 4 36 36
sty -5 =0p="5
bx — 2y = =20

5x — 2y +20=0
V52 + (—=2)2 = V25 + 4 or V29

5

52 20 _
vas® ~ vae? T vas = 0
5V29  2V29 | 20V29 _ 20\/2—9
29 ¥ 7 o9 Y 29 —0.p
1VE6 | 36 20V _ 43 85564879

13.85564879 X 500 ~ 6927.824395; $6927.82

2cos2x+ Tcosx—4=0
(2cosx— 1)(cosx+4)=0

2cosx—1=0 or cosx+4=0
2cosx =1 cosx = —4
cosx =5 no solution
™ 5w
X=go0rx= g
sinx =V1-—cos?x siny = V1 — cos?y

5
g Or

s

sin(x + y) sin x cos y + cos x sin y
- (%)(g) * (a)(?)
_2V35+V5

18



x2 = 6.72 + 6.72 — 2(6.7)(6.7) cos 26°20’
x2 =~ 9.316604344

x = 3.05 cm
42. xf5+251—7x2:x-%1-5
xf5 + xZ_—st = xi5
- 5@+ 5)(75) +

- B+ 5 g mgg) = @ - D&+ 5)
x(x+5)—-17T=x—-5
2 +5x—1T=x-5
¥ +4x—12=0
x+6)(x—2)=0
x+6=0 or x—2=0
x=-6 x=2
43. original box: V = wh
=4-6-2
=48
new box: V = ¢wh
1.5(48) = (4 + x)(6 + x)(2 + x)
72 = x3 + 12x2 + 44x + 48
0=+ 12x2 + 44x — 24

X Vix)
0.4 —4.416
0.5 1.125

V(0.5) is closer to zero, so x = 0.5.
4+x=4+0.50r4.5
6+x=6+0.50r6.5
2+x=2+050r25

4.5 1n. by 6.5 in. by 2.5 in.

44. \y x=2

Neo

oy v X

fl,y) =3x —y + 4
f2,3)=3(2)—3+4o0r7
f(2,6) = 3(2) — 6 + 4 or 4
f(5,3) =3(5) — 3+ 4or16
16, 4

1
x+5

)

(=6, =3)
46. The value of 2a + b cannot be determined from
the given information. The correct choice is E.

7-7 | Distance From a Point to a Line

Page 474 Check for Understanding
1. The distance from a point to a line is the distance
from that point to the closest point on the line.

2. The sign should be chosen opposite the sign of C
where Ax + By + C = 0 is the standard form of
the equation of the line.

3. In the figure, P and @ are any points on the lines.
The right triangles are congruent by AAS. The
corresponding congruent sides of the triangles
show that the same distance is always obtained
between the two lines.

p

Q

4. The formula is valid in either case. Examples will
vary. For a vertical line, x = a, the formula
subtracts a from the x-coordinate of the point. For
a horizontal line, y = b, the formula subtracts b
from the y-coordinate of the point.

5. 2x —3y=-2-2x—3y+2=0
d= Ax; + By, + C

VAT B

2(1) + (=3)(@2) + 2

—\ /22 + (_3)2
d= 2 or 2via
Vi3 13
6.6x—y=-3-6x—y+3=0
Ax; + By, + C
,\/AZ + BZ
6(—2) + (—1)@B) + 3
-12 12V/37
d=_—570r 3

d=

d=

Chapter 7



7.3x — by =1 When x = 2, y = 1. Use (2, 1).
3x—5y=-3-3x—5y+3=0
go AntBnrcC
 VATr B2
d= 32) + (—5)(1) + 3
R ey
q——1 2V/34
4
17
8.y=—3x+3 Use(,3).
y=—3x—T - x+3y+21=0
. Ax; + By, + C
T VA B
d= 1(0) + 3(3) + 21
,\/12+32
d=—"=or —3V10
3V10
9. d 6x; + 8y, +5 d 2x) — 3y, — 4
"hT Ve e 27 Vary ap
6x; + 8y, +5 2x; —3y; — 4
10 B V13
6V13x + 8V 13y + 5V 13 = 20x — 30y — 40
(20 - 6V13)x —
(30 + 8V13)y — 40 — 5V 13 = 0;
6x; + 8y, +5 _ 2x; —3y; = 4
10 RV
6V13x + 8V 13y + 5V 13 = —20x + 30y + 40
(20 + 6V13)x + (8V13 — 30)y —40 + 5V13 =10
10. (2000, 0)
d= Ax, + By, + C
VAT B
d— 5(2000) + (—3)(0) + 0
N
d= 13;(;—20 or about 1715 ft
Pages 475-476 Exercises
. Ax; + By, + C
Wd= e
_ 3@+ (90 +15
,\/32+(,4)2
d=2L
- -5
21
5
12 . Ax; + By, + C
T varr g
_ 5(3) +(=3)() + 10
_\/52+(_3)2
d— 10 5V34
T V81 O T
5V34
17
13. 2x—y=-3-5 2x—y+3=0
Ax; + By, + C
T Vazr B
d = —20+ (DO +3
V(=22 + (-1)
d=-2op2Vs
=505
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14.

15.

16.

17.

18.

19.

20.

y=4-3x .2 +3y-12=0
d:Ax1+By1+C
VA% + B2
d = 20D +3C3) +(-12)
Va? + 32

_ -2 25V13

TVt s
25V/13

13
y=2x—-5-2x—y—5=0
d:Ax1+By1+C

VAZ + B2
g 203000 + )

a Vo1 (12
d=%or0
y:—%x+6_>4x+3y—1820
d:Axl+By1+C

VAZ + B2
d= 4(~1) + 3(2) + (—18)

B Va2 132

_ ~16 16

=5 T3
16
5
d:Ax1+By1+C

-VaAZ + B?
d= 3(0) + (—~1)(0) + 1

V3 + (12
d—;or—@

~ V1o 10
Vio
10

3 3
6x — 8y =3 When x =0,y = —3. Use(O, —g).

6x—8 =-5-6x—8 +5=0

diAx1+By1+C
 VaArr B2
3
p 6(0) + (—8)(—5) +1
Ve (82
8 4
d=_"gor —3
4
5
4x — by = 12 When x = 3, y = 0. Use (3, 0).
4x—5y=6 - 4x—5y—-6=0
diAxl+By1+C
VAT B
g MO+ 6
Va2 + (-5)2
_ 6 6Val
d—\/4—10r 1
y=2x+1 Use (0, 1).
2k —y=2-2x—y—2=0
d_Ax1+By1+C
VAt g
d = 2000 + (=D@) + (=2)
V22 ¥ (-1)2
_ =3 3V5
df\/gOI‘— 5
3V5

5



21.

22.

23.

24.

25.

26.

y=-3x+6 Use (0, 6).
3x+y=4-3x+y—4=0

Ax; + By, + C
AT+ B
d= 3(0) + 16)(1) + (—49)
Va2 112
d= -2 op VA0
=i °" 5
y =§x71 Use (0, —1).
8+ 15=5y - 8 —5y+15=0
_ Ax; + By, + C
JRY/epny:>
d= 8(0) + (=5)(—1) + 15
—V82+ (—5)2
d=-20 20V/89
T Ve T s
20V/89
89
y = —%x Use (0, 0).
y:—%x—4_.3x+2y+8:0
_ Ax; + By, + C
_\/A2+BZ
g 20+20+8
—V32 1 22
d=-—3 Or_S\/Ts
Vi3 13
8V13
13
y=-x+6 Use (0, 6).
x+y—1=0
d = Ax; + By, + C
VazZ + B2
d= 1(0) + 1(6) + (= 1)
V12t 12
_ 5 _5V2
d= vz O 2
3x, + 4y, — 10 5x, — 12y, — 26
h= Ve dz =
3x; + 4y, — 10 by, — 12y, — 26
5 - 13
39x + 52y — 130 = 25x — 60y — 130
14x + 112y = 0
x+8 =0
3x, + 4y, —10  5x; — 12y, —26
5 - 13

39x + 52y — 130
64x — 8y — 260 = 0
16x — 2y — 65 =0

4x) +y, — 6 —15x; + 8y, — 68

V(-15) + 82

hE= e dy =

dx) +y, — 6 —15x; + 8y, — 68

V17 - 17

68x + 17y — 102 = —15V12x + 8V 17y — 68V 17
(68 + 15V17)x + (17 — 8V17)y — 102 + 68V17 =0

dx; +y, -6 —15x; + 8y, — 68
V17 - 17

68x + 17y — 102 = 15V 12x — 8V 17y + 68V17
68 — 15V17)x + (17 + 8V1IT)y — 102 — 68V17 = 0

Va2 + (122

—25x + 60y + 130

2
27.y=§x+1—»2x—3y+3=0
y=-3x—2-53x+y+2=0

2x; —3y; + 3 3x; —y; T2
= NVeri (g BT /32
2x173y1+3:_3x1+y1+2
V13 -V10

2V10x — 3V10y + 3V10 = —3V13x — V13y — 2V13
(2V10 + 3V13)x + (V13 — 3V10)y + 3V10 + 2V13 =0

26— 3y, +3 _ —3x;+y +2
-V13 -V10

—2V10x + 3V10y —3V10 = —3V13x — V13y — 2V13
(=2V10 + 3V13)x + (V13 + 3V10)y — 3V10 + 2V13 =0

28a. Linda: (19, 112)
Ax; + By, + C

T Vazi B
4(19) + (—3)(112) + 228
= -V4Z + (-3)2
= %3;2 or 6.4
Father: (45, 120)
d= Ax; + By, + C
~-VAZ + B?
d = AU5) +(=3)(120) + 228
— \/42 + (_3)2
d= % or —9.6
Linda
28b. 4x — 3y + 228 =0
4x — 3(140) + 228 = 0

4x = 192
x = 48
29. Letx = 1.
tan 0 = %
tan 40° = %
y = 0.8390996312
0.839 — 0
m="7"% y =y = mx = x;)
m =~ 0.839 y — 0.839 = 0.839(x — 1)
y =~ 0.839x
—0.839x + y =0
d = Ax; + By, + C
VAZ + B2
d ~ —0:839016) +102) + 0
V0.8392 + 12
d = — 1.092068438
1.09 m

30. The radius of the circle is \/[(— 5) — (—2)]% + (6 — 2)2
or 5. Now find the distance from the center of the
circle to the line.

_ Ax; + By, + C
=V A% + B?
d = 5(=5) + (=12)(6) + 32
—V52 + (-12)2
g==5
- 13
d=5

Since the distance from the center of the circle to
the line is the same as the radius of the circle, the
line can only intersect the circle in one point. That
is, the line is tangent to the circle.
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31.

32.

4-7 3
—3-10T7%

3
y—T=72(—-1)
3x —4y +25=0

mq =

Ax; + By, + C
Q= 7
1 ~VAZ + B?
_ 3=+ (=4)(—=3) + 25
al =
_\/32+(_4)2
_ 34
al = 5
__—3-4 1
My =1 (3 Ty

7
y-4= - (-3)
Tx+2y+13=0
Ax, + By, + C
,\/A2+BZ
7(1) + 2(7) + 13
,\/72+22
34 34V/53
(12 = —\/E{ or — 53
_1-(=3
ms=71-"(1
y—T7=5x—-1)
bx —y+2=0
Ax, + By, + C
-VAZ ¥ B?
5(=3) + (=)@ + 2
,\/52+(,l)2
o ar 17V26
a3 = _\/% or 26
34 34V53 17V26
5° 53 ° 26

a9 =

a9 =

orb5

ag =

(13:

/

Ol PP oo 'S

4 X

The standard form of the equation of the line
through (0, 0) and (4, 12) is 3x — y = 0. The
standard form of the equation of the line through
(4, 12) and (10, 0) is 2x + y — 20 = 0. The
standard form for the x-axis is y = 0. To find the

bisector of the angle at the origin, set Sf/l—oy =y

. 3 .
and solve to obtain y = PRVET 2 To find the
bisector of the angle of the triangle at (10, 0), set
% = —y and solve to obtain 2x + (1 + V5)y

— 20 = 0. The intersection of these two bisectors
is the center of the inscribed circle. To solve the

. . 3 .
system of equations, substitute y = T vi© nto

the equation of the other bisector and solve for x to

ot x = 20(1 + V10) Then v = 200 +V10)

& 5+3V5+2V10 Y 5 v sVt 2vio
3 60 . . :

TV 5+3\/5+2\/E'Th1s y-coordinate is the

inradius of the triangle. The approximate value is
3.33.
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33.

34.

35.

36.

2+ Ty=5
% — Ty +5=0
VA2 + B2= V22 + (-7)%or —\/53

2 T 5
—Vvas' T Ve T —vEs
2V/53 7V53 5V53
T3 X 53 Y~ 53 =0
cos 24 =1—2sin2 A
\V3\2
= 2(?)
_5
~ %
om 60° o
5 = 2w, 7 =60

=

- ——
+—t

}
y=;csc (6 460°)! O
O 120° . 300° 480

—
=t

110 — 3 = 330 180° — (60° + 40°) = 80°
x2 = 3302 + 3302 — 2(330)(330) cos 80°

x2 =~ 179979.4269

x = 424.24 miles

37.T:21T\/§
T:2'rr\/%
T=28s
38.20 1 8 k
2 20
1 10 [20+k
20+k=0
k=-20
39.2x +y—2z=-9 2+ y— z=-9
2(—x + 3y — 22) = 2(10) ~ —2x + 6y — 4z = 20
Ty —bz= 11
x—2y+ z=-7
—x+ 3y —2z= 10
y— z= 3
—5(y —2) = —5(3) -5y +5z=—-15
7y — 5z =11 - 7y — bz = 11
2y = —4
y= -2
y—z=3 x—2y+z=-17
-2-2z=3 x—2(=2) + (=b) = -7
5=z x=—6
(-6, —2, —5)
40. square: A = s2 triangle: A = %bh
16 = s2 = S(4)h
4=g3s 3=h
AE=s+h
AE =4+ 3or"7
EF = AE
EF =17
The correct choice is C.



Chapter 7 Study Guide and Assessment

Page 477 Understanding and Using the
Vocabulary
1. b 2. g 3.d 4. a
5.1 6. ] 7.h 8. f
9. e 10. c

Pages 478-480
11.

12.

13.

14.

15.

16.

17.

18.

1
cscl = 5
_ 1
=1
2
=2
tanZ 6 + 1 = secZ 6

42 + 1 = sec? 9

17 = sec? 6
V17 = sec 6
. 1
sinf = -
_ 1
-5
3
_3
=5
1
sec = -
_ 1
T4
5
_5
T4
csc x — cos? x csc x =
cos? x + tan? x cos? x
sin? x
cos® x + 2 cos? x
COS“ X
cos2 x + sin2 x
1

1—cosf o
— 2 (csc § — cot
1+ cosf (

Skills and Concepts

sinZ 6 + cos26 =1

(%)2 +cos?20=1

16

29 _ 16
cos® 6 = 5
4

cosf =

tanZ6 + 1 = sec? 6

tan?6 + 1 = (§>2

4
tan? 0 = %
tan 0 = %
Sirllx — (1~ sin? x)(sirllx)
Sirllx — Sirllx + sin x
sin x
21
21
=1
=1
0)2

1—cosf ( 1 LS@>2
1+cosf = \sinf  sinf
1—cosf , (1—cos 0)2
1+cosf — sinZ §
1-cosf , (1 = cos 0)
1+cosf — 1-—cos?
1—-cosf , (1 = cos 6)%
1+cosf — (1—cosb)(1+ cosb)
1—cosf , 1—cosb
1+cosg — 1+cosb
secf+1 , tanf

tanf T sech—1
sech+1 , tanb(secd+ 1)
tand —  sec2f—1
sech +1 , tanb(secf + 1)
tang tan? ¢
secf+1 _ secf+1

tan 6 tan 6

239

4 4

19 sin xfcosxil_cotgx
: sinZ x -
(sin? x — cos? x)(sin? x + cos? x)
2 21— cotZx
sin? x
sin? x — cos? x
= 21-cot?x
sinx
COS™ X
-5 21—cot?x
sin? x
1—cot?x=1—cot®x
20. cos 195° = cos (150° + 45°)

Z(_—f'_)(ﬁ)—%%
4

21. cos 15° = cos (45° — 30°)
= cos 45° cos 30° + sin 45° sin 30°

_V2 V3 V2 o1
) 2 2 2
_ Ve+Ve
- 4
. 17w . 17w
22. sm(— 12)——sm 12
. ™ T
f—s1n(4+ 6)

= —(sin 7 cos %T + cos 7 sin %T)
-7
_ _(=M6=-V2
_Veuv
1
23. tan - = tan (%ﬁ + %)
tanZ?‘rr + tan%

2w ™
1 —tan——tan—
an3 an4

. =VE+a
T 1- (VRO
_1-V3

T 1+V3

=4%22\/§or72+\/§

24. cosx = V1 — sin? x siny = V1 —cos?x

hEr e
cos (x —y) = cosxcosy + si}xsiny
(53)5) + ()

48 + 1V5
75

Chapter 7
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25.c0sy—secy siny = V1 —cos?y 929, tan - —
_ 1 _ (z)z e
=3 1-13
2
= uadrant I
B B ﬁ Vi (&) )
=3 T Vo Or-y
_ siny
tany = 05 y B
N =
3 5
= g or-
3 _ [2-V3
_ _tanx+tany 2 +V3
tan(x+y)_1—tanxtany @ - V32— V3)
5% “Vervae- Ve
h 5\ V5
_(2)X2 [@-V3)?
1 (4)< 2 ) =\ a-3
5+2V5 —9-/3
_ 4
T 8-5V5 30.sin20+00522=1
8 2 3V _
_10+4V5 sin 0+(5) =1
8-5V5 sin? § = %
_ 180 +82V5 180 + 25V5 "
o -61 61 sinf =7
o 150°
26. cos 75° = cos —, sin 20 = 2 sin 0 cos 0
1 + cos 150° _ of4)\(3
= \/70028 (Quadrant I) = 2(5)(5)
_ 24
= 2
31. cos 20 = 2 cos? 6 — 1
3\2
=2ff) -1
__ 7
T T2
sin 6 2 tan 6
32. tan 6 = -y tan 20 =
4 4
5 4 2<3>
=3 or g =
(Quadrant II) 3 ( é>2
5 113
24
T
33. sin 460 = sin 2(26)
= 2 sin 26 cos 20
24 7
. o = 2(%)(‘?5)
28. sin 22.5° = sin —, _ 83
= ,/% (Quadrant I) 625
34. tanx + 1 =secx
1,% (tan x + 1)2 = sec? x
= tan2x + 2tanx + 1 =tanZx + 1
2 2tanx =0
— 22 Ve tanx =0
x=0°
35. sin2x + cos 2x —cosx = 0
1—cos?2x+2cos2x—1—cosx=0
cosZx —cosx =0
cosx(cosx—1)=0
cosx =0 or cosx — 1=
x = 90° or x = 270° cos x =
x =
Chapter 7 240



36.

37.

38.

39.

40.

41.

42.

43.

44.

cos2x +sinx =1
1—-2sin2x +sinx=1
2sin?x — sinx =0
sinx(2sinx —1) =0

sinx =0 or 2sinx —1=0
x = 0°orx = 180° sinx=%

x = 30° or

x = 150°

. V2
sinxtanx — - tanx =0

tanx(sinx—%)=0
tanx =0 or sinx:%zo
x=1'rk . NG
s1nx=7
x = E+21Tk01‘7+2’ﬂk

sin2x + sinx =0
2sinxcosx + sinx =0
sinx (2cosx +1) =0

sinx =0 or 2cosx+1=0
x =k cosx = —5
x:%ﬂ—i-Zﬁrrk
orx=%ﬂ+2frrk
cos2x =2 — cos x

cos?x+cosx—2=0
(cosx — 1)(cosx +2)=0

cosx—1=0 or cosx+2=0
cosx =1 cosx = —2
x = 2mk no solution

xcos¢o +ysing —p=0
xcos%+ysin%—2\/_=0

éx+§y—2\/§:0
x+\/§y—4\/§=0
xcos¢o +ysing —p=0
xcos 90° + ysin 90° — 5 =0
Ox+1y—5=0
y—5=0
xcos¢ +ysing —p=0
xcos%ﬁ+ysin%ﬂ—3=0
e ¥y 3o
—x+\/§y—6=0
xcos¢p +ysing —p=0
x cos 225° + y sin 225° — 4V2 = 0
—gx—i-(—%)y—él\/Q:O
x+y+8=0
VA2 + B2=V72+ 32 or V58
7 3 8
Ve T Ve T ves 0
7V/58 3V58 4V/58

58"+\/5§J’_ 29 \ﬁo -

. 358 7 4V/58

sing =55, €086 =55 , P = 59 ; Quadrantl
3V/58
58 3

tan ¢ = = or
58

¢ =~ 23°
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45.

46.

47.

48.

49.

50.

6x =4y — 5
6x —4y +5=0

\/A2 + 32 = -Ve? + (—4)2or —2V13

i i T v = O
_3V13 2V13 5\/3
13 % 13" =0
sin ¢ = 21A\/3E3, cos ¢ = —31A\/373, p= %, Quadrant IT
2V13
tan ¢ = 13 or _2
3V13
BERE)
b ~ 146°
9x = =5y + 3
9x +5y—3=0
VA2 + B2 = V92 + 52 or V106
S 4.5 3 _
Vvioe® T Vioe? | Vioe
9V106 5\/106 31106 -0
106 X 106 Y 7 106
. 51106 91106 3V10
Sing =" ,C0SO="106">P =" 10g ,QuadrantI
106 5
tan ¢ = V106, ory
106
¢ = 29°
x—Ty= -5
x—T7y+5=0
-VAZ+B2=-V 12 + (=7%or —5V2
L =0
vt T v 5\/‘
e
sin ¢ = %, cos ¢ = _io p= %; Quadrant IT
V2
10
tan ¢ = -7
an ¢ vz or
T 10
¢ =~ 98°
d= Ax; + By, + C
T Va2 B
d— 2(5) + (~3)(6) + 2
,\/22 + (,3)2
g———8 6113
EEVERLEE!
2y =—=3x+6 - 3x+2y—6=0
_ Ax, + By, + C
VAZ + B?
d = 3324+ (6)
V32 + 22
] 723\/1_3
V13 ° 13
23V13
13
4y=3x—-1-3x—4y—-1=0
goAutBntC
o oVarip
4= 3C2+CH@W D
V32 + (-4)?
23

5
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5l.y=3x+6 - x—3y+18=0
diAxl-%—Byl-FC

~VAZ + B?
d = 1eD+ (-3)@0 + 18
,'\/12+(,3)2
a1 21V10
d= V1 %" 10
52.y =3 -6  Use (0, —6).
y=3+2-x-3y+6=0
d= Ax; + By, + C
VAt
d = 10+ 36 +6
,\/12+(,3)2
g— 2 12V10
VTR
d= 12\5/ﬂ)
53.y=-x+3 Use(0,3).
y=%xféa 3x —4y —2=0
d= Ax; + By, + C
VA p
4= 30+ CHE + (=2
V32 + (—4)2

—-14 14
d=—F or—75
14

5

4. x+y=1 Use (0, 1).
xt+ty=5-x+y—5=0
d:Ax1+By1+C

Va2 + B?
d=10+10)+ (=5

V12 + 12
d=%or—2\/§
d=2V2

55.y=-x—2  Use (0, -2).
d:Ax1+By1+C

Va2 + B?
d=20rChCEH+3
V2?2 + (-3)%
d—--2 9V13
T vz o8

56.y = —-3x—2-3x+ty+2=0

3
y:—§+5ﬁx+2y—3:0

d _ 3xty +2 d _xt+2y,-3
L Vi 2 Wiz
3x; +y,+ 2 x; +2y, — 3

-V10

V5
3Vhx + VBy + 2V5 = —V10x — 2V10y + 3V10
(3V5 + V10)x + (V5 + 2V10)y + 2V5 — 3V10 = 0

3x; +y,+ 2 x +2y — 3
-Vio V5

3\/5x+\/5y+2\f=\/ﬁx

5
+2V10y — 3V10

BV5E — V10)x + (V5 — 2V10)y + 2V5 + 3V10 = 0

Chapter 7

57. —x+3y —2=0
y=%x+3a3x—5y+15=0

d :—x1+3y1—2 d :3x1—5y1+15
T Ve 2T Vo
—x; + 3y, — 2 . 3x; — by, + 15
Vio Va1
—V34x + 3V34y — 2V34 = 3V10x — 5V10y +
15V10
(-V34 - 3V10)x + (3V34 + 5V10)y —
2V/34 — 15V10 =0
—x; +3y; -2  3x;— by, +15
V1o Va1
3V10x — 5V10y + 15V10 = V34x — 3V34y
+2V34

(—=V34 + 3V10)x + (3V34 —
5V10)y —2V34 + 15V10 = 0

Page 481 Applications and Problem Solving
58. The formulas are equivalent.
5. sin? 0
vn2 tan? 0 _ Yo cos2 0
2gsec?f o1
% cos? 6
5. sin? 6
_ Y07 cos2 o . cos? 6
- 9y - 1 cos? 0
8" cos? 8
B vy? sin? 0
28
_ Ax; + By, + C
59. d Vo m
q = 20600 + (=20 +0
V42 + (—2)2
g = 4490
T V20
d = 14311t
60.  sin30°=5;  30°+45° + 0 = 90°
100 sin 30° = x 0 =15°
50 = «x
x
cos f = Y
o _ 50
cos 15° = Y
50
Y = os 15°
y=51.76 yd
Page 481 Open-Ended Assessment

1. Sample answer: 15°; 15° = %

. 30° /1 — cos 30°
sin 9 9

V3
/ 2
2

Va-V3

1
2
/1 + cos 30°

\/g
/1+7

30°
cos 7y

2
2
Va+V3

2



t 30° 1 — cos 30°
AN 97 = VT + cos 30°

2
@-V3)E2-V3)
2+ V3)©2 - V3)

_ [e-3p2
- 4-3

=2-V3
— COS2 X
2. Sample answer: sin x tan x = %T
. 1 — cos®x
smxtanx =~ = —
. sinx  sin’«x
SINX Gosx ~ cosx
sin? x _ sin? x
SAT & ACT Preparation
Page 483 SAT and ACT Practice

1. The problem states that the measure of [JA is 80°.

Since the measure of OB is half the measure of
0A, the measure of (0B must be 40°. Because [JA,
0B, and OC are interior angles of a triangle, the
sum of their measures must equal 180°.

mOA + mOB + mOC = 180
80 + 40 + mOC = 180
120 + mOC = 180
mOC = 60
The correct choice is B.
. To find the point of intersection, you need to solve
a system of two linear equations. Substitution or
elimination by addition or subtraction can be used
to solve a system of equations. To solve this
system of equations, use substitution. Substitute
2x — 2 for y in the second equation.
Tx — 3y =11
Tx — 3(2x — 2) = 11
Tx —6x + 6 =11

x=25
Then use this value for x to calculate the value
for y.
y=2x— 2

y=2(5)—2o0r8
The point of intersection is (5, 8). The correct
choice is A.
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3. One way to solve this problem is to label the three

interior angles of the triangle, a, b, and c¢. Then
write equations using these angles and the
exterior angles.

a+b+c=180

x+a=180
y+ b =180
z+c=180

Add the last three equations.

x+a+y+b+z+c=180+ 180 + 180

x+y+z+a+b+c=180+ 180 + 180

Replace a + b + ¢ with 180.

x+y+z+ 180 =180 + 180 + 180
x+y+2z=180 + 180 or 360

The correct choice is D.

. Since x + y = 90°, x = 90° — y.

Then sin x = sin (90° — y).
sin (90° — y) = cos y

sinx _ sin®0° —y) _ cosy _ 4
cosy - -

The correct choice is D.

Another solution is to drav&;7 a diagram and notice
that sinx = ~and cos y = .

sin x

cosy

oo o |o
Il
—
x
o

yo

b

. In order to represent the slopes, you need the

coordinates of point A. Since A lies on the y-axis,
let its coordinates be (0, y). Then calculate the two

slopes. The slope of AB is 0{7(33) = % The slope
of AD is g: g = —%. The sum of the slopes is

pa Yy _

g+ 5=0.

The correct choice is B.

. Since PQRS is a rectangle, its angles measure 90°.

The triangles that include the marked angles are
right triangles. Write an equation for the measure
of OPSR, using expressions for the unmarked
angles on either side of the angle of x°.
90 = (90 — a) + x + (90 — b)

0=90-a-b+x
a+b=90+«x
The correct choice is A.
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7. Simplify the fraction. One method is to multiply
2

both numerator and denominator by %

1 1
YTy 7£ YTy
2. 1 7 2, 1

-3+ =5+ 3
__ =y
y272y+1
_ 0%
G-Do -1
_ 2 =-Do+ 1
-DHy -1
_ Yty
y—1

Another method is to write both the numerator
and denominator as fractions, and then simplify.

1 2 -1
Ty oy
172+i -2y +1
yoy? ¥?
:yz_*l(L)
y y2—2y+1
_ Y -De+
o-DHoy -1
¥ty
y—1

The correct choice is A.

8. Since the triangles are similar, use a proportion
with corresponding sides of the two triangles.

BC _ BD
AC ~ AE
2 _ 4
2+3  AE
2AE = 4(2 + 3)
AE =10

The correct choice is E.

Chapter 7
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9.

10.

Since the volume V varies directly with the
temperature 7, the volume and temperature
satisfy the equation V = kT, where & is a constant.
When V =12, T'= 60. So 12 = 60k, or k = .
The relationship is V = %T .
To find the volume when the temperature is 70°,
substitute 70 for 7'in the equation V = %T.

= %(70) or 14. The volume of the balloon is
14 in3.
The correct choice is C.
Two sides have the same length. The lengths of all
sides are integers. The third side is 13. From
Triangle Inequality, the sum of the lengths of any
two sides must be greater than the length of the
third side. Let s be the length of the other two
sides. Write and solve an inequality.
2s > 13

s>6.5

The length of the sides must be greater than 6.5.
But the length of the sides must be an integer.
The smallest integer greater than 6.5 is 7. The
answer is 7. If you answered 6.5, you did not find

an integer. If you answered 6, you found a number
that is less than 6.5.



Chapter 8 Vectors and Parametric Equations

8-1 | Geometric Vectors

Page 490 Check for Understanding

1. Sample answer:

Draw a. Then draw b so that its initial point (tip)
is on the terminal point (tail) of a . Draw a dashed
line from the initial point of @ to the terminal
point of b. The dashed line is the resultant.

2. Sample answer: A vector has magnitude and
direction. A line segment has only length. A vector
can be represented by a directed line segment.

3. Sample answer: the velocities of an airplane and a
wind current

4. No, they are opposites.
5-11. Answers may vary slightly.
5. 1.2cm, 120° 6. 2.9 cm, 55° 7. 1.4 cm, 20°

3.5 cm, 70°

2.6 cm, 210°

12.9 cm, 51°

245

11.

2.9 cm, 12°

12. h = 2.9 cos 55° v = 2.9 sin 55°

h = 1.66 cm v=2.38cm
13a. 51 100

13b. Use the Pythagorean Theorem.
c2=a?+ b2
¢ = (100)% + (5)2
¢ = 10,025
¢ ='V10,025 or about 100.12 m/s

Pages 491-492 Exercises

14. 2.6 cm, 128° 15. 1.4 cm, 45°
16. 2.1 cm, 14° 17. 3.0 cm, 340°
18-30. Answers may vary slightly.
18. F+3

// \

3.4 cm, 25°

20.

[0
+
[=47

359°
3.8 cm, 359°

Chapter 8



21. 324°

22.
r—t

5.2 cm, 128°
24.

———tm— >

4.2 cm, 45°
25.

8.2 cm, 322°

Chapter 8

217.

29.

30.

31.

32.

33.

3.5 cm, 22°

r+s—u

5.4 cm, 133°

5.5 cm, 358°

Draw to scale:

-2t

3.4 cm, 301°

Draw to scale:
3t

357°

11.7 cm, 357°

h = [12.6 cos 128°0
h = 1.60 cm

h = 1.4 cos 45°0
h =0.99 cm

h = [12.1 cos 14°0
h =2.04cm

v = [12.6 sin 128°0

v = 2.05cm
v = [01.4 sin 45°0
v =0.99 cm
v = [12.1 sin 14°0
v =0.51cm



34.

35.

36.

317.

38.

39.

h = 3.0 cos 340°0 v = [03.0 sin 340°0
h = 2.82 cm v=103cm

2 =a?+ b2

c2 = (29.2)% + (35.2)2

¢ = 2091.68

¢ =V2091.68 or about 45.73 m

The difference of the vectors; sample answer: The
other diagonal would be the sum of one of the
vectors and the opposite of the other vector, so it
would be the difference.

Yes; sample answer:

35N

40N

60N

61 N, 23° north of east
Sometimes;

a+b|l=5
[a + b| = 23 + 27
=5
[a+b|=15
[l + b| = 23 + 2.7
=5
40a. v = 1.5 sin 52° h = 1.5 cos 52°
v~1.18N h=~0.92N
40b. h = 1.5 cos 78° v =1.5sin 78°
h=0.31N v=147N
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v = 47 sin 40°
v = 30 mph

41. h = 47 cos 40°
h = 36 mph

42. Tt is true when k£ = 1 or whena is the zero vector.
43. ¢ = @2 + b2

2 = (50)% + (50)2

¢ = V5000 or about 71 1b

a+b =24 L
equilateral trianglea =b = 241b

45. The origin is not in the interior of the acute angle.
d; = —d,

d. = x—y+2 x—y+2
1" Vi vz
__y—5
b =Ve e Ty 5
x—y+2__ .
2 (y —5)

x—y+2:\/§(y—5)
x—y+2=\/§y—5\/§
xfy+27\/§y+5\/_=0
x—(1+V2dy+2+5V2=0

sin 0
46. cscfcosftan 6 = 7 5 - cos -
__ sinf cosf
~ sin® cosf
=1

v . .
47. + + wn where n is an integer

48.

N
N7

[—%, 57“] scl:% by [—3, 3] scl: 1

3w
x=m - for0=x=27

o [ L
49. tan 18°29" = =,
5

b= G 5tan 15720’
b=29.9cm
: 00qr — 2
sin 18°29" = n
5
h = Gnisay
h =15.8cm

Chapter 8



50. v, = volume of original box

v,, = volume of new box

v, = €O X w, X ho
=(w + 1) X w X 2w
=w + 1)2w?
= 2w3 + 2uw?

v, =4, Xw, Xh,
=w+2)X(w+1) X Q2w+ 2)
= W?+ 3w + 2)Qw + 2)
= 2w3 + 8w? + 10w + 4

2w + 8w? + 10w + 4 = 160

w 2 8 10 —156
-1 2 6 4 —160
1 2 10 20 —136
2 2 12 34 —88
3 2 14 52 0
w, =3
€, = 2w
=2-30rb6
hy=w+1
=3+1or4

So, the dimensions of the original box are

3ft X 4ft X 6ft
x+ 2

51. 809 = G-+

52.

vertical: As x approaches 1 and —3, the expression

approaches +o or —», So, x = 1 and x = —3 are
vertical asymptotes.
horizontal: y = 755, % f ;rx{ 3
x 2
_ K2 22
y= x2 2 3
22 e
1.2
_ X xz
Y= 2 3
1+ ; - x_2

As x increases positively or negatively, the
expression approaches 0. So, y = 0 is a horizontal
asymptote.
Let x, x + 2, and x + 4 be 3 consecutive odd
intergers.
3x=2(x+4)+3
3x=2x+8+ 3
3x — 2x =11
x =11
The correct answer 15.

x+4=15

8-2 | Algebraic Vectors

Pages 496-497

Check for Understanding

1. Sample answer: @ = (8, 6), b = (6, 8); equal

vectors have the same magnitude and direction.

Chapter 8
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10.

11.

12.

13.

Pages 497-499
14.

. Use XY O = \/(x2 - xl)2 + (g — yl)2 and replace

the values for x and y.

x(—5, —6), (3, —4)

XY 0= VI3 = (=52 + [-4 - (-6)°
=V64 + 4 or V68

. Jacqui is correct. The representation is incorrect.

(2, 0) + (0, —5) is not equal to 5(1, 0) + (=2)(0, 1).
The correct expression is 2i — 5j .

.MP =(-3-2,4— (—1)) or {—5, 5)

(MP 0= V(=5) + (5)2
= V50 or 5V/2 units

.MP =0 —5,5—6)or(—5, —1)

OMP O = V(=52 + (—1)2
= \V/26 units

.MP = (4 — (—19), 0 — 4) or (23, —4)

OMP 0= V(23)% + (—4)2

= /545 units
t=u+v
=(—1,4)+ (3, —2)
=(=1+ 3,4+ (=2)or(2,2)
t = %Tf -v
=L -6 -2
= (52— (3, -2
- (-1-3,2-(-2)or(-354)
t =4u +6V
=4(—1,4) + 6(3, —2)
=(—4, 16) + (18, —12)
=(—4+ 18,16 + (—12)) or (14, 4)
t =-8u
= —8(—1, 4)
= (—=8(—1), —8(4)) or (8, —32)
X8, —6)0= V82 + (—6)2
N = /100 or 10
81 — 6j
K-7, =5)0= V(=72 + (-5)?
=V
=71 — 5j
Letirepresent the force Terrell exerts.

Let W represent the force Mr. Walker exerts.
0T, 0 = 400 cos 65° W, 0 = 600 cos 110°

. =169.05 . =—205.21
EFI‘yIZI = 400 sin 65° DWyEI = 600 sin 110°
~ 362.52 ~ 563.82

T =(169.05, 362.52), W = (—205.21, 563.82)
T +W = (—36.16, 926.34)
OT + WO = V/(—36.16)2 + (926.34)2

~ 927N

Exercises
YZ =(2—4,8—2)or(—2,6)
0YZ0= V(=2 + 62

=140 or 2V10



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

?Z;: (=1 = (=5),2 — T)or (4, —5)
OYZO = V42 + (—5)2
V41

YZ =(1-(-2),3—5)or(3, —2)
O0YZ0 = V32 + (—2)2

=V13
YZ =(0—5,—3— 4)or (-5, —7)
0YZO = V(=5)2 + (—7)

=74
YZ =0 —3,4— 1)or(—3, 3)
0YZ0 = V(=3)2 + 32

=118 or 3V2
YZ =(1 - (—4),19 — 12) or (5, T
0YZ0 = V52 + 72

=\V74
YZ =(7-5,6— 0)or (2, 6)
O0YZ0 = V22 +62

=40 or 2V10
YZ = (23 — 14, =14 — (—23)) or (9, 9)
0YZ0 = V92 + 92

=1V162 or 9V2
AB = (36 — 31, —45 — (—33)) or (5, —12)
OABO = V52 + (—12)2

=V169or 13

b +¢
=(6,3) + (—4, 8)
=(6+ (—4),3+ 8 or(2, 11)

—

a

Il
DO
[=n
+
(¢}

a

= 2(6, 3) +(—4, 8)

=(12, 6) + (—4, 8)

= (12 + (—4), 6 + 8) or (8, 14)
a=Db +2¢C

= (6, 3) + 2(—4, 8)

= (6, 3) + (-8, 16)

= (6 + (—8), 3 + 16) or (—2, 19)
a =2b + 3¢

= 2(6, 3) + 3(—4, 8)

= (12, 6) + (—12, 24)

= (12 + (—12), 6 + 24) or (0, 30)
a =-b +4¢c

= —(6,3) + 4(—4, 8)

= (-6, —3) + (—16, 32)

= (=6 + (—16), —3 + 32) or (—22, 29)
a=b—2¢

=(6,3) — 2(—4, 8)

=(6,3) — (-8, 16)

=(6 — (—8), 3 — (16)) or (14, —13)
2 =3b

= 3(6, 3)

=(3-6,3-3)or (18, 9)
N 1—

a —_EC

= —X-4,8)

=(-3- 05 gor -4
a =6b +4¢

= 6(6, 3) + 4(—4, 8)

= (36, 18) + (—16, 32)
= (36 + (—16), 18 + 32) or (20, 50)
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32.2 = 0.4b — 1.2C
= 0.46, 3) — 1.2(—4, 8)
=(2.4,1.2) — (—4.8, 9.6
(2.4 — (—4.8), 1.2 — 9.6) or (7.2, —8.4)

33.3 =3(2b — 50)
= 5(2(6, 3) — 5(—4, 8))
= (12, 6) — (~20, 40))
= 3((12 — (~20), 6 — 40))
= 332, —34) or (2, -5
34.3 = (3b +¢)+5b

= 3(6, 3) + (—4, 8) + 5(8, 3)
= (18, 9) + (—4, 8) + (30, 15)
= (18 + (—4) + 30,9 + 8 + 15) or (44, 32)
35. 3m — 2.5n = 3(—5, —6) — 2.5(6 — 9)
= [-15, —18) — (15, —22.5)
=[-15 — (15), —18 — (—22.5)
= (—30, 4.5)
36. [X3, 4)0 = V32 + 42
R = V25 o0r 5
3i + 4j
37. X2, —3)0= V22 + (—3)2
V13

2 - 3j
38. X—6, —11)0= V(—6)2 + (—11)2
R . =V157
—6i — 11
39. [X3.5, 12)0= V(3.5)2 + 122
R _=V156.25 or 12.5
3.51 + 12j
40. (—4, YO = V(—4)? + 12
. =V1T
—4i +]
41. [X—16, —34)0= V(—16)2 + (—34)?
= V1412 or 2V353
~161 — 345

42. ST = (=4 — (—9), =3 — 2) or (5, —5)
5i — )
43. Student needs to show that
(Vi+ V) V3=V, +(Vy+Vy)
(Vi+Vy +Vy=[a b+ (c,d)] + e f)
={a+c,b+d +{ef
={a+c)y+e b+d+f)
={a+{c+e,b+{d+/[)
={a,b)y+{c+ed+ [
{a, b) + [e, d) + (e,
=v;t(vytvy

44a.

44b. sin 20° = 10“5

nym = 100 sin 20°
~ 34N

Chapter 8



45a. Surfer

Vi
V=15
30°
Shore Vy
45b. sin 30° = —
ov,0
— 15
V0= o500
~ 30 mph

46a. Since QR + ST =0, QR = —ST.
%they are opposites.

46b. QR and ST have the same magnitude, but
opposite direction. So, they are parallel.
Quadrilateral QRST is a parallelogram.

47a. t = %
= 15521;: or 30 s
47b. d =rt

= (1.0 m/s)(30 s) or 30 m
47c. OV 5+ V (0= (0.5) + (1.0)0
Ve
= V/26 or about 5.1 m/s

_ b mx) <
48. cos § = - - (X — %) =V cos 0

LZW;I) - (Vg =) =V sin @
49. PQ =(-2—8,5— (-7)
=(-10, 12)
0PQ 0= V(-10)2 + 122
_=\V2u
RS =(7—-8,0—(=17))
=(-1,7
ORS 0= V(=12 + 72
= V50
none
|Ax, + By, + C|
50. d = ViR
I3=1) - 74 — 1
d= Vi
= % or about 4.2
51. sin 255° = sin (225° + 30°)
= sin 225° cos 30° + cos 225° sin 30°

sin § =

SR ()
_Ve-va

4
52. y = Asin (kx + ¢)
A:DAO= 17
A=17o0r —17

[\
I
® a3

= —60°

e
|

4+ o oo

—60°
480°
7 sin (8x + 480°)

<
I
—_
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53. Let a = 400, b = 600, C = 46.3°
¢ = 4002 + 6002 — 2(400)(600) cos 46.3°
c? ~ 18.8578.39
c= 434
P=a+b+e¢
~ 400 + 600 + 434
~ 1434 ft

s=%(a+b+c)

s ~ 5(1434) or 717

E=Vs(s—a)s— b)s—c)

k= \/717(717 — 400)(717 — 600)(717 — 434)
k ~\,525,766,079

k = 86,751 sq ft

54. Sample answer:

— 2 _
f) = 3x" — 2x + 1 An upper bound is 2.
r 3 -2 1
1 3 1
2 3 4 9

r 3 2 1 A lower bound
3 5 6 is —1.
3 8 17

55. J

[—4, 4] scl:1 by [—4, 4] scl: 1
max: (0, 3), min: (0.67, 2.85)

56. fx) =x%2+ 3x+ 1
x f)
—10,000 99,970,001
—1000 997,001
—100 9701
—-10 71
0 1
10 131
100 10,301
1000 1,003,001
10,000 100,030,001

Yy o> oasx > O,y 5> Was X —» —©
57. 1x +1>Tx—1
1>-1
This statement is true regardless of the value of x,
so it is true for all real values of x.
The correct choice is A.



8-3

Vectors in Three-Dimensional
Space

Pages 502-503
1.

7.

8.

10.

Check for Understanding

Sample answer: sketch a coordinate system with
the xy-axes on the horizontal, and the z-axis
pointing up. Then, vector 2i is two units along the
x-axis, vector 3j is three units along the y-axis,
and vector 4k is four units along the z-axis. Draw
broken lines to represent three planes.

. Sample answer: To find the components of the

vector, you will need the direction (angle) with the
horizontal axis. Using trigonometry, you can
obtain the components of the vector.

. Sample answer: Neither is correct. The sign for

the j -term must be the same (—), and the
coefficient for the k -term is 0, so the correct way
to express the vector as a sum of unit vectors is
i—4j.

el
G4,-1,7) 657 | |
L
11 |
11 1 1
11 1
11 1 T './-'
[ |
! 1
lz.
0oG 0=

V42 + (12 + 72
66

. RS =(3—-(-2),9—5,-3—8)or (5 4, —11)

ORSO= V52 + 42 + (—11)2
=V162 or 9V2

. RS =(10-3,-4-17,0— (—1))or (7, —11, 1)

ORS O= V72 + (—11)2 + 12
=V171 or 3V19
a=3f+g
=3(1, -3, —8) + (3,9, —1)
=(3, -9, —24) + (3,9, —1)
=(3+3,-9+9,—24 + (=1)) or (6, 0, —25)
a =28 — 5f
=2(3,9, —1) — 5(1, —3, —8)
= (6, 18, —2) — (5, —15, —40)
_ =(6-5,18 — (~15), =2 — (~40)) or (1, 33, 38)

.EF =(6— (~5), =6 — (—2), 6 — 4)

= (11, 4, 2)

111 — 45 + 2k

EF = (12 — (—-12), 17 — 15, —22 — (=9))
=0, 2, —13)

9 — 13k
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11.

12.

(X132, 3454, 0)0 = V1322 + 34542 + 02

= V11,947,540
~ 3457TN
Pages 503-504 Exercises
B(4,1,-3) “¥
0OB 0=

V42 + 12 + (—3)2
26

14.

0OBO= V72 + 22 + 42

=169
z
_ 36
-4
S22
B(10,—-3,15)¢=+" | {10
1 1 1 1
1 1 1 8
IR
114
: : : 12424
—12-10-8 | 24y
l 4
X
0OBO= V102 + (-3)% + 152

=V334

15. TM =(3 — 2,1 — 5, —4 — 4y or (1, —4, —8)

16.

17.

18.

19.

OTM 0= V1% + (—4)% + (—-8)2
=V8lorH9

TM = (-3 —(~2),5— 4,2 — Tyor{—1, 1, —5)

OTMO=V(=1)2 + 12 + (-5)
=V27or 3V3

TM =(3-2,1—5,0— 4)or (1, —4, —4)

OTMO= V12 + (—4)% + (—4)
=133

TM =(—1-3,1—(—5),2 — 6)or (—4, 6, —4)

OTM O = V(=4 + 6% + (—4)?
=V68or2V17

TM = (-2 — (—5), =1 — 8, —6 — 3)or (3, —9, — 9)

OTM 0= V32 + (—9)2 + (-9)2
=V171 or 3V19

Chapter 8



20. TM =(1—0,4—6,—3 — 3)or{l, —2,
OTM 0= V12 + (-2)2 + (—6)2
=Vl
21. 0CJ O =(3 — (—1), =5 — 3, —4 — 10)
or (4, —8, —14)
OCJ O= V42 + (—8)2 + (—14)2
276 or 2V 69
22. W = 6W + 27
= 6(2,6, —1) + 2(3, 0, 4)
= (12, 36, —6) + (6, 0, 8)
= (18, 36, 2)
23.?1\:;\7\—w + 27
—3,5) — (2,6, —1) + 23, 0, 4)
:<2, 3 5> (2,6, —1) + (6, 0, 8)
=<6 75, 11 >
24.W =5V
3
=,(4,-3,5) —

u =§<4

—_

- W
(2,6, —1)
9
3, — 1 f> (2,6, -1)
-85, 43)
N 2 —
v - gw + 2z
(4, =3, 5) — %2, 6,
~9,15) — (5.4
- <165, -13,233)
= 0.75% + 0.25W
= 0.75(4, —3, 5) + 0.25(2, 6, —1)
(3, —2.25, 3.75) + (0.5, 1.5, —0.25)
(3.5, —0.75, 3.5)
27.0 = —4w +z
— —4(2,6,—1) + (3,0, 4)
(=8, —24,4) + (3,0, 4)
= (—5, —24, 8)
2= — 2 =—
28.2Ff +3g —-h
=2(-3,45,—1) + 3(~2, 1,6) — =(6, —3, —3)

< >+<6318> < §—§>
(- Q&&>

-1) + 2(3,0, 4)

(L,
25.u =3
3
(12 §>+<6,o,s>

—

26.u

5° 5 15
29.LB 5*2*6*2 2 — Tyor(3, —8, —5)
31—8_]—5k
30.LB—( 4*( 6), 5 —
21 +4_|—k
31.LB =(7-9,3—17, -2 — (=11)) or (—2, —4, 9)
—2?—4T+9K
32. LB = (-8~ 12,7 -
—201 +5_]—11k

1,-1-0)or(2, 4, —1)

2, =5 — 6) or (—20, 5, —11)

33. LB = (-8 — (=1),5 — 2, —10 — (—4))
or (=7, 3, —6)
-7 +3] -6k
34. LB = (6 — (—=9),5 — 12, =5 — (=5))
or (15, — 7, 0)
151 — 7_]

Chapter 8
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35. 0G,G,0 = V(x, — x)% + (v, — y)2 + (25 — 27)2
=V, = x)2 + (o, — ¥9)2 + (2, — 2% = 0G,G,0
because (x — ¥)2 = (y — x)2 for all real numbers x
and y.

36. If m = (m,, my, my), then
Om 0=V (m)?+ (my)? + (my)2 If —m
<_m1; —Mmy, _m3>, then O-m 0=
V(=m2 + (—my)? + (—mg)%

Since ml2 = (—ml)z, m22 = (—m2)2, and m32 =
(-mg? 0-mO=0Om0O
37.(3,-2,4)+ (6,2,5) +F = Q
9,0,9+F =0
F =—-(9,0,9 or
(9,0, -9)
1
38. m = 5(x; + x9, ¥; T 9,27 + 29)

=32 +4,3+56+2)
= 3(6,8,9)
= (3,4, 4)
39a. OK =(1-0,4 -
i+ 4
39b. TK = (1 - 2,4 —
—1
40.¢ =b —-a
€ =(@15 -
T =(2, -2, 4)
41a. z

0,0 — 0)or(1, 4, 0)

4,0 —0)or(—1,0, 0)

(1,3, 1)

6..
I .

Xd=—

41b. Find distance between (0, 0, 0) and (15, 15, 15).
d=V(15—- 02+ (15 — 02 + (15 — 0)2
= V675 or about 26 feet
41c. sinf = 35

0=sin_1(\/16%)
9 = 35.25°
42. TABO=V (1 - 22 + (V3 — 0)2 + (0 — 0)2
=V4or2
DB_éDz\/(1—1)2+(§—\/§)2+(¥—0)2
V36— 6V3

= or ~ 1.69

ACO= \/(1 —o (B-0) (B2 0)
=V2or=~1.41
No, the distances between the points are not
equal. A and B are 2 units apart, B and C are 1.69
units apart, and A and C are 1.41 units apart.
43.(3,5) +(—-1,2) =3 + (-1),5 + 2)
=(2,7)




44. AB =(-3—-5,3—2)or{(—8, 1)
CD =(d, — 0, dy — 0) or (dy, dy)
AB = CD
(=8, 1) ={d}, dy)
D= (-8, 1)
sin 2X
45. 1—cosox = cot X
2 sin X cos X
1-cos?X+sin2X = cot X
2 sin X cos X
2 sin? X = cot X
cos X
sinX cot X
cot X = cot X

_2
46.c0s(9—3

sin20 =1 — cos? 9

wo-1- (1)
sin“f =1 9
. 5
sin? § = 9
. V5
sin 6 = —-
.6
47.y = 6siny
amplitude = 60 or 6
. 2
period = 5~
2w
= 7 ordm
2
rev 2mrad 1min 8m .
48. 16 - Trev " 60sec — 15 radians per second

49. Yes, because substituting 7 for x and —2 for y
results in the inequality —2 < 180 which is true.
y<4x2-—3x+5
—-2<4(N2-3(71)+5

-2 <180
3 3+1 4 3 4
50. 551 =3 973

[\
+
—
w

. _3 2_3
"3+1 7 4 3 >4
So, B is not correct.

The correct choice is E.

8-4 | Perpendicular Vectors

Pages 508-509 Check for Understanding

1. Sample answer: Vector v X w is the negative of
vector w X v.

i T k
VXw=|-1 0 3
1 2 4
~10 3|37 _ |1 BJ%JF—I Ol%
2 4 1 4 0 2
=-6i +7 — 3k
i7k
VXw=|1 2 4
-1 0 3
12 47 |1 4Jf+ 2%
0 3 -1 3 -1 0
=6i — 7 +3k

253

—

-

: ‘

2.a Xa =|a, a, a,
a, a, a
-9y a3 _ | a2j+ax a3
a, a, a, a, a, a,

= (ayaz — ayaz)i - (a0, — a,a))j
+ (axay — axay) k
=0i —0j +0k
=(0, 0, 0)
=0
3. Sample answer: No, because a vector cannot be
perpendicular to itself.

4. (5,2)-(=3,7) = 5(—=3) + 2(7)
=-15+ 14
= —1,no
5. (=8, 2) - (4.5, 18) = —8(4.5) + 2(18)
= —36 + 36
=0, yes
6.(—4,9,8) (3,2, —2) = —4(3) + 9(2) + 8(—2)
=—-12+ 18 — 16
= —10, no
i j Ok
7.(1,-3,2) X(=2,1,-5)=| 1 -3 2
-2 1 -5
[l e
1 -5 -2 -5 -2 1

=13 —j — 5Kk or(13, 1, —5), yes
(13,1, —=5) - (1, —3, 2)
13(1) + 1(=3) + (—=5)(2)
13-3-10=0
(13,1, =5) - (—2, 1, —5)
13(=2) + 1(1) + (=5)(=5)
—92%6+1+25=0

ik

8.(6,2,10) X (4,1,99=1{6 2 10
4 1 9

—|2 103 _ |6 10T+6 2%
1 9 4 9 4 1

= 81 — 14j — 2k or (8, —14, —2), yes
(8, —14, —2) - (6, 2, 10)

8(6) + (—14)(2) + (=2)(10)

48— 28 -20=0

(8, —14, —2) - (4, 1, 9)

8(4) + (—14)(1) + (—=2)(9)
32-14-18=0

9. Sample answer: Let 70, 1, 2), U(—2, 2, 4), and

V(-1, -1, -1)

TU =(-2,1,2)

TV =1, -3, —5)

TU x UV =
i j k

=[-2 1 2
1 -3 -5

_| 12y -2 2’7+‘72 1‘§
-3 -5 1 -5 1 -3

—

=1 — & + 5k or(l, -8, 5)
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10. AB = (0.65, 0, 0.3) — (0, 0, 0)

__ =(0.65,0,0.3)
F =005
T =AB XF =
ij 0k
=1065 0 0.3
0 0 -32
:‘0 0.3‘—{_‘0.65 0.3‘—.‘+‘0.65 0.3
0 —32 0 —32 0 0

=0i —20.§ + 0k
Or 0= V0?2 + (—20.8)2 + 02
= 20.8 foot-pounds

Pages 509-511 Exercises
11. (4.8) - (6, —3) = 4(6) + 8(—3)

=24 — 24
=0, yes
12. (3, 5) - (4, —2) = 3(4) + 5(—2)
=12 -10
= 2, no
13. (5, —1) - (=3, 6) = 5(—3) + (—1)(6)
=-15—-6
= —21,no
14. (7, 2) - (0, —=2) = 7(0) + 2(—2)
=0—-4
= —4,no
15. (8, 4) - (2, 4) = 8(2) + 4(4)
=16 + 16
= 32, no
16. (4,9, —3) - (=6, 7, 5) = 4(—=6) + 9(7) + (=3)(5)
=—-24+63 - 15
= 24, no
17. (3, 1,4) - (2,8, —2) = 3(2) + 1(8) + 4(—2)
=6+8—-38
= 6, no
18. (—2,4,8)-(16, 4, 2) = —2(16) + 4(4) + 8(2)
=—32+ 16 + 16
=0, yes
19. (7, —2,4)- (3,8, 1) = 7(3) + (—2)(8) + 4(1)
=21-16+4
=9 no
20.3 -b =(3,12) - (8, —2)
=24 — 24
=0, yes
b e =(8 -2 (3 -2
=24+ 4
= 28, no
a-c¢c =(3,12)-(3, —-2)
=9-24
= —15, no

Chapter 8
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21.

22.

23.

24.

25.

ik
0,1,2) x(1,1,4)=10 1 2
1 1 4

_ |1 2T_0 2T+0 1T{

1 4 1 4 11

=91 +2j — Kk or(2,2, —1), yes
(2,2, -1)-(0, 1, 2)
200) + 2(1) + (—=1)(2)
2+2-2=0
(2,2, -1)-(1, 1, 4)
2(1) + 2(1) + (=14

2+2-4=0
i k
5,2,3) X(=2,5,00=| 5 2 3
-2 5 0
:‘2 3‘T_‘53T+‘52‘T{
5 0 2 0 -2 5

=151 — 6] + 29k or (—15, —6, 29), yes
(~15, —6, 29) - (5, 2, 3)
(—15)(5) + (—6)(2) + 29(3)
—75-12+87=0
(—15, —6, 29) - (—2, 5, 0)
(=15)(=2) + (=6)(5) + 29(0)
30-30+0=0

ik
(3,2,0)x(1,4,00=[3 2 0
1 40

_[2 o5 3 o5 LB o2x

4 0 10 1 4

=0i —0j + 10k or (0, 0, 10), yes
(0, 0, 10) - (3, 2, 0)
0(3) + 0(2) + 10(0)
0+0+0=0
(0, 0, 10) - (1, 4, 0)
0(1) + 0(4) + 10(0)

0+0+0=0
i Ok
1,-3,2)x(,1,-2)=[1 -3 2
5 1 -2
[l e
1 -2 5 =2 5 1

= 41 + 12j + 16k or (4, 12, 16), yes
(4,12, 16) - (1, —3, 2)
4(1) + 12(=3) + 16(2)
4-36+32=0
(4,12, 16) - (5, 1, —2)
4(5) + 12(1) + 16(—2)
20+ 12-32=0

— -

i j k
(=3,-1,2) X4,-4,00=|-3 -1 2
4 -4 0
|71 2/37 _ |3 23‘_,’_—3 -1
-4 0 4 0 4 —4

=8 + 8 + 16k or (8, 8, 16), yes
(8,8,16) - (=3, —1, 2)
8(—3) + 8(—1) + 16(2)
—24-8+4+32=0
(8,8, 16) - (4, —4, 0)
8(4) + 8(—4) + 16(0)
32-32+0=0



26.

27.

28.

29.

[N

i 0k
(4,0, =2) X (~=7,1,00=| 4 0 -2
-7 1 0
_|0 =2y 4 2y 4 oy
1 0 =7 0 -7 1

=921 + 14] + 4Kk or (2, 14, 4), yes
2,14, 4) - (4,0, —2)
2(4) + 14(0) + 4(—2)
8+0—-8=0
(2,14, 4)-(=17,1, 0)
2(—=7) + 14(1) + 4(0)
—-14+14+0=0
Sample answer:
LetV = (v, vy, vg) and =V = (—vy, —vy, —Vg)

_

O
VX(V)=| v, vy v
Uy TUy TUg
=| V2 U7 | Y1 U3F4| Y1 V2%
TUgy TUg U TUg U1 Ty
=0i —0j +0k =0
i j k
axb+e)= a, ay ag
by +c¢) (bg+cy) (bg+cy)
= az — ay a4 13
(by + ¢y (by + cy)
‘%@ 1
+ c3 - a3
a1 (b2 +cy) —ay (b + 01)]

(aghg + ayes) —
(a,b5 + a;cq) —

(a3b2 + 0302)11 -
(agb, + asey)] j_‘+

= [&,
la;
[
=
[
[
=
[

(a1by + aycy) — (agh; + ayelk
(agbg = agby) + (apc3 — agey)li —
(a1bg — agby) + (a,c3 — age)]j +
[(a1b2 a2b1_)\ + (a.cq — azclak

= (agb3 — agby)i + (agcg — azcy)i —
(aybs — a3b1)_L— (a1c5—ascy)j i
(a,by — aZbl)li + (a,cq — aZCQk

= [(ayb4 ‘13 Z)i (a;b3—ag 1)j_Jf
(a1by — ayd )k]+ [((1203 a302)i -
(aycq — agcl)J + (aycq — azcl)k]

a, asl% _la; a a; ao| |
g i | o
a, Qo7 _|a; a.|w | |la; aol |3
g 5 A g i o
G A7 — |9 BT + |9 ‘ZZT{}

L]¢2 €3 ‘1 G ‘1 G

=(@a xb) +(a X ©)
Sample answer:

Let T(0, —2, 2), U(1, 2, —3), and V(4, 0, —1)

=(1, 4, —5)
=43,-2,2)
R ™3
TU X UV = 4 -5
3 -2 2
—| 4 57 _|1 75?+1 4
-2 2 3 2 3 -2
= —91 — 17] — 14k or(—2, —17, —14)

30. Sample answer:
Let T(—=2, 1, 0), U(-3, 0, 0), and V(5, 2, 0).

TU =(-1,-1,0)
TV =(8,2,0)
T I T T 3
TU xUV =|-1 -1 0
8 2 0
_‘—1 07_‘—1 0‘—‘ ‘—1 1‘@
2 0 8 0 8 2

=0i +0j + 6k or{0, 0, 6)
31. Sample answer:

Let T(0, 0, 1), U(1, 0, 1), and V(- 1, —1, —1).
TU = (1,0, 0)
UV =(-2, -1, -2)
L i 7 k
TUXUV=|1 0 0

—2 -1 -2

:‘0 O‘T_ 1 O‘TJF‘ 1 o‘f
-1 -2 —2 -2 —2 -1

=0i +2j —k or(0,2, —1)
32. The expression is false. m X1 andm X m have
the same magnitude but are opposite in direction.

33a.

forearm

33b. T = AB X F
= (0.04 cos (—30°), 0, 0.04 sin (—30%)

__ =(0.02(V3), 0, —0.02)

F = (0, 0, 600)

R i Ok

AB xF =1{0.02V3 0 —0.02
0 0 600

—0?—12\/‘?+0K
T = 0AB X F 0= 12V/3 or about 21 N-m

ij k
34X Xy =2 3 0
-1 1 4
— 13 O3 _| 2 OT+ 2 3%
1 4 -1 4 -1 1
=191 - § + 5k
1 N
A=§|]§><y|]
1
=5V122 + (=8)% + (5)2
233

35a. 0 = (120, 310, 60)
T =(29, 18, 21)
35b. 0 - ¢ = 120(29) + 310(18) + 60(21)
= $10,320
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36a. 40. OBA (2 =[R2 + b (% — 20& (D Ucos §
(V(ay = 52 + (ag — by)?)?
(Ve TP + (VEE TP
- 2(\/a12 + a22)<\/b12 + b22) cos 0
F (a3 — b))% + (ay — by)?

_ 2 2 2 2 _ 2 2
=a;2 + a? + b2 + by — 2(Va,? + a?)

45°
(\/ b + b22) cos 0 a2 — 2a,b; + b2
36b. W= [0F (1'd Ccos 0 + ay? — 2ayb, + by?
W =120 -4 - cos 45° =a;? + a2 + b2+ by?
W= 339 ft-Ib —2(Va2+a,?) (Vb2 + by?)cos § —
37a. X = (2-1,5-0,0-3)or(l,5, —3) 2a,b, — 2a,b,
Y =(3 — 2L1 7_5‘, 4_5 0)or (1, —4, 4) — —2(\/a12 T a22)(\/b12 T b22) cos 0
i\ X? _ i ik albl + a2b2
B i _i 7431 = \/a12 + a22 \/bl2 + b22 cos 6
5 -3~ _|1 -3|= . [1 5|p @101 + 95,
S LR T e O B
—4 4 1 4 1 -4 cost a
~ 8 -7 - 9K or(8, -7, -9) _ . =[@MbDOcosé
37b. The cross product of two vectors is always a 41.AB =(56-3,3-3,2 - (1) or(2,0,3)
vector perpendicular to the two vectors and the 42. D(8, 3)
plane in which they lie. E_(Q, —-2)
38a. v=Tp - (@ XT) DE =(0 —8,—2— 3)or(—8, —5)
ij k ODE O= V(-8)2 + (-5)2
qXr=| 2 1 —4 =V89
-3 1 -5 43. 4x+y—6=0
:‘1 —4T_‘ 2 —4‘T+‘ 2 1‘T{ VA2 + B2 =V42 + 120r V17
L =5 =8 =5 -3 1 WT VT VAT
= -1 — 29§ + 5k or (-1, —22, 5) 17 wY T
— N 6V17 .
p (@ XT)=(0,0,-1) (-1, -22,5) p="77 = 1.46 units
=0(—1) + 0(—22) + (=1)(5) . NMIT a7
= —5 or 5 units? S ¢ =g cos ¢ =7
1
00 —1 tan ¢ =
38b. 2 1 -4 ¢ = 14°
-3 1 -5 44. A =36° b =13, andc = 6
:‘1 _4‘0, 2 _4‘0 ‘ 2 1’(,1) a?=0b2+c?—2bccos A
=5 -3 -5 3 1 a? =132 + 62 — 2(13)(6) cos 36°
= —b5 or 5 units? a %08.9 .
They are the same. % =~ %
39. Need (bv + W) -u = 0. B~ sin-1 (%)
[R(1,2) +(=1,2)] -¢5,12) = 0 B~ 59.41° 59025,
[k, 2k) +(=1,2)] - (5,12) = 0 o o /
k—1,% +2)-(512) = 0 C = 180° — 36° — 59°25
kR—-—15+2k+2)12=0 C = 84.59° or 84°35’
5k — 5+ 24k +24 =10 45. tan73°:% cos73°:%
29k + IZ 0 4tan 73° = h 0=
29 13.1=h;13.1m ¢=13.7m
46. 3 + V3x —4=10
V3x—4=17
3x —4=49
x=17.67
47,81 =34
64 = 26 = (22)3 or (25)2
4=22
2 =21
9 =32

So 64 = 43 = 82
The correct choice is B.
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Page 511
1.

Mid-Chapter Quiz

F, = 2.3 cos 46°
=1.6cm

Fy = 2.3 sin 46°
=1.7cm

F, =27 cos 245° Fy = 27 sin 245°
=11.4 mm = 24.5 mm
3. Cg= (=4 — (—9), -3 — 2) or (5, —5)
OCD 0= V52 + (—5)2
__ =50or 5V2
4.CD =(6-3,7-172— (-1)or(2,0,3)
OCDO= V22 + 02 + 32
=V13
t —9s
(—6,2) — 2(4, —3)
= (-6, 2) — (8, —6)
=(—6—8,2+ 6)or(—14, 8)
6.T =3u +Vv
=3(1,—-3,-8)+ (3,9, —1)
=(3,-9,—-24)+ (3,9, —1)
=3+3,-9+9,—24 + (-1)) or (6, 0, —25)
7.(3,6) - (—4,2) =3(—4) + 6(2)

=—-12 + 12
= 0; yes
8.(3, —2,4) (1, —4,0) = 3(1) + (—2)(—4) + 4(0)
=3+8
= 11; no
9.(1,3,2)x(2, -1,-D=|a j %k
1 2
2 -1 -1

:‘ 3 2F_‘1 2F+‘1 3‘?
-1 -1 2 -1 2 -1
=3+ 5? - Tk or{(—1,5, —7), yes
(=1,5, =7y - (1, 3, 2)
(=D + 53) + (=7(2)
—-1+15-14=0
(=1,5, =7y - (2, -1, —1)
(=D@) +5(-1) + (=7)(-1)
—2-5+7=0
10. Let X(2, 0, 4) and Y(7, 4, 6).
OXYO= V(7 - 2)2 + (4 — 0)2 + (6 — 4)2
= V45 or about 6.7 m
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Graphing Calculator Exploration:

8-48 Finding Cross Products

Page 512
1. (—49, 32 —55)
3. (0, 0, 0)
5. (0,0, —7)
7.0 XX = (6,6, —12)
a XvO=Ve62+ 62+ (—12)2
=V216
8.u XV =(1, —13, —20)
M XvO=V12 + (-13)2 + (-20)2
= V570
9. Sample answer: Insert the following lines after
the last line of the given program.

:Disp “LENGTH IS”
:Disp V ((BZ — CY)2 + (CX — AZ)2 + (AY — BX)?)

2. (168, —96, 76)
4. (11, 15, —3)
6. (0, 40, 0)

8-5 | Applications with Vectors

Pages 516-517 Check for Understanding

1. Sample answer: Pushing an object up the slope
requires less force because the component of the
weight of the object in the direction of motion is
mg sin 6. This is less than the weight mg of the
object, which is the force that must be exerted to
lift the object straight up.

2. The tension increases.

3. Sample answer: Forces are in equilibrium if the
resultant force is O .

4. Current
17°

23 knots
5. F, = 3001
F, = (170 cos 55°) 1 + (170 sin 55°)j
[F, + Fy0= V(300 + 170 cos 55°)2 + (170 sin 55°)2

~ 421.19N

170 sin 55°
tan 6 = 300 + 170 cos 55°

1 170 sin 55°
6 = tan 300 + 170 cos 55°

6. F, = 501
F, = 100
[F, + F,0= V502 + 100
~ 111.8 N
tan 0 = % or 2
6=tan"12
=~ 63.43°
7. horizontal = 18 cos 40°
=~ 13.79 N
vertical = 18 sin 40°
~ 11.57TN
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8. F, = (33 cos 90°)i + (33 sin 90°)] or 33j
F, = (44 cos 60°1 + (44 sin 60°)j
or 221 + 22V37
[F, + F,0="V222 + (33 + 22V/3)

=~ 74N
_ 33+22V3 3+2\/§
tan § = 22
9 = tan <3+2\/_)

~ 73°

A force with magnitude 74 N and direction 73° +

180° or 253° will produce equilibrium.
9a.

4 mph

1
ph

9b. If 6 is the angle between the resultant path of
the ferry and the line between the 1andings

then sin § =
19.5°.

4 1 .
1 — wn—11
13 Or 3. 5060 = sin™ " 3, or about

Pages 517-519 Exercises
10. 11. Wind
27°
256 mph
12.
94°
454 Ib
13. F, = 4251
F, = 390j
OF, + F,0= V4252 + 3902
~ 576.82 N
390 78
tan § = 55 or o
_1 .78
6 =tan"! oo
~ 42.5°
14. ¥, = 651

= (50 cos 300°)1 + (50 sin 300°)J or 251 —25V3 J

D\‘r‘l +V,0= V902 + (—25V3)2
=~ 99.87 mph
. 25V3 5V3
tan§ = — 90 Of — 18

§ =tan~! (—517\?)

A positive value for 6 is about 334.3°.

Chapter 8
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= (115 cos 60°)1 + (115 sin 60°)J
or 57.51 + 57.5V37
= (115 cos 120°)1 + (115 sin 120°)J
or —57.51 + 57.5V37
[V, + V= V02 + (115V/3)2
=115V3
~ 199.19 km/h
Since tan 0 is undefined and the vertical
component is positive, § = 90°.

15. Vl

16. The force must be at least as great as the
component of the weight of the object in the
direction of the ramp. This is 100 sin 10°, or about
17.36 1b.

17. F = 1051
(110 cos 5O°)1 + (110 sin 50°)]
DF1 + FfI= V(105 + 110 cos 502 + (110 sin 50°)2

~ 194.87N

110 sin 50°
tan 6 = 705 + 110 cos 50°
. 110 sin 50°
0 = tan ( 105 + 110 cos 50° )

~ 25.62°
18. F=wsin6
52.1 = 75sin 6
52.1 .
5 = sin 6
sin~! (%) =0
44° = §

19. F, = (250 cos 25%1 + (250 sin 25°)]
F = (45 cos 250°)1 + (45 sin 250°)J
OF, + Fyfl=

\/(250 cos 25° + 45 cos 250°)?2 + (250 sin 25° + 45 sin 250°)2

=~ 220.51b
250 sin 25° + 45 sin 250°
tan 6 = 250 cos 25° + 45 cos 250°

_ | ( 250sin 25° + 45 sin 250°
0 = tan ( 250 cos 25° + 45 cos 250° >

~ 16.7°
20. F, = (70 cos 3301 + (70 sin 330%j or 35V31 — 35

= (40 cos 45°)T + (40 sin 45°)? or 20271 + 20\/§T
Fy = (60 cos 13591 + (60 sin 135°)j or —30 V2 + 30V2]

—-35 + 50V2
tan 0 = 355~ 10v2
_ _q( =3+ 50V2
0 = tan <35\/§710\/§>
=95
[0F, + Fy + Fy0="V(35V3 — 10V2)2 + (~35 + 50V/2)2
~58.61b

21. F, = (23 cos 60°)i + (23 sin 60%)]
or 1151 + 11.5V3j
= (23 cos 120%1 + (23 sin 120°)j
or —11.51 + 11.5V3j

OF, + Fy= \/02+(23 V/3)2
= 23V3
~39.8N

Since tan 0 is undefined and the vertical
component is positive , § = 90°. A force with
magnitude 39.8 N and direction 90° + 180° or
270° will produce equilibrium.



22. a = g sin 40°
= 32 sin 40°
~ 20.6 ft/s2

23. F, = (36 cos 20°)i + (36 sin 20
F, = (48 cos 222°7 + (48 sin 2229]
[F, + Fyl=

\/(36 cos 20° + 48 cos 222°)2 + (36 sin 20° + 48 sin 222°)2

~ 199N
36 sin 20° + 48 sin 222°
tan 0 = 36 cos 20° + 48 cos 222°
36 sin 20° + 48 sin 222°
6 =tan~! ( 36 cos 20° + 48 cos 222°)

=~ 264.7° or 5.3° west of south
24a. 135 1b

165°
70 Ib

75°
120°

F, = (135 cos 165°)i + (135 sin 165°)j
[F, + F, + Fy=

\/(70 + 185 cos 165° + 115 cos 240°)2 + (135 sin 165° + 115 sin 240°)2

~ 134.51b
135 sin 165° + 115 sin 240°
tan 0 = 70 + 135 cos 165° + 115 cos 240°

0 ¢ -1 ( 135 sin 165° + 115 sin 240° >
= tan

70 + 135 cos 165° + 115 cos 240°
=~ 208.7° or 28.7° south of west
Since F; + F, + F3 # 0, the vectors are not in

equilibrium.
25. W=F-d

= [(1600 cos 50°)i + (1600 sin 50°)j | - 15001
= (1600 cos 50°)(1500) + (1600 sin 50°)(0)
~ 1,542,690 N-m
26a. Sample answer: The horizontal forward force is
F cos 0. You can increase the horizontal forward
force by decreasing the angle 6 between the
handle and the lawn.

26b. Sample answer: Pushing the lawnmower at a

lower angle may cause back pain.

3 1
27a. tanf = gorg

_ 11
6 =tan™" ¢

=~ 9.5° south of east

27b. s = V182 + 32

~ 18.2 mph
28. F cos § = 100 cos 25°
=~ 90.63 N

29. F, cos 174.5° + F, cos 6.2° = 0
F, sin 174.5° + F, sin 6.2° — 1565 =0

. . . cos 174.5°
The first equation gives Fy, = —— -5 F|.

Substitute into the second equation.

Fsin174.5° — < Sm6E B 455 —

cos 6.2°

F, (sin 174.5° — cos 174.5° tan 6.2°) = 155

259

30.

31.

32.

33.

34.

35.

36.

37.

155

F1 = sin 174.5° — cos 174.5° tan 6.2°
=~ 760 1b
cos 174.5°
FZ T c0s6.2° Fl
~ 7611b

Sample answer: Method b is better. Let F be the
force exerted by the tractor, 7' be the tension in
the two halves of the rope, and 6 be the angle
between the original line of the rope and half of
the rope after it is pulled. At equilibrium,
2Tsinf — F=0,0r T =555 So,if 0° < § < 30°,
the force applied to the stump using method b is
greater than the force exerted by the tractor.

Let T be the tension in each towline and suppose
the axis of the ship is the vertical direction.

2T sin 70° — 6000 = 0
6000
T=5gn0e

=~ 3192.5 tons
Let T be the tension in each wire. The halves of
the wire make angles of 30° and 150° with the
horizontal.
T sin 30° + T'sin 150° — 25 = 0
1 1
5T +3T—-25=0
T =251b
9(—3) + 5(2) + 3(5)
= -2
The vectors are not perpendicular sincew v # 0.

u-v

AB =(0— 12, —11 — (=5), 21 — 18)
=(-12, -6, 3)
205%
=", sin 0 cos 0
. 2
=2z 31;0 sin 65° cos 65°
~ 239.4 ft

Sample answer: A plot of the data suggests a
quadratic function. Performing a quadratic
regression and rounding the coefficients gives
y = 1.4x% — 2x + 3.9.

=
b=0.3 by (0.33, 0.33)
p=02 054 (0.2, 0.46)
b+ p= 0.66 i ,
b=p 041
(0 (0.2,03) \ \
ool 4.; 0.3)
011
v .
O 01 OR 03 04

The vertices are at (0.2, 0.3), (0.3, 0.3), (0.33, 0.33)

and (0.2, 0.46).

cost function C(p, b) = 90p + 1406 + 32(1 — p — b)
=32 + 58p + 108b

C(0.2,0.3) = 32 + 58(0.2) + 108(0.3) or 76

C(0.3, 0.3) = 32 + 58(0.3) + 108(0.3) or 81.8

C(0.33, 0.33) = 32 + 58(0.33) + 108(0.33) or 86.78

C(0.2, 0.46) = 32 + 58(0.2) + 108(0.46) or 93.28

The minimum cost is $76, using 30% beef and

20% pork.
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88. ¥4 — *(=3) = (43 — 4) — [(-3)° ~ (~3)]
=60 — (—24)
= 84
The correct choice is A.

8-6 | Vectors and Parametric Equations

Pages 523-524 Check for Understanding

1. Whent=0,x=3andy = —1. Whent=1,x=7
and y = 1. The graph is a line through (3, —1) and
(7, 1).

2. Sample answer: For every single unit increment of
t, x increases 1 unit and y increases 2 units. Then,
the parametric equations of the line are x = 3 + ¢,
y =6+ 2t

3. Whent =0,x = 1andy = 0, so the line passes
through (1, 0). Whent¢ = -1, x =0andy = 1, so
the line passes through (0, 1), its y-intercept. The

slope of the line is H or —1.

4. (x — (—4),y — 11) = -3, 8)
(x+4,y—11) = (-3, 8)

x+4=-3t y—11 =8t
x=—3t—4 y=8t+11
5. (x—1,y—5)=t-17,2)
x—1=-Tt y—5=2t
x=1—-"Tt y=5+2t
6. 3x + 2y =5 7. 4x — 6y = —12
2y = —-3x+5 —6y = —4x — 12
3 5 2
Y=oty y=3x+2
=1 x=1
y=—ot++ y=2t+2
8 x=—4t + 3 9. x =9t
X
1x—§:—4t 9 =1
Xt =t y=4t+ 2
y="5t—3 y=4(§)+2
3 4
y= ( Zx—%;) 3 y=gx+ 2
5 3
y=—1x+z
10. ¢ x y
-1 -2 -2
2 -1
1 6 0
10 1
y
11a. receiver:
x—5=0¢t y—50—:r10f - ¥
x=25 FT=To9 O =
defensive player: -
x— 10 = —0.9¢ y — bde=T—110.7P¢
x=10—- 0.9t y =154 4 t

Chapter 8

11b. 50 — 10t =0
50 = 10¢
5=t
When ¢ = 5, the coordinates of the defensive
player are (10 — 0.9(5), 54 — 10.72(5)) or (5.5,
0.4), so the defensive player has not yet caught
the receiver.

524-525 Exercises
12. (x — 5,y — T) = K2, 0)
x—5=2t y—17=0t
x=5+2t y=1

13. (x — (—1),y — 4) = {6, —10)
(x+ 1,y — 4) = 6, —10)
x+1=6t y—4=-10¢
x=—1+ 6t y=4—10¢
14. (x — (—6),y — 10) = K3, 2)
(x + 6,y — 10) = K3, 2)

x+6=3t y— 10 =2t
x=—6+ 3t y =10+ 2¢
15. (x — 1,y — 5) = -1, 2)
x—1= -7t y—5=2¢
x=1-"1Tt y=5+2t

16. (x — 1,y — 0) = -2, —4)
(=1, =K-2, —4)
x—1=—-2¢
x=1-—2t
17. (x — 3,y — (=5)) = -2, 5)
(x =3,y +5)=1K-2,5)

y = —4t

x—3=—2t y+5=5t
x=3— 2t y=—-5+5bt
18. x =1t
y=4t—5
19. -3x+4y =7 20. 2x —y=3
4y =3x + 7 —y=—-2x+3
y=%x+% y=2x—3
_ x=1
R y=2t-3
Y=ttty
21.9x +y= -1 22, 2x + 3y = 11
y=-9x -1 3y = —2x + 11
x =1 _ 2 11
y=—3x+3
y=-9-1 x=1t
2 11
y=—§t+*§
23, “dx +y=—2 24, 3x — 6y = —8
y=4x— 2 —6y=—3x—8
X = y=%x+%
y =4t — 2

The slope is %

y—5=50x+2

y=éx+6
x=1

1
y=3t+6



25.

27.

29.

30.

x =2t 26. x=—T+5t
x _ 1
2 = x+T=5t
y=1-1 2x+ 14 =1t
y=1-3 y=3t
y=32x + 14)

=—pxt1 y = 6x + 42

x=4t— 11 28. x=4t— 8
x+ 11 = 4t 1x+8=4t
1 11 1 _
Xty = xt 2=t
y=t+3 y=3+t¢
1. .1 —3+3x+2
y=grt g 3 y 4%

1

x=3+ 2t
x—3=2t
1 3
X — 5 =t
y=—-1+5t

1 3

y:—1+5<§x—5)

5 17
Y=TX¥ T g
Regardless of the value of ¢, x is always 8, so the

parametric equations represent the vertical line
with equation x = 8.

3la. (x — 11,y — (—4)) = &3, 7)

3lc.

32.

(x—11,y +4) =3, 7)

31b. x — 11 = 3¢ y+4="Tt
x=3t+ 11 y=Tt—-4
x=3t+ 11
x— 11 = 3t
1 11
3X— 3 = t
y=Tt—4
1 11
y = (gx - —3—> 4
7 89

Y=y

T AT YT
FTTOE| 0000 | =E.00n
S0 | A | a0
o000 | A8 | -
Yooy | g0 | - .00
Eggy | g5 | 9.0
B 000 | Foggg | -1g.00
149,000 | Foggg | -1B8.00

T=1
—\_\_\_\_\_\-
-‘—\_\_\_\_\_\-

[—5, 5] Tstep: 1
[—10, 10] Xscl: 1
[—10, 10] Yscl:1

261

33. T AT Vi1
10000 | gooon | EROTTTE
.o | L1y | o000
20000 | 14000 | Y0000
oo | 170000 | Sa000
0o | a0 | 50000
B0 | 23000 | 2.000m
14,000 | 47000 | 15 000

W7 =2

[—10, 10] Tstep:1
[—20, 20] Xscl:2
[—20, 20] Yscl:2

34.

T T Vi
FTTTE| 2 0000 | o000
S0 | 20000 | -1.00n
20000 | 40000 | =2.000
oo | E0and | -Z.000
0o | g.00ng | -Y.000
B.0000 | Foa00g | -E Onn
14000 | 15000 | =100

T=1

/

[—10, 10] Tstep: 1

[—10, 10] Xscl:1

[—10, 10] Yscl:1
35a. x=2+3tandy =4+ Tt
If £ = 0, then x = 2 and y = 4, so the part of the
line to the right of point (2, 4) is obtained.

x <0
2+3t<0

3t < -2

2
t<—3

35b.

36.x +y=cos®t + sin?¢
=1
0=cos2t=1and0 =< sin? ¢ = 1, so the graph is
the segment of the line with equationx +y = 1
from (1, 0) to (0, 1).
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37a. target drone:

x=3+ (=1t y=4+ 0t
x=3—1 y=4
missile:
x=2+1 y=2+2t
37b. 3—t=2+1

1=2¢

1

9 =1

When ¢ = %, the missile has a y-coordinate of 3,
not 4, so it does not intercept the drone.

38a. Ceres:x=—-1+t,y=4—t,z=—1+ 2t
Pallas:x = -7+ 2t,y = -6+ 2t,z=—-1+1¢

38b. Adding the equations for x and y for Ceres gives
x + y = 3. Subtracting the equations for x and y
for Pallas results in x — y = —1. The solution of
this system is x = 1 and y = 2. Eliminating ¢
from the equations for y and z results in the
system 2y + z = 7,y — 2z = —4 which has
solution y = 2 and z = 3. Hence, the paths cross
at (1, 2, 3).

38c. —-1+t=1=t=2
T+ 2t=1=t=4
Ceres is at (1, 2, 3) when ¢t = 2 but Pallas is at
(1, 2, 3) when t = 4. The asteroids will not
collide.

1

39. The line is parallel to the vector <O - <f§>, 5—1,
-8 — 1> or <%, 4, —9>. The vector equation of the
line is <x — (—é), y=12z— 1> = t<§, 4, —9> or
<x+%,y— 1,z — 1> = t<§, 4, —9>.

1 1
X+ 5 =73t y—1=4t
X=—3+73 y=1+4t
z—1= -9t
z=1-9t

—

40. | = (150 cos 330°1 + (150 sin 330°)j
V4 = (50 cos 2451 + (50 sin 245°)]
Ov, + v,0=

\/(150 cos 330° + 50 cos 245°)2 + (150 sin 330° + 50 sin 245°)2

=~ 162.2 km/h
150 sin 330° + 50 sin 245°
tan 0 = 750 cos 330° + 50 cos 245°

1 150 sin 330° + 50 sin 245°
6 = tan 150 cos 330° + 50 cos 245°

—47°53'4" or 47°53'4” south of east
41.(1,3)- (3, —2) = 1(3) + 3(—-2)
=-3
Since the inner product is not 0, the vectors are
not perpendicular.
42, Since A < 90°, a < b, and a < b sin A, no solution
exists.

U

43. A graphing calculator indicates that there is one
real zero and that it is close to 1. f(1) = 0, so the
zero 1s exactly 1.

3
44, x=3y—2
3
x+2=3y
2 4
§x+§:y
2 4
y=§x+§

Chapter 8

45. The slope is 1.
y—1=1[x = (=3)]
y—1=x+3
x—y+4=0
46. The linear velocity of the belt around the larger
pulley is (120 rpm)(2w . %in./rev) = 1080w

in./min. The linear velocity around the smaller
pulley must be the same, so its angular velocity is

(1080w in./min)( ) = 180 rpm. The correct

1 rev
27 - 3 in.

choice is D.

g-6B | Graphing Calculator Exploration:
Modeling with Parametric
Equations

Page 526
1. 408.7¢ = 418.3(t — 0.0083)
408.7t = 418.3t — 3.47189

—9.6t = —3.47189
347189
= 96

~ (0.362 hr or 21.7 min

. Zosv(%)

~147.8 mi
3. The time for plane 1 to fly 500 miles is %. The

time for plane 2 is % + 0.0083. Suppose the

speed of plane 1 is increased by a mph.
500 500

1087 +a — a183 1+ 0.0083
4087 +a 1
500 500
2183 T 0.0083
_ 5800 4087
a= 500 - .
1183 0.0083
=~ 6.7 mph

8-7 Modeling Motion Using
Parametric Equations

Page 531 Check for Understanding
1. Sample answer: a rocket launched at 90° to the
horizontal; tip-off in basketball
2. Equal magnitude with opposite direction.

3. The greater the angle of the head of the golf club,
the greater the angle of initial velocity of the ball.

4. v,0=[vOsin 6 5. O0v, 0= v Ocos 0

Yo 50 sin 40° = 20 cos 50°

~ 32.14 ft/s ~ 12.86 m/s
6. v, 0= v Ocos 0 DV;,I:I=DVDsin0
= 45 cos 32° = 45 sin 32°

~ 38.16 ft/s ~ 23.85 ft/s
7. v,0= v Ocos 6 DV‘yIZI=D\7‘Dsin0
= 7.5 cos 20° = 7.5 sin 20°

~ 7.05 m/s =~ 2.57 m/s



8a. 300 mph (200 )(5ob—) = 440 s

mile
x =tV Ocos 6
x = t(440) cos 0°
x = 440t

y =tV Osin§ — %gt2 +h
y = 1(440) sin 0° — 3(32)2 + 3500
y = —16t2 + 3500

8b. Sample graph:
a000}Y
Iy
Height 3000 L
(feet) 2000 N
1000 AN
N X
2000 4000 6000

Horizontal Distance
(feet)

8c. —16t2 + 3500 =0

—16¢2 = —3500
9 _ —3500
-16
3500
t=\"16
t~=14.8s
8d. x = 440t
= 440(14.8)
= 6512 ft
Pages 531-533 Exercises
9. DVxD=D?Dcos0 DVyD=II;[Isin0
= 65 cos 60° = 65 sin 60°
= 32.5 ft/s = 56.29 ft/s
10. (v, 0= v Ocos 6 WyD:WDsinﬁ
= 47 cos 10.7° = 47 sin 10.7°
~ 46.18 m/s ~ 8.73 m/s
11. v, 0= v Ocos 0 D\_fylj=l:|\_;[|sin0
= 1200 cos 42° = 1200 sin 42°
~ 891.77 ft/s ~ 802.96 ft/s
12. [V, 0= W Ocos 6 D?ylj=l:l\_;[lsin0
= 17 cos 28° = 17 sin 28°
~ 15.01 ft/s ~ 7.98 ft/s
13. [v,0= W Ocos 0 DVyD=D\7Dsin0
= 69 cos 37° = 69 sin 37°
~ 55.11 yd/s ~ 41.53 yd/s
14. [v,0= [ Ocos 6 DVyD:DV[IsinB
= 46 cos 19° = 46 sin 19°
=~ 43.49 km/h ~ 14.98 km/h

15a. x = tfv Ocos 6
x = 175t cos 35°

y=tv0Osin§ — %gt2
y = 175t sin 35° — 16¢2

15b. y=0
175t sin 35° — 16t2 =0
£(175 sin 35° — 16¢) = 0
175 sin 35° — 16t =0
175 sin 35° = 16¢
175 sin 35°
6
x = 175t cos 35°
= 175 (125250 cos 350

~ 899.32 ft or 299.77 yd
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16. To find the time the projectile stays in the air, set
y = 0 and solve for ¢.

ttv Osin  — égt2 =0
(¥ Dsin 0 — 5g0) = 0
[ Osin § — %gt =0

(W Osin 6 = %gt
2 Osin §
g
The greater the angle, the greater the time the
projectile stays in the air. To find the horizontal
distance covered, substitute the expression for ¢ in
the equation for x.

x = t[v Ocos 6
20 O'sin §

= 7gsm ¥ Ocos 6

_ % 2 sin 20

n g
As the angle increases from 0° to 45°, the
horizontal distance increases. As the angle
increases from 45° to 90°, the horizontal distance

decreases.
17a. y = 300 whent =7
70 Osin 78° — 5(32)72 = 300
70v Osin 78° — 784 = 300

=1

70F Osin 78° = 1084
1084
V0= 7gn s

Ov O~ 158.32 ft/s

17b. x = +4(¥ Ocos 6 + 50 yd

= +(7)(158.32) cos 78° + 50

=~ 127 yd
18. x = t[v Ocos 0
x
[W Ocos 0 =1 )
y = t0v Osin 6 — ;gt?
_ x WD : Gfl (#)2
Y= ™ Ocos 6 s 28 v Ocos 6
=xtanf — ————
Y 2% [2 cos? §

The presence of the x2-term (due to the force of
gravity) means that y is a quadratic function of x.
Therefore, the path of a projectile is a parabolic
arc.

19. To find the time the projectile stays in the air if

the initial velocity is v, set y = 0 and solve for .
(% Osin 0 — 5812 = 0
t (WDsinB - %gt) =0
[ Osin § — égt =0

[WOsin § = égt
20v0Osing
g=t
To find the range, substitute this expression for ¢
in the equation for x.

tV Ocos 6

2% Osin 0
=%D\7\Dcos9
_ W [# sin 260

8

x =
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If the magnitude of the initial velocity is doubled
(20F )2 sin 20 or

to 2 [J, the range becomes <

W [* sin 20 .. . .
4 === The projectile will travel four times as
far.
20a. 800 knmv/h (P2 )(gemss) = 222.2 mis
x = t[v Ocos

x = —222.2 t cos 45°

y=tvOsind — éth

y = —222.2¢ sin 45° — (9.8)¢2

y = —222.2¢ sin 45° — 4.9¢2

The negative coefficient in the ¢-term in the
equation for y indicates that the aircraft is
descending. The negative coefficient in the
equation for x is arbitrary.

20b. y = —222.2t sin 45° — 4.9¢2
—222.2(2.5) sin 45° — 4.9 (2.5)2

~ —423.4
The aircraft has descended about 423.4 m.
20c. 2 < 169 m/s
or
169 m/s (Tom—)(29222) = 608.4 km/h
21a. 70 mph (2250 )(5eh—) = 2 fus
y=0

{(%%) sin 35° — 1662 + 10 = 0

_ 2
208 Gin 35° — \/(%8 sin 35°) — 4(~16)10

t =

3.84 s
x = t[v Ocos
~ 323.2 ft
21b. y=28
1% sin 35° — 1612 + 10 = 8
~16¢2 + (%) sin 35° + 2= 0
7&;8 sin 35° — \/(% sin 35°)2 — 4(—16)2
t =
t=3.71ls
x = t[v Ocos
=~ 312.4 ft
21c. From the calculations in part b, the time is
aboutyy.71s.
22a. T

Chapter 8

22b.
S T
23a. y = 300 when ¢ = 4.8
4.80 O'sin 82° — (32)(4.8)2 = 300
4.8 Osin 82° — 368.64 = 668.64
668.64
V0= Tsemsr
(v 0= 140.7 ft/s
23b. x = 51 Ocos § + 100
~131.3 yd
24a. x = t[¥ Ocos 0 y =tV Osinf — 382 + h
x = 155¢ cos 22° y = 155t sin 22° — 16t% + 3
24b. x = 420
155t cos 22° = 420
420
t= 155 cos 22°
y = 155t sin 22° — 162 + 3
420 . o 420 2
=155 (155 cos 22") sin 22° — 16 (155 cos 22") +3
~ 36.04 ft
Since 36.04 > 15, the ball will clear the fence.
24c. y=0
155¢ sin 22° — 16¢2 + 3 =0
L= —155 sin 22° — V/(155 sin 22°)% — 4(—16)3
t =
3.68 s
x = t[v Ocos
~ 528.86 ft
25. x=11—1¢
x— 11 = —¢
—x+11 =t
y=8—6t
y=8—6(—x+ 11)
y =6x — 58
26a. mg sin 6 = 300(9.8) sin 22°
~ 1101.3 N
26b. mg cos 6 = 300(9.8) cos 22°
~ 27259 N
17.4
27. cos A =57y
A=cos! %
A = 37°
264



28. 2(2x — y + 2) = 2(2) 5a. BE =(0— 5,2 — 5,4 — O)or (=5, —3, 4)

x+ 3y —2z=-3.25 A(5,5 + (—3),0) = A(5, 2, 0)
5x + y =0.75 C(5 + (—5),5,0) = C(0, 5, 0)
—1@x— y+2) = -1 DG+ (=5), 5 + (=3),0) = D(, 2, 0)
—dx—By+z =25 F(5,5+ (—3),0 + 4) = F(5, 2, 4)
—6x — 4y =05 G(5,5,0+4) =G5, 5,4
4G + y) = 4(0.75) H(5 + (=5), 5,0 + 4) = H(0, 5, 4)
—6x — 4y = 0.5 .. |25 000550
TAx— 35 The matrixis|2 5 5 2 2 2 5 5
> 0000 4 4 4 4
X =77
£ = 0.95 5+ 4 5+ 4 0+4 0+4
' 5b. [2 4+ (-1) 5+ (-1) 5+ (-1) 2+ (-1)
ox +y=0.75 oy tz=2 0+2 0+2 0+2 0+2
5(0.25) +y = 0.75 2(0.25) + 0.5 + z = 2 044 544 544 044
y=-05 z=1 24 (-1) 2+(-1) 5+ (-1) 5+(—1)]
29. w- 52— 7-32=257— 9w 4+2 4+ 2 4+2 4+2
= 16m 9 9 4 4 4 9 9 4
The correct choice is B. =11 4 4 1 1 1 4 4
L 2 2 2 6 6 6 6]
Page 534 History of Mathematics 5c. [(1) ,(1) 8] F Z (5) g g 2 Z 2]
L T = i 0 0 1J[0 0004444
1 5 5 0 0 0 5 5 0
~ 50 =|-2 -5 -5 -2 -2 -2 -5 -5
o = H00stadia [ 0 0 0 0 4 4 4 4]
X
x = 50(5000) g 4z
x = 250,000 stadia H' 1
250,000(500) = 125,000,000 ft . £
125,000,000 + 5280 =~ 23,674 mi G N e
The actual circumference of Earth is about c DAT Yy
24,901.55 miles. J 4
2. See students’ work. No solution exists. By

3. See students’ work.
The image is the reflection over the xz-plane.

5d. The dimensions of the resulting figure are half

g.g | Jransformation Matrices in the original.
Three-Dimensional Space 6a. The scal.e fa.ctor of the dllatlop is 4. The
translation increases x-coordinates by 2. The
. matrices are
Pages 539-540 Check for Understanding 40 0
1. Matrix 7' multiplies x-coordinates by —2 and D=0 4 0oland
y- and z-coordinates by 2, so it produces a 0 0 4
reflection over the yz-plane and increases the 9 9 9 9 9 9 9 9
@?nsions two-fold. T=lo0 0 0000 0 ol
2.CC =(8-6,8—17,2—-3)or(2,1, —1) 0000 O0O0UO0 0

2 2 2 2 2 2
-1 -1 -1 -1 -1 -1

The matrix is [ 1 1 1 1 1 1.

-1 0 0
3. VU=| 0 1 0| = T, so the transformations
0 0 -1
are the same.

4a-c.

Transformation | Orientation | Site | Shape
Reflection yes no no
Translation no no no
Dilation no yes no
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6b. Sample answer: If the original prism has
vertices A(—3, 3, 0) B(—3, 3, 3), C(—3, —3, 3),
D(-3, -3, 0), E(5, 3, 0), F(5, 3, 3), G(5, —3, 3),
and H(5, —3, 0), then the image has vertices
A'(~10, 12, 0), B'(—10, 12, 12), C'(—10, —12, 12),
D'(-10, —12, 0), E'(22, 12, 0), F'(22, 12, 12),
G'(22, —12, 12), and H'(22, —12, 0).

z
C/ B’
pJcl ,
G, . " A
HZT{E
H’ El T
p ]
Pages 540-542  Exercises

7.FB =(3—-3,1—17,4—4)or(0, —6, 0)
A2, 3, + (—6),2) = A2, —3,2)
C4,7+(-6),-1)=C4,1, -1)

2 3 4 4 2 3
The matrixis| —3 1 1 7 3 7|
2 4 -1 -1 2 4

8 AH = (4 — (—=3),1 — (=2), =2 — 2) or (7, 3, —4)
B(-3,-2+3,2) = B(-3,1,2)
C(=3, -2+ 3,2 + (—4)) = (-3, 1, —2)
D(—3, —2,2 + (—4)) = D(—3, -2, —2)
E(-3+17, 2,2+ (—4) = E@4, -2, -2)
F(-3+17,-2,2) = F4, -2, 2)
G(-3+17,-2+3,2=0G41,2

-3 -3 -3 -3 4 4 4 4
The matrix is | —2 1 1 -2 -2 -2 1 1
2 2 -2 -2 =2 2 2 =2

9. CF =(6—4,0— (-1),0 — 2)or(2, 1, —2)
DE+2 -2+1,3+(-2) =D& —1, 1)
EQ1+20+1,4+(-2)=ES, 1,2

2 1 4 4 3 6
The matrix is [2 0 -1 -1 1 O]~
3 4 2 1 2 0
0+0 0+0 0+0 0+0
1&[o+(—m 3+(=2) 3+ (-2 0+ (-2
1+4  2+4  5+4  4+4
2+0 2+0 2+0 2+0
0+ (=2 0+ (=2 3+ (-2 3+(—%]
1+14 4+ 4 5+4 2+ 4
0 0 0 0 2 2 2 2
:[—2 11 -2 -2 -2 1 1]
5 6 9 8 5 8 9 6
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11.

12.

ey

The result is a translation of —2 units along the y-
axis and 4 units along the z-axis.

0+1 0+1 0+1 0+1
[o+(—m 3+(-2) 3+(-2) 0+ (-2
14+(=2) 2+4(-2) 5+(-2) 4+ (-2
241  2+1 241  2+1
0+(-2) 0+ (-2 3+ (-2 3+(—m]
14(=2) 4+(=2) 5+ (-2 2+ (-2
111 1 3
=[—21 1 -2 -2

-1 0 3 2 -1

The result is a translation of 1 unit along the x-
axis, —2 units along the y-axis, and —2 units
along the z-axis.
0+1 0+1 0+1 0+1
[ 0+5 3+5 3+5 0+5
1+(=3) 2+(=3) 5+ (-3 4+ (-3

2+1 2+1 2+1
1
5
-2

2+1
0+5 0+5 3+5 3+ 5]
1+(-3) 4+(=3) 5+(=3) 2+ (-3
1 11 3 3 3 3
8 8 5 5 5 8 8]
-2 1 2 -1

X / 4

The results is a translation of 1 unit along the x-
axis, 5 units along the y-axis, and —3 units along
the z-axis.

-1 2 1




The transformation does not change the figure.

1 0 o[(fo o 0 0 2 2 2 2
14. [0 -1 O] [O 3 3 00 0 3 3]
0 0O —-1f|1 2 5 4 1 4 5 2

0 2 2 2 2

0 0 0 -3 —3]

-4 -1 -4 -5 -2

The transformation results in reflections over the
xy — and xz-planes.
-1 0 0ffo0
15. [ 0 -1 0] lo
0 0 —-1][1

0
3
2
0
0
—4

0 0 0 -2 -2 -2 -2
=/ 0 -3 -3 0 0 -3 -3
-1 -2 -5 -1 -4 -5 -2

The transformation results in reflections over all

three coordinate planes.
16. The matrix results in a dilation of scale factor 2,

so the figure is twice the original size.

3 0 0 1 0 off3 0 O
0 3 0[=1]10 1 0|0 3 0} sothe
0 0 -3 0 0 —-1/|0 0 3

figure is three times the original size and reflected
over the xy-plane.

17.
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—0.75 0 0
18. 0 -0.75 0

-1 0 0
[ 0 -1 0]
0 0 -0.75 0 0 -1
[0.7 5 0 O]
0 0.75 0 [, so the figure is three-fourths
0 0 0.75
the original site and reflected over all three
coordinate planes.

2¢] [2 0 0
19a. [2y|=[0 2 0
52/ [0 0 5

2 0 0
be represented by the matrix [0 2 0.
[0 0 5]
19b. The transformation will magnify the x- and
y-dimensions two-fold, and the z-dimension

], so the transformation can

N e R

5-fold.
23.6 23.6 23.6 23.6 23.6
20a [ 72 72 72 72 72]
0 0 0 0 0
20 +23.6 136 + 23.6 247 + 23.6
20b. [58 +72 =71+ 72 74+ 72
27T+ 0 53 +0 59 +0
302 + 23.6 351 + 23.6
—-83+72 —-62+ 72]
37+ 0 52+ 0
43.6 159.6 270.6 325.6 374.6
= [ 14 1 -2 -1 10]
27 53 59 37 52

20c. The result is a translation 23.6 units along the
x-axis and 72 units along the y-axis.

-1 0 0

0 1 O0/[wouldreflect the prism

21. The matrix
0 0 1

0 0 0.5
would reduce its dimensions by half.

05 0 Of|-1 0 O -0.5 0 0
0 05 O 01 0|= 0 05 O
0 0 05 0 01 0 0 05

22a. Placing a non zero element in the first row and
third column will skew the cube so that the top
is no longer directly above the bottom.

1 0 1
Sample answer: |0 1 0

0.5 0 0
over the yz-plane. The matrix| 0 0.5 0

0 0 1
22b. Sample graphs:

z
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23. The first transformation reflects the figure over 29. 80x3 + 80x2 + 80x = 24.2
all three coordinate planes. The second 80x3 + 80x2 + 80x — 24.2 =0
transformation stretches the dimensions along the A graphing calculator indicates that there is a
Y- and. z-axes and skews it along the xy.-plane. solution between 0 and 1. By Descartes’ Rule of
(The first row of T changes the x-coordinate of Signs, it is the only solution. When x = 0.2, 80x3 +
(x,y,2) tox + 2z.) 80x2 + 80x — 24.2 = —4.36 and when x = 0.3,

24. To multiply the x-coordinate by 3, the first row of 80x3 + 80x2 + 80x — 24.2 = 9.16. So the solution
the matrix must be 3 0 0. Since the y-coordinate is to the nearest tenth is 0.2.
multiplied by 2, the second row is 0 2 0. To convert 30. Divide each side of the equations by 2, 3, 4, and 6,

a z-coordinate to x — 4z, use a third row of 1 0 —4. respectively, so that the left side is x + 2y.

- 3 0 0 L x+2y=4 II.y=4
e matrixis |0 2 0| _ _8

10 -4 IOH.1 xI+ 23/112 .I\; x+2yh 3 .
25a. The x-coordinates are unchanged, the isnAy an are equivalent, so the correct choice

y-coordinates increase, and the z-coordinates
decrease, so the movement is dip-slip.

1239 —41.3 201.7 738 —1294  36.4
25b. [ 830 1458 -283 —826  97.1 —123.9} .
205.3 246.6 2615 2120 —166.4 —85.3 Chapter 8 Study Guide and Assessment
123.9 —41.3 2017 738 —129.4  36.4
- [ 86.4 1442 -29.9 -842 955 125.5] Page 543 Understanding and Using the
206.5 247.8 262.7 2132 -1652 —84.1 Vocabulary
0 0 0 0 0 0 1. resultant 2. unit
- [ L6 16 L6 16 16 1'6} 3. magnitude 4. cross
-12 -12 -12 -12 -12 -12 ]
26a. La Shawna Jaimie 5. Inner 6. vector
x=0 x = 35¢ 7. parallel 8. standard
y = —16¢2 + 150 y = —16¢2 + 150 9. direction 10. components
—16t2+ 150 =0
150 = 16¢2
150 _ 544-546 Skills and Concepts
11560 11. 1.3 cm, 50° 12. 2.9 cm, 10°
ﬁ = 13. - 6 + a
3.06 ~t
= 35¢
=35,
~ 107 ft T
26b. Since the stones have the same parametric 4.1 cm, 23 .
equations for y, they land at the same time. In 14. q 2p +q

part a, it was calculated that the elapsed time is
about 3.06 seconds.

27. x = =5t —1

28. sec (cos_1 %) =

x+1=—-5¢
x+ 1

y;52t+ 10
y=2("”)+ 10

-5
2 48
y = —gx-i-?

1

(cos13)
Ccos|\ cos 5

oot oo [
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5.3 cm, 25°

2.5 cm, 98°



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.5 cm, 82°

h = 1.3 cos 50° v = 1.3 sin 50°
h =0.8cm v=1cm

h = 2.9 cos 10° v = 2.9sin 10°
h=29cm v=0.5cm

CD =(7-2,15 — 3) or (5, 12)
O0CD 0= V52 + 122
=169 or 13
CD = (4 — (~2), 12 — 8) or (6, 4)
OCD 0= V62 + 42
=152 o0r 2V13
CD =(0—2,9—(-3))or(-2,12)
OCD 0= V(=22 + 122
=V148 or 2V'37
CD = (—5— (—6), —4 — 4) or (1, —8)
OCD 0= V12 + (-8)2
=V65
u=v+tw
W =(2, —5) + (3, —1)

u =(2+3,-5+ (—1)or {5 —6)
u=v-w
u =(2, -5 —-(3,-1)

u=(2-3,-5—-(—1))or{(—1, —4)
u =3v + 2w
T =3(2, —5) + 23, —1)
W = (6, —15) + (6, —2)
W =(6+6,—15+ (—2) or (12, —17)
=3V - 2w
W = 3(2, —5) — 2(3, —1)
W = (6, —15) — (6, —2)
W =(6-6,—15 — (—2)) or (0, —13)
EF =(6-2,-2— (1), 1 — 4)or (4, —1, —3)
EFO=\V42 + (—1)% + (-3)
=V26
EF =(-1-9,5— 8,11 — 5) or (—10, —3, 6)
OEFO=V(—10)% + (-3)% + 62
=145
EF =(2 — (—4), -1 — (=3),7— 0) or {6, 2, T
OEFO= V62 + 22 + 72
=V89
EF =(—4-3,0—-17,5— (—8)or (-7, -7, 13)
CEF 0=V (172 + (-7) + 132
=1267

269

31.

32.

33.

34.

35.

36.

317.

38.

39.

u =2wW — 5v

u =24, -1,5) — 5(—1,7, —4)

u = (8, —2,10) — (-5, 35, —20)

u = (8 — (=5), =2 — 35, 10 — (—20))
u = (13, —37, 30)

u = 0.25v + 0.4w

u = 0.25(—1,7, —4) + 0.4(4, -1, 5)

u =(-0.25,1.75, —1) + (1.6, — 0.4, 2)
u =(-0.25+1.6,1.75 + (—0.4), =1 + 2)
u =(1.35,1.35, 1)

B, —1)-(=2,6) = 5(—2) + (—1)6

=-10-6
=—16; no
(2,6) (3, —4) = 2(3) + 6(—4)
=6 — 24
= —18; no
(4,1, =2) - (3, —4,4) = 4(3) + 1(—4) + (—2)4
=12-4-38
= 0; yes
(2, —1,4)-(6, =2, 1) = 2(6) + (—=1)(—2) + 4(1)
=12+2+4
=18; no

(5,2, —10) - (2, —4, —4)
=5(2) + 2(—4) + (—10)(—4)

=10—-8 + 40
= 42; no
i 7 Ok
(5, —2,5) X (-1,0,-3)=| 5 —2 5
-1 0 -3
-2  bBl= 5 5 5 —2F{
:‘ 0—3‘u _‘—1 —3F+’—1 o/

=61 + 10j — 2k or (6, 10, —2)
(6,10, —2) - (5, —2, 5)

6(5) + 10(—2) + (-2)(5)

30 -20—-10=0

(6,10, —2) - (~1, 0, —3)

6(—1) + 10(0) + (—2)(—3)

—6+0+6=0
(-2, -3, )x 2,3, -d=[ 1 7 Xk
-2 -3 1
2 3 -4

o A A
3 —4 2 —4 2 3

= 9i — 6] + 0k or(9, — 6, 0)

(9, —6,0) - (—2, —3, 1)

9(—2) + (—6)(—3) + 0(1)

~18+18+0=0

(9, =6, 0) - (2, 3, —4)

9(2) + (=6)(3) + 0(—4)

18-184+0=0
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40.

41.

42.

43.

44.

N

<_17 Oa 4>X<57 27_1>: )
0 4
2 -1

:‘0 4F 7‘—1 4F +‘—1 OF
2 -1 5 —1 5 2

= —8 +19j — 2Kk or(—8, 19, —2)
(~8,19, —=2) - (—1, 0, 4)

(=8)(=1) + 19(0)(—2)(4)
8+0-8=0

(~8,19, —2) - (5,2, —1)

(=8)(5) + 19(2) + (=2)(=1)
—40+38+2=0
(7,2,1) X (2, 5,3) =

i
-1
5

id
7T 21
2 5 3
_ ‘2 1’—{ _‘7 1’?_’_ ‘7 Z‘T{
5 3 2 3 2
=1 — 19§ + 31Kk or(1, —19, 31)
(1, -19,81) - (7, 2, 1)
1(7) + (—19)2 + 31(1)
7+ (=38 +31=0
(1, —19, 31) - (2, 5, 3)
1(2) + (-19)5 + 31(3)
24+ (=95 +93=0
Sample answer:
Let x(1, 2, 3), y(—4, 2, —1) and z(5, —3, 0)
xy =(—4-1,2—2,—1—3)or(—5,0, —4)
yz =( —(—4),-3—-2,0— (=1))or(9, —5, 1)
(=5,0,-4yx (9, -5, =1 j k
-5 0 —4
9 -5 1

_| 0 -l |5 4l |5 O
-5 1 9 1 9 -

= —20i — 31 + 25k or (—20, —31, 25)

()

F, = 3201
F, = 260
[F, + F,0= /3202 + 2602
~412.31N

tan § = % or %

_ -1 13

6 =tan™" 14

~ 39.09°

v, = 1%

¥, = (30 cos 116°)i + (30 sin 116°)]

(¥, + Vo0 = V(30 cos 116°)2 + (12 + 30 sin 116°)2

45.

46.

=~ 41 m/s
g — 12+ 30sin 116°
tan 0 = 55 51160
12 + 30sin 116°
_ —1 (22 " 2USL 120
0 = tan ( 30 cos 116° )

~ 108.65°
(x =3,y = (-5) =4, 2)
(x =3,y +5) =K4,2)
x— 3 =4t
x =3+ 4t
(= (-1D,y =9 =K-17,-5)
(x+ 1,y -9 =K-17,-5)
x+1=-Tt y—9=-5¢
x=-1—-"Tt y=9-—5¢

y+5=2¢
y=—-5+2¢
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47

48.

50.

51.

52.

53.

e — 4,y —0) =3,
(x — 4, ) = 3,
x—4=3t
x =4+ 3t
x=1
y=-—-8-—-1
=-7-8t
v,0= v Ocos 0
= 15 cos 55°
~ 8.60 ft/s
v,0= v Ocos 0
= 13.2 cos 66°
~ 5.37 ft/s
v,0 = v Ocos 0
= 18 cos 28°
~ 15.89 m/s

—6)
—6)

y=—6t
49. x =1
1 5
y=—tty
D?;ylzl =[™0Osin @
= 15 sin 55°
~ 12.29 ft/s
DV\yEI =[™0Osin @
= 13.2 sin 66°
=~ 12.06 ft/s
DV;yEI = [~ Osin 6
= 18 sin 28°
~ 8.45 m/s

CH =(—4—3,-2—4,2 — (—1))or (—7, —6, 3)

A(3,4 + (—6), -1+ 3) = A3, -2, 2)

B@3,4 + (—6), —1) = B3, =2, —1)

D@3, 4, -1+ 3) =D(3, 4,2)

E@B+ (=7),4, -1+ 3)=E(—4,4,2)

FGB + (=17),4, —1) = F(—4, 4, —-1)

GB + (=7),4 + (-6), —1) = G(—4, -2, —-1)
The matrix for the figure is

3 3 3 3 —4 -4 —4 -4
-2 -2 4 4 4 4 =2 =2|
2 -1 -1 2 2 -1 -1 2
The matrix for the translated figure is
[ 5 5 5 5 -2 -2 -2 -2
-2 -2 4 4 4 4 -2 =2

5 2 2 5 5 2 2 5

z
HI-- E/

A el
‘L/ --/D) ]

B 1
i} 1

The figure moves 2 units along the x-axis and 3

units along the z-axis.



3 3 3 3 -4 -4 -4 —4
-2 =2 4 4 4 4 =2 =2
2 -1 -1 2 2 -1 -1 2
3 3 3 3 -4 -4 —4 —4
=2 2 -4 —4 -4 —4 2 2
2 -1 -1 2 2 -1 -1 2
V4
E,- HI
Dr F/- / G’
——AA _Q: +— 4t Y
x/.
(o4 B'|

The figure is reflected over the xz-plane.

Page 547
55. AB = (1 cos 120°, 0, 1 sin 120°) or {(—=, 0, 22)

F =(0,0, —50)
T =AB X F

—

Applications and Problem Solving

1ft
50 Ib

o] e

i
1
2
0 —50

3 1
A
‘0 —50’A ‘ 0
= 0i — 25] + Ok or (0, —25, 0)

0T 0= V02 + (—25)2 + 02
= 25 Ib-ft

56.y = (W Osin 0 — 582 + h
= 0.5(38) sin 40° — 5(32)(0.5)% + 2
~102ft

go OH-L

V3
2
—50

57a.
16 km/h 3 km/h

35°

e———250 m ———

b = (16 cos 55°)¢ + (16 sin 55°)j

T =-3

b +¢0= V(16 cos 55°2 + (16 sin 55° — 3)2
~ 13.7 km/h

u _ 16sin55° —3
250 ~ 16 cos 55°

u =250 (lﬁsin 55° — 3)

57b.

16 cos 55°
u= 2753 m

271

58. F, = 90i
F, = (70 cos 3097 + (70 sin 30%j or
35V31 + 35j
[F, + F,0= V(90 + 35V3)% + 352
~154.6 N
35 7
tan 0 = 901 3573 OF 15+ 73
0= tan~! (5577v5
~13.1°

Page 547 Open-Ended Assessment
la. Sample answer: X(4, —1), Y(1, 1)
XY =(1—4,1—-(=1))or(—3,2)
XY= V(=32 + 22or V13
The magnitude of XY only depends on the

differences of the coordinates of X and Y, not the
actual coordinates.

Sample answer: P(1, 1), Q(3, 3), R(3, 1), S(5, 3)
PQ =(3—1,3— 1)or(2,2)

RS =(5-3,3— 1)or(2,2)

P_Q\ and RS are parallel because they have the
same direction. In fact, they are the same vector.
Sample answer:a = (8, —4), b = (3, 6)

2 b =8(3)+ (~4)60or0

a andb are perpendicular because their inner
product is 0.

1b.

2a.

2b.

Chapter 8 SAT & ACT Preparation

Page 549 SAT and ACT Practice

1. Recall that the formula for the area of a
parallelogram is base times height. You know the
base is 5, but you don’t know the height. Don’t be
fooled by the segment BD; it is not the height of
the parallelogram. Try another method to find
the area. The parallelogram is made up of two
triangles. Find the area of each triangle. Since
ABCD is a parallelogram, AB = DC and AD = BC.
The two triangles are both right triangles, and
they share a common side, BD. By SAS, the two
triangles are congruent. So you can find the area
of one triangle and multiply by 2. The hypotenuse
of the triangle is 5 and one side is 3. Use the
Pythagorean Theorem to find the other side.

52 =32 + b2
25 =9 + b2
16 = b2
4=0b

The height is 4.
Use the formula for the area of a triangle.

1
50h
A=54)B)or6

Since the parallelogram consists of two triangles,
the area of the parallelogram is 2 X 6 or 12. The
correct choice is A.

Chapter 8



2. In order to write the equation of a circle, you need

to know the coordinates of the center and the
length of the radius. The general equation for a
circle is (x — h)2 + (y — k)% = r2, where the center
is (h, k) and the radius is r. From the coordinates
of points A and B, you know the length of the side
is 4. So the center @, has coordinates (0, 4).
To calculate the length of the radius, draw the
radius OB. This creates a 45°-45°-90° right
triangle. The two legs each have length 2. The
hypotenuse has length 2V/2.
(x =92+ (= 0% = 2V2)?

(v = 47 +5° = 42)

(x—4)2+y2=8
The correct choice is B.
. Write the equation for the perimeter of a
rectangle. then replace x with its value in terms
of y. Solve the equation for y.

p=2x+ 2y
2
pzZ(gy)JrZy
4
p=3y+2
10
p=3Y
3 _
10~ Y

The correct choice is B.

. Recall the triangle Inequality Theorem: the sum
of the lengths of any two sides of a triangle is
greater than the length of the third side. Let x
represent the length of the third side.

40 + 80 > «x

120 > x
40 + x> 80

x> 40

Since x must be greater than 40, x cannot be equal
to 40. The correct choice is A. To check your
answer, notice that the other answer choices are
greater than 40 and less than 120, so they are all
possible values for x.

. Since the answer choices have fractional
exponents of x, start by rewriting the expression
with fractional exponents. Simplify the fractions
and use the rules for exponents to combine terms.
Va2 VB =iy

B
=G +9)

=x10rx

The correct choice is E.

Chapter 8
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6. This figure looks more complex than it is. A semi-

circle is just one half of a circle. Notice that the
answer choices include m, so don’t convert to
decimals. Find the radius of each semi-circle.
Calculate the area of each semi-circle.

The area of the shaded region is the area of the
large semi-circle minus the area of the medium

semi-circle plus the area of the small semi-circle.

. 1 9w
Large semi-circle area = 5w 32 = o

. .. 1 4
Medium semi-circle area = 5w 22 = -

.. 1 1w
Small semi-circle area = 5 12 = -5

91 4 1m 61
Shaded area =~ — 5 + 5 =, =3m

The correct choice is A.

. The only values for which a rational function is

undefined are values which make the
KB+ 2

denominator 0. Since f(x) = —— 7,

the denominator is only O whenx—1 = O or x = 1.

The correct choice is D.

. Start by sketching a diagram of the counter

30 28 x 38

40

Use your calculator to find the area of the whole
counter and then subtract the area of the white
tiles in the center. The white tiles cover an area of
(30 — 2)(40 — 2) or (28)(38).

(30)(40) = 1200

(28)(38) = 1064

Red tiles = 1200 — 1064 = 136

The correct choice is B.

. First, find the slope of the line containing the

points (-2, 6) and (4, —3).
—3-6
4--2

-2 3
m=—or—5

m =

The point-slope form of the line is
y—6= —%(x——2).

y—6=— %x -3

y=- gx + 3

So the y-intercept of the line is 3.
The correct choice is B.



10. Write an expression for the sum of the areas of the

1 1 1 1
1 + 1 =1 2 4 L 2
two triangles. Recall the area of a triangle is one 2(A0WAB) + 3(CEXED) = 5(40) 2(CE)

half the base times the height. = J[(A0? + (CE?

S(AC)(AB) + 5(CE)ED) Using the Pythagorean Theorem for AACE, you
2 2 — 2

From the figure, you know that AABC and ACDE know that (40)" + (CE)” = (AE)®or 1.

are both isosceles, because of the angles marked x° So the sum of the two areas is 5(1) = 5. You can

and because BCD is a line segment. These two grid the answer either as .5 or as 1/2.

triangles have equal corresponding angles.

Since they are isosceles triangles, AC = AB and
CE = ED. Use these equivalent lengths in the
expressions for the area sum.

273 Chapter 8



Chapter 9 Polar Coordinates and Complex Numbers

9-1 | Polar Coordinates

Pages 557-558 Check for Understanding

1. There are infinitely many ways to represent the
angle 0. Also, r can be positive or negative.

2. Draw the angle 6 in standard position. Extend the
terminal side of the angle in the opposite
direction. Locate the point that is Or(J units from
the pole along this extension.

3. Sample answer: —60° and 300°
Plot (4, 120) such that 6 is in standard position
and Or01is 4 units from the pole. Extend the
terminal side of the angle in the opposite
direction. Locate the point that is 4 units from the
pole along this extension.

r=-—4
0 =120 — 180 or§ = 120 + 180
= —60 = 300

4. The points 3 units from the origin in the opposite
direction are on the circle where r = 3.

5. All ordered pairs of the form (r, §) where r = 0.

90°
6. 120° o T
150° 30°
00
o
180 2/ 3 4
210° 330°
2407 =7 300°
90°
8 120° 600 9
C,
150° 30°
00
o
180 a7 _ V1 0
D
210° 330°
i 17
240° 300° 6 6
270° 4ar 5
3 3777 3

10. Sample answer: (*2, 13777), (*2, T)’ (2, ?),

o
(r, 6 + 2k)

(-2 4 2m) - (—2, )
(-2 4+ 20m - (~2.27)
(=1, 6+ 2k + 1)m)

(25 om) - (27
(2 From) - (25

Chapter 9

(-]
11. 120° 90 60° 12. 2 g .
3 3
150° 30° %ﬂ %
OO
180° 0
HER
. 2/ 3 4
(<] o
210 S Vi
240° 300° 6 6
270° 4 5
3 3w T
2

v

14. P,P, = \/2.52 +(—3)%2 — 2(2.5)(—3) COS( 1 %)

9 + 15 cos (—%)

5
= \/5.25 + 15 cos (_E>
=~ 4.37
15a. 120030 600
150° 30°
o 0°
180 0/15)2
210° 330°
240717300
15b. 210 — (—30) = 240
N
A= 360 (mr?)
240
= 360 (w202)
~ 838 ft2
Pages 558-560 Exercises
16. 120° %0 60° 17. 2m g g
3 3
150° 30° 57 T
6 6
OO
180° 0
2/ 3 4
. 2] 3 4
210° 330°
T 17
o -] 6 6
24
0%t 2 300 i or
3 ?%T 3



18. 90° 19. ow X

3 2 3
150°. 30° 57
6
OO
180°
4 8, T >
T

™ T
28. Sample answer: (2, 5), (2, ?), (—2, 240°),
(—2, 600°)
(r, 0 + 2km)
- (25 +20m) - (2.5)
™ T
- (2, 3t 2(1)17) = <2, ?)
(—=r, 0+ 2k + 1)180°)
- (—2,60° + (1)180°) - (—2, 240°)
- (=2, 60° + (3)180°) - (-2, 600°)

29.

30.

31.

32.

34.

36.

Sample answer: (1.5, 540°), (1.5, 900°), (—1.5, 0°),
(—1.5, 360°)

(r, 0 + 360k°)

~ (1.5, 180° + 360(1)°) — (1.5, 540°)

~ (1.5, 180° + 360(2)°) — (1.5, 900°)

(=r, 6 + (2k + 1)180°)

- (—1.5,180° + (—1)180°) - (—1.5,0°)

- (—1.5,180° + (1)180°) - (—1.5, 360°)

Sample answer: (*1, %), (*1, ISTTF), (1, %T),

107

(1.%)
(r, 0 + 2km)
(-1, 5+ 2(1)11') - (—1,{)
(L 2@m) - (-1, 1)
(=r, 6 + 2k + 1)m)
S (L 5+ (1)11) - (1, %“)

™ Om
= (1, 3+ (3)17) - (1, IT)
Sample answer: (4, 675°), (4, 1035°), (—4, 135°),
(—4, 495°)
(r, 0 + 360k°)
- (4, 315 + 360(1)°) - (4, 675°
- (4, 315 + 360(2)°) - (4, 1035°)
(—=r, 0 + (2k + 1)180°)
(=4, 315 + (—1)180°) — (—4, 135°)
- (—4, 315 + (1)180°) - (—4, 495°)

7

o
120° %0 60° 33 2 37 ox
3 3
150°. 57 g
6
o
180° 9 0
. 2/ 3 4
210° 330°
7w 17
240 300° 6 6
270° 4w 57
3 3m 3
2
s . 90°
%77 2 g 85 120° 60°
57 T o 30°
5 z 150
0°
(-]
- . 0 180 RN
(-]
7 117 210° 330
6 6 240° 300°
4r T 5m 270°
3 3m 3
2
90° T
120° 60° 37 2r 3 0=
200 3 3
150°, 57 g
6 6
o 0°
180 5 7 . 0
HIEE
S 330°
210 n 117
240° ° 6 6
0"t 300 i or
3 3%7 3
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40.

41.
42.

43.

44.

45.

46.

47.

48.

o 90° 90°
120 60 39 120° 60°
150° 30°  150° 30°
0° 0°
o o
180 s 180 a7
210° 330°  210° 330°
240717 300° 24071 27 300°
90°
120° 60°
150° 30°
OO
o
180 37
210° 330°
o ]
2407 27300
r=V2orr=—-V2for any 0.
PP, = V42 + 62 — 2(4)(6) cos (105° — 170°)

=116 + 36 — 48 cos (—65°)
= V52 — 48 cos (—65)
~5.63

PP, = \/12 + 52— 2(1)(5) cos (27 — 5

= \/1 + 25 — 10 cos (13

w

= /26— 10 cos (13

~ 5.35
PPy =
2 0w
\/(72.5)2 + (—1.75)% — 2(=2.5)(— 1.75)cos (7? - g)
21w
= \/6.25 + 30.0625 — 8.75 cos (fﬁ>
21w
= \/9.3125 — 8.75 cos <7ﬁ>
~3.16
PP, = V1.3% + (—3.6)2 — 2(1.3)(—3.6) cos (—62° — (—47°))

=V1.69 + 12.96 + 9.36 cos (—62° + 47°)
=1V14.65 + 9.36 cos (—15°)
~ 4.87

r=V(=32+42=5
sinf =, 0~ 53°

180° — 53° = 127°
Sample answer: (5, 127°)

There are 360° in a circle. If the circle is cut into 6

. . 360
equal pieces, each slice measures —;— or 60°.

Beginning at the origin, the equation of the first
line is § = 0°. The equation of the next line,
rotating counterclockwise, is § = 0 + 60 or 60°.
The equation of the last line is § = 60 + 60 or
120°. Note that lines extend through the origin, so
3 lines create 6 pieces.

PP, = \/rl2 + 1y — 2r 1y cos (6 — 0)
= \/r12 - 7“22 — 2ryrq cos 0

=|rp =g

Chapter 9

49a. When 6 = 120°, r = 17. The maximum speed at
120° is 17 knots.

49b. When 6 = 150°, r = 13. The maximum speed at
150° is 13 knots.
50a. 27 g T
3 3
57 s
6 6
0
K 2
7 1o
6 6
4 57
3 5m
3 777 3

50b. T~ (—%) = 2 or 120°

Let R = 3 - 100 or 300 and let r = 0.25 - 100

or 25.

A== (TR?) — s (mr?)
= 325 (m(3002) — 530 (m(25)?)
= 4207 (90,000 — 625)
~ 93,593 ft2

If each person’s seat requires 6 ft2 of space,
93,593 or 15,599 seats.

there are =
51. The distance formula is symmetric with respect to
(r, 0,) and (ry, 6,). That is,

\/r22 +ry2 = 2ryr; cos (0, — 0y)

= \/rl2 + 12 = 2r 1y cos[—(0y — 6,)]

=Vr2+ r,2 — 2rrycos(@y, — 0,)

90°
52a. 120° 60°
150° 30°
o 0°
180 i
210° 330°
240° o
075300

52b. P,P,= V52 + 62 — 2(5)(6) cos (345° — 310°)
= V25 + 36 — 60 cos (35°)
= V61 — 60 cos (35°
~ 3.44
No; the planes are 3.44 miles apart.

53. Draw a picture.

. 3
Boat sinf = %
S sin~1(sin §) = Sin_1<%>
l 6~ 22.0°
mph
54. (3, —2,4) - (1, =4, 0) = (3)(1) + (—2)(—4) + (4)(0)
=3+8+0
=11

No, the vectors are not perpendicular because
their inner product is not 0.



55.

56.

57.

58.

59.

60.

61.

62.

Rewritey = 9x — 3 as9x —y — 3 =0.
Ax; + By, + C
+=VA? + B?

9(=3) + (=1)(2) + (-3)

= V92 + (-1)
-32

= +V82
-32

= +V82 -

—32V/82

=x g2
16V82

= 4

d=

2l

Distance is always positive.

1 — sina 1

-1

sinZa
=cscZa — 1
= cot2a
V3
Arccos 2 = 30°
In a 30°-60°-90° right 1
triangle, the angle opposite

sinZa

the smallest leg is 30°.
y = 5 cos 40
Amplitude = 5; Period = %T“ or %

b sin A = 18.6 sin 30°

=93
Since a = b sin A, there is one solution.
Find B. Find C.

186 _ 9.3 _ o _ o _ o
sin B~ sin 30° C =180 90 30
18.6 sin 30° = 9.3 sin B = 60°

18.6 sin 30°
9.3

90° = B
Find c.
c _ 93
sin 60° sin 30°
¢ sin 30° = 9.3 sin 60°

_ 9.3 sin 60°
sin 30°

c=16.1
3 or 1 positive
f(—x) = —x3 — 4x2 — 4x — 1
0 negative

= sin B

P.
Q.tl

Since there are only positive real zeros, the only
rational real zero is 1.

x— 3
x+ 52+ 2% — 3
x2 + bx
—-3x— 3
—3x — 15
10
Asx » + oo, x1+05 - 0. Therefore, the slant
asymptoteisy = x — 3.

y-axis:

Forx: flx)=x*—3x2+ 2

For —x: f(—x) = (—x)* — 3(-x)2 + 2
=xt—3x2+2

So, in general, point (—x, ¥) is on the graph if and

only if (x, y) is on the graph.

63.

64

65.

—9 4 -1
1-1 o=72“1074‘ 40+(f1)’ 1‘1‘
B 45 Y35 -3 4

—2(—5) — 4(5) — 1(1)
-11

11— (-3) =14

11 - (-2) =13
11 - (-1) =12
11-0=11

(-3, 14), (-2, 13), (-1, 12), (0, 11)}

For each x-value, there ia a unique v-value.

Yes, the relation is a function.

Since the two triangles formed are right triangles,
the side opposite the right angles, AB, intercept
an arc measuring 180°, or half the circle. ABis a
diameter.

C=mnd
507 = wd
50 =d

The correct choice is E.

9-2 | Graphs of Polar Equations

Page 565

1

Check for Understanding

. Sample answer: r = sin 20
The graph of a polar equation whose form is
r = a cos nf or a sin nf, where n is a positive
integer, is a rose.

2. —1 =< sin # =< 1 for any value of 6. Therefore, the

maximum value of r = 3 + 5sinfisr = 3 + 5(1)
or 8. Likewise, the minimum valueof r =3 + 5
sinfisr =3+ 5(—1) or —2.

3. The polar coordinates of a point are not unique. A

point of intersection may have one representation
that satisfies one equation in a system, another
representation that satisfies the other equation,
but no representation that satisfies both
simultaneously.

4. Barbara is correct. The interval 0 = 6§ < 7 1s not

always sufficient. For example, the interval 0 < 6
= 7 only generates two of the four petals for the
rose r = sin 26. r = sin % is an example where
values of 6 from 0 to 4w would have to be

considered.

cardioid limagon
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Pages 565-567 Exercises

2 sin 6 = 2 cos 20
sin 0 = cos 260
sinf=1-2sin26
2sin20 +sinh—1=0
@2sinfh — 1)(sinf +1)=0
2sinf—1=0or sinf+1=0

sinGz% sinf = —1
-7 — 5w — 3m
0= g Or 0 g or 0 5
Ifo = % orf = ‘%T is substituted in either original
equation, r = 1. If 6 = 37“ is substituted in either
original equation, r = —2. The solutions are rose rose

(1L§) (1), ana(-2.5),

10a.

10b. Sample answer: 0 < 6 < MT“

Begin at the origin and “spiral” twice around it,
or through 47 radians. Move straight up
through 4w + < or 97” radians. Now move to the
left slightly, through approximately 97” + % or

MT” radians.

cardioid lemniscate

Chapter 9 278



23.

24.

25.

26.

90°
120° 60°
150°, 30°
% 180° 0°
210° 330°

240° 300°

270°
cardioid

rose

Sample answer: r = sin 30
The graph of a polar equation of the form r = a cos
30 or r = a sin 30 is a rose with 3 petals.

Sample answer: r = ¢
™ ™

7= d3)

1o

3=2+cos¥f
1=cosf

0=0

The solution is (3, 0)

1+cosf=1-—coséb
2cosf =0
cos =0
_m _ 3w
9—501‘0—7

Substituting each angle

into either of the original
equations gives r = 1, so
the solutions of the system

are (1, g) and (1, 37“)

2sin 6 = 2 sin 20
sin 6 = sin 260
sin @ = 2 cos 0 sin 0
0=2cosfsinfh — sin O
0=sin6(2cosf — 1)
sinf =0o0r2cosf®—1=0

1
cos0—2

5

— _m =
9—00r1‘r0r9—30r9 3

If 6 = 0 or 0 = 7 is substituted in either original
equation, r = 0. If 6 = % orf = 5?77 is substituted in
either original equation, r = V3 or r = —V3,
respectively. The solutions are (0, 0), (0, m),

(\/g '”), and (—\/5, 5?“)

3

279

28. (1, 0.5), (1, 1.0), (1, 2.1), (1, 2.6), (1, 3.7), (1, 4.2),
(1,5.2), (1, 5.8)

[—2, 2] scl:1 by [—2, 2] scl: 1
29. (2, 3.5), (2, 5.9)

Ll B
=

[—86, 6] scl:1 by [—6, 6] scl:1
30. (3.6, 0.6), (2.0, 4.7)

)

S b

[—4, 4] scl:1 by [—4, 4] scl: 1

31a. If the lemniscate is 6 units from end to end, then
a= 5(6) or 3.

r2 =9 cos 26 or r2 = 9 sin 26

31b. If the lemniscate is 8 units from end to end, then
a= %(8) or 4.

r2 = 16 cos 26 or r2 = 16 sin 26

This microphone will pick up more sounds from
behind than the cardioid microphone.

33.

0 = 0 = 4 Begin at the origin and curl around
once, or through 2w radians. Curl around a second
time and go through 2w + 27 or 47 radians.

34. All screens are [—1, 1] scl:1 by [—1, 1] scl: 1

Chapter 9



0
34a. r =cosy r=cos

-
Il
Q
o
2]
N

()

When n = 11, the innermost loop will be on the

0
= oS¢
6 left and there will be an additional outer ring.

~

35. Sample answer: r = —1 — sin 6
A heart resembles the shape of a cardioid. The
sine function orients the heart so that the axis of
symmetry is along the y-axis. If a = —1, the heart
points in the right direction.
36a. For a limacon to go back on itself and have an
inner loop, r must change sign. This will happen
if b0 > Call
36b. For the other two cases, Dald = bl
Experimentation shows that the dimple
disappears when Call = [02b0, so there is a
dimple if b0 = Dal < 2601
36¢c. For this remaining case, there is neither an
inner loop nor a dimple if Call = (0260

~

= CoSs

|

37a. Subtracting o from 6 rotates the graph
counterclockwise by an angle of a.

37b. Multiplying 6 by —1 reflects the graph about the
polar axis or x-axis.

[N
/N7 RN/ BINY

)

When n = 10, two more outer rings will appear.

P 37c. Multiplying the function by —1 changes r to its
34b. r =cos 3

opposite, so the graph is reflected about the
origin.

37d. Multiplying the function by ¢ results in a
dilation by a factor of ¢. (Points on the graph
move closer to the origin if ¢ < 1, or farther
away from the origin if ¢ > 1.)

38. Sample answer: (4, 405°), (4, 765°), (—4, —135°),

(—4, 225°)

(r, 0 + 360k°)

- (4, 45° + 360(1)°) — (4, 405°)

- (4, 45° + 360(2)°) — (4, 765°)

(r, 6 + 2k + 1)180°)

- (—4, 45° + (—1)180°) - (—4, —135°)
o (—4, 45° + (1)180°) — (—4, 225°)

=

@
;
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7 23‘—»
J +‘—12 k
=(12, -8, 7)

(2,3,0)-(12, -8, 7) =24 + (—24) + Oor 0
(=1,2,4)-(12, -8, 7) = —12 + (—16) + 28 or 0

40. 3.5 cm, 87°
sin? x 9
41, iyt cosxsinZx = tADSX
sin? x
cos? x (cos? x + sin? x) 2 tan?x

42.

43.

44.

sin? x ) 9
(COSZ (1) = tan® x

sin? x

? 2
2, = tan®x

cos

tanZ x = tan? x

Find C.
C = 180° — 21°15" — 49°40’
= 109°5’
Find b.
b _ 28.9

sin 49°40’ ~ sin 109°5'
b sin 109°5’ = 28.9 sin 49°40’
28.9 sin 49°40’

b= " sin 1095
b= 233
Find a.
a 28.9

sin 21°15" ~ sin 109°5’

a sin 109°5" = 28.9 sin 21°15’
28.9 sin 21°15'

a = sin 109°5’
a=11.1
NY LA Miami
Bus $240 $199 $260
Train |$254 $322 $426
1.,6_1,12 _ 13
8 * 4 8 + 8 8
1,6 13
So 8t4 _ 8 _13 16
3 3 8 3
16 16
_ 26
3

The correct choice is A.

9.3 | Polar and Rectangular
Coordinates

Page 571 Check for Understanding
1. Sample answer: (2V2, 45°)

r=V2a2+ 22 0 = Arctan (%)

=8 = 45°
=92V2

2. The quadrant that the point lies in determines

whether 0 is given by Arctan % or Arctan % + .

281

10.

11.

12.

x =2
rcosf =2
2
7= Cos
r=2sect
. To convert from polar coordinates to rectangular

coordinates, substitute r and 6 into the equations
x = rcos 0 andy = r sin 6. To convert from
rectangular coordinates to polar coordinates, use

the equation r = V&% + y2to find r. If x > 0, 0 =
Arctan % Ifx<0,0= Arctan% + m. If x = 0, you

jus

5 or any coterminal angle for 6.

Vi

/’ y=rsing
0

o—m™@— )
X=rcoso

can use

y

r=V(=V2)?2+ (V2?2 6= Arctan (%)

=V4or2 =3

4
(2%)
r

= V(224 (52 6=Arctan (Z2) + =
=V29 =5.39 ~ 4.33
(5.39, 4.33)
.x = —2cos (%T) y = —2sin <4?“>
=1 =V3
(1, V3)
. x = 2.5 cos 250° y = 2.5 sin 250°
~ —0.86 = —-2.35
(—0.86, —2.35)
y=2
rsinf =2
7= Sing
r=2csch
x2 + y2 =16
(r cos 0)% + (r sin 0)2 = 16
r2(cos? 0 + sin? 0) = 16
r2 =16
r=4orr=—4
r==6
VT -6
x2 + y2 = 36
r= —secf
r_ -1
r rcos 6
1=
x=-1
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90°
13a. 120° 60°
150° 30°
180° 0°
210° 330°

240° 300°

270°

13b. No. The given point is on the negative x-axis,
directly behind the microphone. The polar
pattern indicates that the microphone does not
pick up any sound from this direction.

Pages 572-573 Exercises
14. r = V22 + (—2)2 0 = Arctan (_72)

=V8or2V2 = f%
Add 2 to obtain 6 = T,
(2v2.77)
15. 7= Vo2 + 12
=Vlorl

Since x = 0 when y = 1,0=%.

v
(13) Vs
16. r = V12 + (V3)2 0 = Arctan "1

~Vior2 T
2, T
= y
17.r = (—%)2 + <7TS)2 0 = Arctan _—i
4
= \/% = Arctan (?) or 4?“
= % or %
1 4_w)
2’ 3
18. r = V32 + 82 6 = Arctan (%)
=V73 = 8.54 =~ 1.21
(8.54, 1.21)
19. 1 = Va2 + (=72 6 = Arctan (57)
= V65 = 8.06 ~ —1.05
Add 27 to obtain § = 5.23.
(8.06, 5.23)
20. x = 3 cos (%) y = 3 sin (%)
-0 _
0, 3)
21. x = écos (%) y = % sin (%T)
S
_ V2 _ V2
4 4
(-2

Chapter 9
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22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

__V3 _1
) T2
(_ﬁ 1)
292
x = —2 cos 270° y = —2sin 270°
=0 =2
0, 2)
x = 4 cos 210° y = 4 sin 210°
a3 _ 1
- 4(_ 2 ) - 4<_§)
=-2V3 =-2
(-2V3, —2)
x = 14 cos 130° y = 14 sin 130°
~ —9.00 =~ 10.72
(—9.00, 10.72)
x=-=1
rcosf = -7
=
"= cost
r=—"Tsect
y=25
rsinf =5
_ 5
"~ sing
r=>5csct
x2+y2=25

(r cos 0)% + (r sin 0)% = 25
r2(cos? 0 + sin2 §) = 25
rZ =25
r=5orr=—5
x2 +y2 =2y
(r cos 0)% + (r sin 0)2 = 2r sin 6
r2 (cos? 6 + sinZ 6) = 2r sin 6
r2 = 2rsin
r=2sin6
x2—y2=1
(rcos )2 — (rsin )2 =1
r2 (cos?  — sin? ) = 1
1

2 (cos 20) = N
2 —
r cos 260
r2 = sec 26

2+ —-22=4
W+ —dy+4=4
(r cos )% + (r sin )2 — 4rsin = 0
r2(cos? 0 + sinZ 6) — 4rsin =0
r2 —4rsinf =0
r2 = 4rsin 0
r=4sin 6
r=
\/x2+y2:2
x2+y2=4
r=-3

Va2 +y2 = -3

2 +y2=9



34.

35.

36.

37.

38.

39.

40.

41.

42.

T
0—§ y
Y _m
Arctanx—§ 2/
l:@ ﬂ_ﬁ\/g
x 1 3
y=V3x 1 X
r=2csch
;2
T rsiné
1=2
y
y=2
r=3cosf
r2 = 3rcos 0
x2 + y2 = 3x
r2sin 20 = 8

r22 sin 0 cos 8 = 8
2rsinf rcosf =8

2yx = 8
xy =4
y=x
Y _
~ =
Arctan % = Arctan 1
o
0=1
r=sinéf
r2 =rsin 6
2 tyr=y
x = 325 cos 70° y = 325 sin 70°
~ 111.16 ~ 305.40
(111.16, 305.40)
5w fuul
A4 _ 4 _b5m _ m
6 6 24 24
= 4m
24
=~ 0.52 unit
Drop a perpendicular from the point with polar

coordinates (r, ) to the x-axis. r is the length of
the hypotenuse in the resulting right triangle.
x is the length of the side adjacent to angle 6, so

cos 6 = . Solving for x gives x = r cos 6. y is the

r
length of the side opposite angle 6, so sin § = %
Solving for y gives y = r sin 6. (The figure is drawn
for a point in the first quadrant, but the signs
work out correctly regardless of where in the

plane the point is located.)

y
(r, 6)

6 0

283

43. horizontal distance:
25(4 + 2 cos 120°) = 75 m east
vertical distance:
25(3 + 2 sin 120°) = 118.30 m north

120°
2%

(0] X
44a. x = 4 cos 20° y = 4 sin 20°
~ 3.76 = 1.37
(3.76, 1.37)
x = 5 cos 70° y = 5 sin 70°
=~ 1.71 = 4.70
(1.71, 4.70)
44b. (3.76, 1.37) + (1.71, 4.70)
=(3.76 + 1.71, 1.37 + 4.70)
= (5.47, 6.07)
44c. 5.47 = r cos 0; 6.07 = r sin 0
6.07 _ rsinf
5.47 rcosf
% =tan 6
47.98 = §; 47.98°
5.47 = r cos 47.98°
54T _
cos 47.98°
817 =r
8.170147.98°
44d. 8.17 sin (3.14¢ + 47.98°)
45. r = 2asin 0 + 2a cos 6

r2 = 2ar sin 6 + ar cos 0
x2 + y2 = 2ay + 2ax
x2 — 2ax + y2 — 2ay = 0
x—a)?+ @y — a)? =242
The graph of the equation is the circle centered at
(a, @) with radius V20a0.

46. 90°

120° 60°

150°, 30°

180°

]
30

210° 330°

240° 300°

270°

Sample answer: (—2, 405°), (—2, 765°), (2, 225°),
(2, 585°)
(r, 6 + 360k°)
= (=2, 45° + 360(1)°) - (—2, 405°)
- (=2, 45° + 360(2)°) — (=2, 765°)
(-r, 0 + (2k + 1)180°)
- (2, 45° + (1)180°) — (2, 225°)
= (2, 45° + (3)180°) - (2, 585°)
Or2 = 502 + 4252 = 2 - 50 - 425 cos 30°
0r0 ~ 382.52 mph

47.

48.

50 _ 382.52 F
sin 6 sin 30° 0
50 sin 30° = 382.52 sin 6 30°[425 mph
50 sin 30° _ .
35252 — Sind 50 mph
3°45" = 0

The direction is 3°45" west of south.
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49.

50.

51.

52.

53.

54.

55.

sin2A=cosA -1
1—cos2A=cosA—-1
0=cos?2A +cosA— 2
0=(cos A+ 2)(cosA—1)

cosA+2=0 or cosA—1=0
cosA=—2 cosA=1
A=0°

y

/’ y=2co0s 0

1..

o 9b°\1£30/70° 360° 0
71..
_2..

The terminal side is in the
third quadrant and the
reference angle is
210 — 180 or 30°.

V3

cos 210° = ——~

Enter the x-values in L1 and the f(x)-values in L2
of your graphing calculator. Make a scatter plot.
The data points are in the shape of parabola.
Perform a quadratic regression.
a=—0.07,b=0.73,c ~ —1.36

Sample answer:

y=—0.07x2 + 0.73x — 1.36

20100 -3 0 —20
24 810 20
124 51000
x + 2x3 + 4x2 + 5x + 10
m=S52=18 " (y - 145) = 60(x — 17)
=60 y = 60x — 875

x>yandy >z s0x > z.
Ifx>z,then0<§< 1.

The correct choice is C.

9-4

Polar Form of a Linear Equation

Pages 577-578
1.

Check for Understanding

The polar equation of a line is p = r cos (0 — ¢).

r and 6 are the variables. p is the length of the
normal segment from the line to the origin and

¢ is the angle the normal makes with the positive
x-axis.

. For r to be equal to p, we must have cos (6 — ¢) =

1. The first positive value of 6 for which this is
trueis 6 = o¢.

Chapter 9
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3. The graph of the equation x = k is a vertical line.

Since the line is vertical, the x-axis is the normal
line through the origin. Therefore, ¢ = 0° or ¢ =
180°, depending on whether £ is positive or
negative, respectively. The origin is k(] units
from the given vertical line, so p = k[ The polar
form of the given line is £ = r cos (f — 0°) if & is
positive or —k = r cos (f — 180°) if k is negative.
Both equations simplify to & = r cos 6.

. You can use the extra ordered pairs as a check on

your work. If all the ordered pairs you plot are not
collinear, then you have made a mistake.

L =VAZ + B2 = +V32 + (—4)2

==*5
Since C is negative, use +5.
%x - %y —-2=0
cos¢>:%, sin ¢ = —%,p:2
¢ = Arctan —%
~ —53°or 307°

p=rcos (@ — ¢)
2 =rcos (# — 307°)

L+ VA2 + B2 = +V(—2)2 + 42

= +x2V5
Since C is negative, use +2V5.

2 4 9
st sy T avs 0

_ VB2V _ 95
cos ¢ = _?,SIHQS—T,])— 10
¢ = Arctan(—2)
~ —63°

Since cos ¢ < 0, but sin ¢ > 0, the normal lies in
the second quadrant.
¢ = 180° — 63° or 117°

p=rcos (@ — ¢)

91—\§ =rcos (f — 117°)

. 3 =rcos (0 — 60°

0=rcos(# —60° — 3
0 = r (cos 6 cos 60° + sin 6 sin 60°) — 3

O:%rcos(9+§rsin0—3
_1 VEN
0—§x+7y 3

O=x+\/§y76or
x+\/§y—6=0
r:2sec<0+%)
reos (0 +7) = 2

r(cosﬁcosﬂ—sinesin1>—2:0

4 4
%rcosﬁ—%rsin0—2=0
V2. V2L o
\/Qx—\/iy—4=0



11a. p=rcos(0—¢)a5=rcos<

11b.

51
-%)
Since the shortest distance is along the normal,
the answer is (p, ¢) or <5, %")

Pages 578-579 Exercises
12. +VA2 + B2 = +\V/72 + (—24)2
= +25

13.

Since C is positive, use —25.

7 24
Xt 55y —4=0

T - 24
cos ¢ = —2*5,s1n¢:%,p:4
¢ = Arctan —2—74
~ —T74°

Since cos ¢ < 0, but sin ¢ > 0, the normal lies in
the second quadrant.
¢ = 180° — 74° or 106°
p=rcos (0 — ¢)
4 =rcos (0 — 106°)
+VA2 + B2 = +\V212 + 202

=+29
Since C is negative, use +29.

21

Sg SIn ¢ =
= 20

¢ = Arctan o
=~ 44°

p=rcos (0 — ¢
3 =rcos (§ — 44°)

.p =3

cos ¢ = 59

285

14.

15.

16.

17.

18.

+VAZ+ B2=+Ve62+ (—8)>2
= =*10

Since C is negative, use +10.

6 8 21 _

0* "1 "0 0

cos¢=%,sin¢> = f%,p =21
¢ = Arctan —%
~ —53°
Since cos ¢ > 0, but sin ¢ < 0, the normal lies in
the fourth quadrant.
¢ = 360° — 53° or 307°
p=rcos(®— o)
2.1 =rcos (0 — 307°)
*VA2+B2==xV32+ 22
=*V13
Sinc C is negative, use =V 13.
3 2 5
vttt vy T v =0
3V13s . _2Vi3  _ 5V13
13 2SI =T p = g
¢ = Arctan (%)
~ 34°
p=rcos (@ — ¢)
—5\1/31_3 = rcos (f — 34°)
*VA2 + B2 = V42 + (-5)?
=*+*V14
Since C is negative, use =V 41.
Val
-5V41  10V41
a PT

cos ¢ =

4 5
Var¥ T vy
_ v

41
¢ = Arctan (*%)
~ -51°
Since cos ¢ > 0, but sin ¢ < 0, the normal lies in
the fourth quadrant.
¢ = 360° — 51° or 309°
p=rcos (@ — )

10va1 = rcos ( — 309°)

cos sin ¢ =

41
*VAZ+ B2= £V (-1)? + 32
=+V10
Since C is negative, use +V 10.
L+ 32,1 )
“vior T vieY T Vio
Vio .
cos ¢ = -~ sin¢ = AS\l/Oﬂ),p = ngTO
¢ = Arctan (—3)
~ —172°

Since cos ¢ < 0, but sin ¢ > 0, the normal lies in
the second quadrant.
¢ = 180° — 72° or 108°

p=rcos (@ — ¢)

71—\/01_0= r cos (f — 108°)

6 = rcos (f — 120°)

0 = r (cos 0 cos 120° + sin 6 sin 120°) — 6
0= —%rcosﬂ+§rsin0—6

0= —%x-i—?y—ﬁ

O=—x+\/§y—120r
—x+V3y—12=0
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19.

20.

21.

22.

23.

p— T

4—rc0s(0+z)

- T A
O—r(cos@cosz smt981n4) 4
O:%rcosé)*%rsin@fél

O=¥x—¥y—4
O:\/ix—\/§y—8or

\/§x—\/§y—8=0
=rcos (§ +m
=r(cos § cos m — sin 0 sin ) —2
= —rcosf—2

0=-x—2

x= -2

1 = rcos (6 — 330°

= r (cos 6 cos 330° + sin 0 sin 330°) — 1
0_\/S 1. _

=5 rcosf+grsing -1

—Nv3, 1,

O—?x 2_)/ 1

O=\/§x—y—20r
\/gxfyf2=O
r=1lsec(6+%>
rcos(@-i—%“):ll

r(cochos%T—sinﬂsin%“)—11=0
?rcosOJr%rsintll:O

V3 1., _
7x+§y 11=0

—\/§x+y—22:0
r=>5sec(f — 60°)
rcos (f —60°) =5
r (cos 6 cos 60° + sin 6 sin 60°) — 5 =0

%rcos0+§rsin0—520

NS

2
3

w3

Chapter 9

(+1)=—(@x—4) - 2+3y—5=0

+VA2 + B2 = +V22 + 32

= *V13

Since C is negative, use +V 13.
2 3 5
vis + vz — vz =0

_ 2V13 _. _ 3V13 _ _ 5V13
COS ¢ =g SIne = TP = g
¢’=Arctang

= 56°

p=rcos (@ — ¢)

5%73: r cos (0 — 56°)

31. p=rcos (6 — ¢)
_>p:300s(%—¢>
ﬁp=2cos(%—¢>
Use a graphing calculator and the INTERJECT
feature to find solutions to the system at (2.25,
0.31) and (5.39, —0.31). Since p, the length of the

normal, must be positive, use ¢ = 2.25 and p =
0.31.

0.31 = rcos (f — 2.25)

32a. p=rcos (0 — ¢) - 6 =rcos (f — 16°)

Since the shortest distance is along the normal,
the closest the fly came was p or 6 cm.

32b. (p, ¢) or (6, 15°)

33. Since both normal segments have length 2, p must
be 2 in both equations. Since the two lines
intersect at right angles, their normals also
intersect at right angles. This can be achieved by
having the two ¢-values differ by 90°. To make
sure neither line is vertical, neither ¢-value
should be a multiple of 90°. Therefore, a sample
answer is 2 = r cos (f — 45°) and 2 = r cos (6 —
135°).

34.m =0
y—-49=0x—-5)-y—4=0
cosp=0,sin¢p=1,p=4
Since cos ¢ = 0 when sin ¢ = 1, ¢ = 90°.
p=rcos (@ — o)

4 = rcos (6 — 90°)



35a.

AR
sy
N

35b. p = rcos (6 — ¢)

- p=125cos (130 — ¢)

- p = 300 cos (70 — ¢)

Use a graphing calculator and the INTERSECT
feature to find the solutions to the system at
(—45, —124.43) and (135, 124.43). Sinc p, the
length of the normal, must be positive, use ¢ =
135° and p = 124.43.

124.43 = r cos ( — 135°)

36. k=rsin (@ — o)

37.

38.

39.

k = r [sin 6 cos a — cos 0 sin «]

k =rsinf cos o — rcos f sin o

k=ycosa— xsina

This is the equation of a line in rectangular
coordinates. Solving the last equation for y yields
y = (tan a)x + k_ The slope of the line shows

cos o’
that « is the angle the line makes with the x-axis.

To find the length of the normal segment in the
figure, observe that the complementary angle to «
in the right triangle is 90° — «, so the f-coordinate
of Pin polar coordinates is 180° — (90° — «a) =

a + 90°. Substitute into the original polar
equation to find the r-coordinate of P:

k= rsin (o + 90° — «)

k = r sin 90°

k=r

Therefore, k is the length of the normal segment.
y €

p=rcos (0 — ¢)

- p = 40 cos (0° — ¢)

- p = 40 cos (72° — ¢)

Use a graphing calculator and the INTERSECT
feature to find the solutions of the system at
(—144, —32.36) and (36, 32.36). Since p, the length
of the normal, must be positive, use ¢ = 36° and

p = 32.36.
32.36 = rcos (6 — 36°)
r==6
Vi +y2=6
x2 + y2 = 36
The graph of a polar equation of the form

r = a sin nb is a rose.

287

40. x — 3y =6
y="2L8
y=%xf2

x=t,y=%t—2
41.A:3—2’O(7rr2)

- 35 ()
~ 20.42 ft2
42.

sin 360° = y or 0.

203 + 5x2 — 12x =0
x(2x2 + 5x — 12) =0
x(2x — 3)(x +4) =0

x=00rx=%orx=—4

c2 —d? =48

(c+ d)(c—d) =48
12(c — d) = 48
c—d=4

43.

44.

Page 579

90°
1. 120°

150°

180°

210°

5.7 =V (V2?2 + (-V2)?
=V4or?2

‘22 5_17) 49 g
g
6. r="V02+ (—4)2

=V16or 4

Since 360° lies on the x-axis
of the unit circle at (1, 0),

Mid-Chapter Quiz

NS

(1.0)

w3

0 = Arctan <;\/§)

v

4
Since (—V'2, —V2) is in the third quadrant,
=m+ Torl™

Since x = O wheny = —4,0 = 37“

(+.%)

Chapter 9



7.

10.

. =VA2 + B2 =

x2 + y2 = 36
Va2 +y2 = +V36
r=6orr=—6

r=2csch
rsinf =2
y=2

+V52 + (—12)2
= *13
Since C is positive, use —13.

1 3 _9

5 2.
B3 T3

3

5 . 12
cos¢=—§,sm¢v=ﬁ,p=ﬁ

_ 12

¢ = Arctan (f?)
=~ —67°

Since cos ¢ < 0, but sin ¢ > 0, the normal lies in

the second quadrant.

¢ = 180° — 67° or 113°

p =rcos (— ¢)

% =rcos (§ — 113°)

+VA2 + B2 = =V(-2)2 + (-6)

+2V10

Since C is negative, use +2V10.
2 6 2 _
2VIx | 2VioY | 2vio

3Vio V1o
10 P~ 1

Vo .
cos ¢ = ~ 0 siln ¢ = —

¢ = Arctan (ji’)
~ T72°
Since cos ¢ < 0 and sin ¢ < 0, the normal lies in
the third quadrant.
¢ = 180° + 72° or 252°
p=rcos (@ — o)
Vio r cos (6 — 252°)

10

9-5

Simplifying Complex Numbers

Page 583
1.

Check for Understanding

Find the (positive) remainder when the exponent
is divided by 4. If the remainder is 0, the answer
is 1; if the remainder is 1, the answer is i; if the
remainder is 2, the answer is —1; and if the
remainder is 3, the answer is —i.

Complex Numbers (a + bi)

Reals
(b=0)

Imaginary
(b + 0)

Pure
Imaginary
(a=0)

. When you multiply the denominators, you will be

multiplying a complex number and its conjugate.
This makes the denominator of the product a real
number, so you can then write the answer in the
form a + bi.

Chapter 9
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10.

11.

12.

Pages 583-585
13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

. Sample answer: 2 + 1 =0

(x — i)(x + i) = 0, where the solutions are x = *i.
X2+ xi—xi —i2=0

x2—(-1)=0
2+1=0
. i76:(i4)72.i2
=172.(-1)
=-1
L1104 32 = (922 + 2
= (1)%i2 + {2
=—-1+(-1)or—2
L2+3)+(-6+0)=2+(—6) + @3i+1iQ)
= —4+ 4i
. (2.3 +4.1i) — (—1.2 — 6.30)
= (2.3 = (—1.2)) + (4.1i — (—6.30))
= 3.5 + 10.4i
.24+ 4)+ (-1+50) =2+ (=1) + 4i + 5i)
=1+9
(—2-9?=(-2-(-2 -1
=4 + 4i + i2
=3+ 4i
i i 1-2i
1+2i 1+2 1-2i
-2
142
_i+2
5
2, 1.
:g‘l’gl

(2.5 + 3.10) + (—6.2 + 4.30)
= (2.5 + (—6.2)) + (3.1i + 4.3i)
= 3.7+ 74iN

Exercises
i6=i4.q2

=1--1

=—i
— (i4)444
= 1444
=1

i9 + i75 — (i4)2 i+ (i4)72 . i3
=12-i+172- -
=i+ (—i)or0
(8 + 2i) + (—4 + 6i) = (3 + (—4)) + (2i + 6i)
=—-1+8i
(7 — 4i) + (2 — 3i) = (7T + 2) + (—4i — 3i)
=9-17i
Eri)-@-d=((+2)+G— (i)
=-3+2i
(=3-9) -4 -5)=(=3+(-4) + (=i — (-5))
=—7+4i
(2 + i)(4 + 3i) = 8 + 10i + 3i2
=5+ 10i
1+ 4i)2 = (1 + 4D)A + 4i)
=1+ 8i + 16i2

—-15 + 8i



23. (1 + V7i)(—-2 — V50)
= -2 —V5i - 2V7i — V352
= (=2 + V35) + (-2V7 — V5)i

24. 2+ V=3)(-1 + V-12)

-2 4+ 2V12i — V3i

+ V36i2
=-2+4V3i-V3i-6
= -8+ 3V3i

2+i _ 2+i  1-2i
25'1+2i_1+2i 1-2i
2 -3i—2i?
1452
_4-3i
5
4 _ 3.
=5 5
3-2i _ 3-2 —4+i
26. TS o T4t
—12 + 11i — 2i2
- 16 — i2
_ —10 +11i
17
_ 10 , 11.
=t
5-i_5-i 5-i
27'5+i75+i 5—1i
25— 10i + i2
T 252
_ 24 —10i
26
=12 _5;
13 13
28. (x —D)x+1i) =0
x2—i2=
2+1=0
29. x—C+d)x—-2—-1)=0

x—2-Dx—2+0)=0

X2 —9%x+xi—2x +4—2 —xi+2—i2=

2 —4x+4+1=0

22 —4x+5=0

30. (2 — )3 + 2i)(1 — 4i) = (6 + i — 2iD(A — 4i)
= (8 + i)(1 — 4i)
8 — 31i — 4i?

=12 — 31i

31. (—1 — 3i)(2 + 2i)(1 — 2i) = (—2 — 8i — 6i2)(1 — 2i)

= (4 — 8i)(1 — 2i)
4 — 16i + 16i2

= —-12 — 161
l .\/_~ l ,\/_.
32, 2+ 3i _ 2+ 31‘ 1+\/§‘:
1-V2i 1-V2i 1+Vai
%+¥‘+3i+6i2
1 - 2i2
(3-v8)+ (5 + va)
= 3
_(1_ V6 V3, V2).
—<§ ?)*(?*T)’
33 2-V2i  2-V2i 3-Vei

3+V6i 3+V6i 3-\V6i
_ 6-2Vei - 3V2i + Vi2:2
- 9 — 6i2

6 -2V3) + (-2V6 — 3V2)i
15

--2) + (7 - 20

2+ V3i(=1+ V12i)
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34.

3+

3+1i

35. (“3 2 =

36a.

36b.

36¢.

37a.

37b.
37c.

37d.

[

(1 + )2

2+i2+1i)
3+i

T4+ 4i+i2
3+
3+ 4i

3+i 3-—4i
3+4i 3-—4i
9 — 9i — 4i2

9 — 16i2
13 - 9i

25
13 _ 9,
25 25

1+ A+ 1)

(=3 + 2i)(—3 + 2i)
1+2i+i%

= 9 — 12i + 4i?
2i

5 — 12i
2i 5+ 12i

5—12i 5+ 12i
10i + 24i%

_ —24 +10i

169
—155 * Tegt
Z=R+ Xy — X0
- Z=10+(1—-2)j - Z=10 — johms
-Z=3+1-1)j - Z=3+ 0johms
10 -+ @B+ 0j) =00+ 3) + (—1j + 0j)
= 13 — j ohms

8=t
__ 1. 6-3

S =

N [=
[e2}
+
&

T 36— 952
_6-3j

=~ (0.13 — 0.07j siemens
—8i + V(8i)2 — 4(1)(~25)
2(1)
_ —8i+V36
2

x =

==*+3—4i
No
The solutions need not be complex conjugates
because the coefficients in the equation are not
all real.
(83— 4i)2+8i(3—4i) — 2520
-7 —-24i +24i+32—-2520
0=0

S|

(—3 —4i)2 + 8i(—3—4i) — 2520
T+ 24i —24i +32-2520
0=0

38. flx + yi) = (x + yi)?

39a.

= x? + 2xyi — y?

= (% — y?) + 2xyi
zo=2-1
21:i(2—i)+i20r1+2i
z2g=i(2i +1) =22 +ior—2+i
zs=i(-2+1i)=—-2i+i%or —1 - 2i
zg=i(-1—-20)=—i—2i%0r2 i
zs=i@2—i)=2i—i%orl+2i
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39b. z, = 1 + 0i
z, = (0.5 — 0.866i)(1 + 0i) = 0.5 — 0.866i
2, = (0.5 — 0.8661)(0.5 — 0.8661)

0.25 — 0.866i — 0.75

= —0.500 — 0.866i

23 = (0.5 — 0.866i)(—0.500 — 0.8661)
= —0.250 — 0.750
= —1.000 — 0.000i

z4 = (0.5 — 0.866i)(—1.000) = —0.500 + 0.866i

z5 = (0.5 — 0.866i)(—0.500 + 0.8661)
= —0.250 + 0.866i + 0.75
= 0.500 + 0.8661
N3 _ 1
40. (1 + 2i) ° = 1+ 20

1
= (=3 + 41 + 20)
1

—11 - 2i
_ 1 -1+ 2i
To-11-20 —11+2i
_ —11+2i
125

AL, 2.
= ~125 T 155¢

41. ¢ (cos 2t + i sin 2¢) + cy(cos 2t — i sin 2t)
= ¢y cos 2t + cqi sin 2t + ¢,y cos 2t — cyi sin 2¢
= (c; + cg)(cos 2t) + (c; — ¢,)(i sin 2¢)
= (cq + ¢y)(cos 2t) only if ¢; = ¢,
NATT R = = VT (<P
= +2V10
Since C is positive, use -2v/10.

42.

6 42 3 _
2vio® T 2vio? | 2vio
3V10 .
T,Sln¢:@p:—3m

cos ¢ = — 10 20
1
¢ = Arctan (*g)

~ —18°
Since cos ¢ < 0, but sin ¢ > 0, the normal lies in
the second quadrant.
¢ = 180° — 18° or 162°
p=rcos (@ — ¢)

3V10 _ _ o
T—rcos(ﬁ 162°)

44. (x — (=3),y — 6) = K1, —4)

(x+ 3,y —6) =K1, —4)

45. u = 1(~8,6,4) — 2(2, =6, 3)
- <—2, 3, 1> — (4, —12, 6)
{29
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_ 5
cothE

1 + cot? B = csc2 B
1+(i)2— ’B
15) =csc

46. tan o = %
tanZa + 1 = sec? a

2 169
25 _ 2 169 .2
9 = sec’a 1aa = Csc” B
9 _ 2 144 . 9
o5 = C0s” 169 — sin® B
3 12 .
5 = COS 13 =sinB

sin2B+cos2B=1
12\2

12 2 _

(13> +cos*B=1

25

cos? B =149

. 5

sina =3 cos B =13

cos (o + B) = cos a cos B — sin a sin B

- ()~ ()

47. amplitude = %(7) or 3.5

iod = 2% or T
period = 75 Or ¢

y = 3.5 cos (%t)
48. h =xV3

*V3
tan 52° = 7,

x tan 52° + 45 tan 52° = x\V3
3 = —45 tan 52°
—45 tan 52°
tan 52° — V3
x =~ 127.40
h =xV3 =127.40(V3) = 221 ft

x tan 52° — x

45 ft X

49. Enter the x-values in L1 and the f(x)-values in L2
of your graphing calculator. Make a scatter plot.
The data points are in the shape of a parabola, so
a quadratic function would best model the set of

data.
Let d = depth of the original pool.
The second pool’s width = 5d + 4, the length =
10d + 6, and the depth = d + 2.
(5d + 4)(10d + 6)(d + 2) = 3420
(50d2 + 70d + 24)(d + 2) = 3420
50d3 + 100d2 + 70d2 + 140d + 24d + 48 = 3420
50d? + 170d? + 164d — 3372 =0
25d3 + 85d2 + 82d — 1686 = 0
Use a graphing calculator to find the solution
d=3.
The dimensions of the original pool are 15 ft by
30 ft by 3 ft.

51. 80 = k(5)(8)

50.

2=~k
¥ =2(16)(2)
=64



52. y="17— x2
x=T—y

x—T7T=—y
—x+7=5»2
V-x+T=y
flx) ==V7—x

53. |y

ov(-+1,1) X

fle,y) = —2x+y
f(-1,1) = —2(—-1)+ 1lor3
f(6,1) = —2(6) + 1or —11
(6, 8) = —2(6) + 8 or —4
The maximum value is 3 and the minimum value
is —11.
54, x+2y—Tz= 14
—x — 3y + 5z=—-21

—y—2z= -7
—x—3y+5b6z=-21 - —bx — 15y + 25z = —105
bx —y+2z= -7 bx — y+ 2z=-T7
—16y + 27z = —112
-y —2z=-17 - 16y + 32z = 112
—16y + 27z = —112 —16y + 27z = —112
59z =0
z=0
-y — 2(0) = -7 - y=17
x+2(N—-70)=14 - x=0
0, 17,0)

55. Since BC = BD, mOBDC = m ODCB = x
m ODBC = 180 — 120 or 60.
x +x+ 60 =180
2x = 120
x = 60
x + 40 = 60 + 40 or 100
The correct choice is A.

9.5 | The Complex and Polar Form
of Complex Numbers

Pages 589-590 Check for Understanding

1. To find the absolute value of a + bi, square a and
b, add the squares, then take the square root of
the sum.

2.i=0+ i;cos%= Oandsin%= 1
i= cos%-ﬁ- isin%
3. Sample answer: z; = i, z, = —i
ey + 20 = Ozy0 + Oz,0
08 + (—i)0 2 0i0 + 0-i0
ooxi+1i
0+ 2i

4. The conjugate of a + biis a — bi.
Vi(a + bi)(a — bi) = Va2 + b2, so the friend’s
method gives the same answer.
Sample answer: The absolute value of 2 + 3i is
V22 + 32 = V13. Using the friend’s method, the
absolute value is V(2 + 3i)(2 — 3i) = V4 + 9 =
V13.

5. 2x +y+ (x+y)i=5+4i

20 +y=25 x+y=4
2x+ (—x+4) =5 y=-x+4
x=1
y=—(1)+4o0r3
6. 7.
I I
2 )
- 1 T, V2)
1 1
)4
(0]
— 4 — i R —4 - O i R
1 -1
-2 11
“2 ~2

EO=V(-22+ (-1)? EO=V12+ (V2)?

=V5 =V3
8. r=V22+ (—2)2 0 = Arctan (%) + 27
T

=V8or2V2 =7

0 1s in the fourth quadrant.
2—-2i= 2\/5(005%%— isin%ﬁ)

9. r=V42 + 52 0 = Arctan (%)
=V41 = 0.90

4 + 5i = V41(cos 0.90 + i sin 0.90)

10. r = V(=2)2 + 02

0
0 = Arctan —5 + 7

=V4or?2 =1
0 is on the x-axis at —2.
—2 =2 (cos ™ + i sin )

4(cos % + i sin 3> 2(cos 3 + i sin 3)

1 .(V3 .
=43 +i(3Y)) ~ 2(~0.99 + i(0.14))
=2+ 2V3i = —1.98 + 0.28i

Chapter 9



13. )

ol
iy

3 ..
5(cos 27 + i sin 2m)
3

=5 (1 +i(0)
_3
-2
14. i
4
.63
{090 R
—1 Ol /o 1130
-0.38i ¢
-1

15a. magnitude = V102 + 152

=325
~18.03N
15b. 6 = Arctan %
~ 56.31°
Pages 590-591 Exercises

16. 2x — 5yi = 12 + 15i

2¢=12 —by =15
x=6 y=-3
17. 1+ (x + )i =y + 3xi
1=y x+y=3x
x+ (1) = 3x
1=2x
1
5 =X
18. 4x +(y—DBi=2x—y+ (x + 7)i
y—5=x+7 dx =2x — y
y=x+ 12 dx = 2x — (x + 12)
3x = —12
x=—4

y=(-4)+12o0r8
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19. 20.
i i
23y 1
7/
[0) R ON R
N
\\

(31 _4)
0= V22 + 32 k0= V32 + (-4)2
=V13 =V25o0rb

21. 22.
i i
[0)
/ R O R
I (u’ _-3)
[
(+1,]-P)

0= V(=12 + (=52 0=V02 + (-3)2

=126 =V9or3
23. 24.
(1B |7 i
I‘ 2
\ Ve
1 (4,V2)
)
T
—2 11 0 > R o) R

—_

0=V (-1)2+ (V5?2 EO=V42+ (V2)?
=V6 =V18or 3V2
25. r ="V (-4)2 + 62
=V5H2or2V13
26.r="V32+ 32
=V18or 3V2 = %
3+3i= 3\/§<cos%+ isin%)
27.r=V (=12 + (-V3)?2 0= Arctan(
=V4or?2 = %T
6 is in the third quadrant.
-1-V3i= 2(0054?1T + isin%)
28. r = V62 + (—8) 6 = Arctan (&) + 2m

="V100 or 10 ~ 5.36
6 is in the fourth quadrant.
6 — 8i = 10(cos 5.36 + i sin 5.36)

_V/3
=} > + 1



29. r = V(-4)2 + 12

30.

31.

32.

33

34.

0 = Arctan <%4> +
=V17 ~ 2.90

0 is in the second quadrant.
—4 +1i="V17(cos 2.90 + i sin 2.90)

r=V20% + (—21)2 0 = Arctan (%) + 27
= V841 or 29 =~ 5.47

0 is in the fourth quadrant.
20 — 21i = 29(cos 5.47 + i sin 5.47)

r=V(-2)72 + 42 6 = Arctan (%) +
=V20or 2V5 ~ 2.03

0 1s in the second quadrant.
—2 + 4i = 2V/5(cos 2.03 + i sin 2.03)

r=WV32+ (2 0 = Arctan (%)
=V9or3 =0

0 is on the x-axis at 3.
3 = 3(cos 0 + i sin 0)

r="V(-4V2)? + 0
=V32o0r4V2

6 is on the x-axis at —4V2.
—4V2 = 4V/2 (cos 7 + i sin )

0
0 = Arctan s +

=

r=Vo0?2+ (-2)2
=V4or2
Since x = 0 wheny = —2,60 = 3%

. 3m | . . 3mw
—21—2(c0s 5 T isin 2)

™ I
3(cos 4 T isinyg

s ()

~—
o

ol

10(cos 6 + i sin 6)

~ 10(0.960 + i(—0.279))
= 9.60 — 2.79i

293

2(005 %ﬂ + i sin %ﬂ)
o i(5)

5(cos 0 + i sin 0)

2.5(cos 1 +isinl)
=~ 2.5(0.54 + i(0.84))

= 1.35 + 2.10i
2 o
éﬂ' i 2 =
5o m
6 6
( 0
T TR
iy 1w
6 6
4x S5x
4 3y
3 =7 3

3(cos m + i sin )

= 5(1 + 0) =3(-1+0)
=5 =-3
43. i
T
—0.44 405
[
\\
R
- O\ 0/50 —p.30i
| »0.60,—0.39/
\\ 44— 0.4
Joi25/—i 11
44. A
1 [0} R
=1
45. i
1
+07o # @.of
1 O 1 R
L0.5 0.5/
1
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46a.

46b.

46¢.

47.

48a.

48b.

48c.

49a.
49b.
49c.
49d.
50a.

50b.

50c.

50d.

40030° = 40(cos 30° + j sin 30°)
-3 4 ()
= 34.64 + 20j
60060° = 60(cos 60° +
= 60(3 +i(%)
= 30 + 51.96j
(34.64 + 20j) + (30 + 51.96))
= (34.64 + 30) + (20j + 51.96j)
= 64.64 + 71.96j
v(t) = r sin (250t + 6°)

r="V64.642 + 71.962 0 = Arctan 5,4,

=~ 96.73 ~ 48°
u(t) = 96.73 sin (250¢ + 48°)

The graph of the conjugate of a complex number is
obtained by reflecting the original number about
the real axis. This reflection does not change the
modulus. Since the amplitude is reflected, we can
write the amplitude of the conjugate as the
opposite of the original amplitude. In other words,
the conjugate of r(cos § + i sin 0) can be written as
r(cos (—6) + i sin (—0)), or r(cos § — i sin 0).
10(cos 0.7 + j sin 0.7) = 7.65 + 6.44j
16(cos 0.5 + j sin 0.5) =~ 14.04 + 7.67j
(7.65 + 6.44j) + (14.04 + 7.67j)
= (7.65 + 14.04) + (6.44j + 7.67j)
= 21.69 + 14.11j ohms

r=V21.692 + 14.112 0 = Arctan oree

~ 25.88 ~ 0.58
21.69 + 14.11j = 25.88 (cos 0.58 + j sin 0.58) ohms

Translate 2 units to the right and down 3 units.

S’ sin 60°)

71.96

Rotate 90° counterclockwise about the origin.
Dilate by a factor of 3.
Reflect about the real axis.

Sample answer: let z; = 1 + i and z, = 3 + 4i.
2125 = (1 + )(3 + 4i)
-1+ 17

2, = \/§<cos% + isin %) =~ 1.41(cos 0.79 + i sin 0.79)

29 = 5(cos 0.93 + i sin 0.93)
2129 = 5V2(cos 1.71 + i sin 1.71)
= 7.07(cos 1.71 + i sin 1.71)
Sample answer: Let z; = 2 — 4i and
29 = —1 + 3i. Then
z; = 2V/5(cos 5.18 + i sin 5.18)
=~ 4.47(cos 5.18 + i sin 5.18),
zy = V10(cos 1.89 + i sin 1.89)
~ 3.16(cos 1.89 + i sin 1.89), and
2129 = (2 — 4i)(—1 + 3i)
=10 + 10
10\/§(c0s % + i sin %)
14.14(cos 0.79 + i sin 0.79).

To multiply two complex numbers in polar form,
multiply the moduli and add the amplitudes. (In
the sample answer for 50c, note that 5.18 + 1.89
= 7.07, which is coterminal with 0.79.)
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51.

52.

53.

54.

55.

56.

47.

58.

59.

(6 — 2i)(—2 + 3i) = —12 + 22i — 6i2

= —6 + 22i
x = —3cos — 135° y = —3sin — 135°
V2 V2
= —3(~%) = —3(~%)
_ 32 _3V2
- 2 2
(3_\@ 3_\@)
20 2
magnitude = V (—3)2 + 72
= V58
(=8,7=-38i +17j
tan 105° = tan (60° + 45°)
tan 60° + tan 45°
= 1 — tan 60° tan 45°
__Va+1
1= (VB
_VB+1 1+V3
T1-V3 1+V3
_ V3+3+1+V3
_4+2V3
- -2
=-2-V3
0
w=7y
= @or 241
U= rw

= 18(24m) or 4327 cm/s
4327 cm/s = 4.327 m/s

~ 13.57 m/s
sin A = 1
A =sin"! (%)
A=~41.8°
V2a—-1=V3a-5

20 —1=3a—5
4=aqa

ASX » ©,y - 0 AS X —» —®0, Y — ©

y= 2x2 + 2
x Y
—1000 2 % 106
-10 202
0 2
10 202
1000 2 X 108

In the fourth month, the person will have received
3 pay raises.

$500(1.10)% = $665.50

The correct choice is D.



968 | Graphing Calculator Exploration: 5.or=14 o="1-2
Geometry in the Complex Plane _ s
6 2
% cos | —5 ) + isin —% = %(0 + (—1)i)
Page 592
1. They are collinear. = —%i
6r=%or2 0=%—<—%)
e gone” :%ﬂ—%%ﬁrorl}fw
ry L 2(cos 1% + i sin 1%) = 2(—72 + t(%))
4m0 ot =-\V2 +V2i
7. r=5(6) or 3 o="7+2
Sty
2. Yes. M is the point obtained when 7'= 0, and N is 3( s Lw) _ 3(_@ 4 _;))
the point obtained when 7' = 1. C0S7g T IS g ) = 2 N2
3. The points are again collinear, but closer together. = —37 - %z
8.7, =V22+(@2V3)2  ry=V(-3)?2+ (V3)?
=V16or4 =V12o0r2V3
r=4(2V3) or 8V3
0, = Arctan (%) 0, = Arctan <X—§> + @
™ 5
=3 =5
™ 5w
0=5+7%
4. The points are on the line through M and N. =2 I
5. If one of a, b, or ¢ equals 0, then aK + bM + ¢N is m . . Tm V3 .1
i ’ 8V3(cos g +isinTg ) =8V3(—5 +il5
on AKMN. If none of a, b, or ¢ equals 0, then <COS 6 T IS g ) ( 2 _l(Q))
aK + bM + c¢N lies on or inside AKMN. = —12 - 4V3i
6. M is the point obtained when T = 0 and N is the 9. E=1Z
point obtained when 7' = 1. Thus, a point between = 2(cos HT“ + j sin HT“) . 3(cos % + j sin %)
M and N is obtained when 0 < 7' < 1. _y Clmow
7. The distance between z and 1 — i is 5. This r=2@3)or6 0="% 3
defines a circle of radius 5 centered at 1 — i. = HTﬂ + %T
8. The distance between a point z and a point at _ 13w or X
2+ 3iis 2. . . 6 76
- (2 +3)0=2 V= 6<cos s TJsin g) volts
g.7 | Products and Quotients of Pages 596-598  Exercises
Complex Numbers in Polar Form 10. r = 4(7) or 28 b=5+7%
= orm
3
Pages 596 Check for Understanding 928(cos  + i sin ) = 28(—1 + i(0))
1. The modulus of the quotient is the quotient of the = —98
moduli of the two complex numbers. The 1 r=%0r3 g3 _m
amplitude of the quotient is the difference of the TEgor B
. 2m ™
amplitudes of the two complex numbers. =, ory
2. Square the modulus of the given complex number 3<cos % +isin %) = 3(0 + i(1))
and double its amplitude. = 3i
3. Addition and subtraction are easier in rectangular 1
form. Multiplication and division are easier in 12. r = 2 or L g _ T
polar form. See students’ work for examples. ’ 3 6 ; 6
4.7=2 2o0r4 =7+ N
1 L . . 1 3 1
— 47‘” or 2 g(cos e+ isin g) = 5(7 + l(g))
4(cos 2m + i sin 2m) = 4(1 + i(0)) R,
=4
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13. r = 5(2) or 10 ,9:,n-+%"
—%TJr%or%ﬁ
10<cos%+isin 7:)—10(ﬁ+ ( \f))
=5V2 — 5V2i
14. r = 6(3) or 18 0:_%+%
2m 5m
=7% T 6
3w ™
=?OI‘§
18(cos § + i sin 5 ) = 18(0 + i(1))
= 18i
15.r:%0r3 0:%’7_%
_ Mwm 3w 1w
6 "6 T
3<cos p +Ls1nlé>:3ﬁ (7%)
_ 33 3,
=2 T ot
16. r = 2(3) or 6 0 = 240° + 60°
= 300°
6(cos 300° + i sin 300°) = 6(% + i(—?)
=3 - 3V3i
ﬁ T 3
17. r = NG 027_7
2 dm
=-,orm
_nE
=" or
2(cos m + i sinm) = 2(—1 + i(0))

= -2
18. r = 3(0.5) or 1.5 0=4+250r6.5
1.5(cos 6.5 + i sin 6.5) = 1.46 + 0.32i

19.r=Tor4 6=-2—360r 5.6
4[cos (—5.6) + i sin (—5.6)] = 3.10 + 2.53i
20 4 7w 1w
20.r=zory 0=-"%—"735
_ m 22w
~— 6 6
_ _lbm ful
=" Oor —,
%(cos - +isin — ) (0+l( 1))
4.
21. r = 2(V2) or 2V2 09—*1T %
_ 3w  2m 5w
= 4 or—y
2\/§(COST+ISIH 4)—2\/_( ( g))
=—-2—-2i
ko ke
22. r = 2(6) or 12 0=-5+ (—g)
_ 2 m m
6 69
12(cos%+isin%):12 f—%z(%))
=6V3 + 6i
4
23.r= 1 or8 :5?“—%
2 _4m
-3
8(cos 43 + i sin 43) 8(—%+i(—§))
= —4-4V3i
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24.

=V(=-3)% + 32

"= NTTCD
—\/_0r3\/_

=V8or2V2
r=2V2(3V2) or 12

= Arctan (f%) + 2w = Arctan (%) +

_ _Im _ 37
T4 T4
o="" 4320
107
=74 O 735
12(cos § + i sin §) = 12(0 + i(1))
=121
25. 1 =V (V22 + (-V2)? r,=V(-3V2?2+ (-3V2)?
=V4dor?2 36 or 6
r=2-6or 12
V2 -3V2
0, AI'Ctan(ﬂ)‘f‘Z’lT 0, = Arctan(iS\@)
_ _ 5w
=1 =1
o="r+ 20
127
:TOI'T
12(cos w + i sin w) = 12(—1 + i(0))
=-12
26. 7, = V(V3)?2+ (12 ry,=V22+(-2V3)?
=V4or?2 =V16or 4
7:%01'%
_ -1 _ -2V3
6, = Arctan (%)4-217 027Arctan( )+2’1T
_ um _bm
6 =3
1m 5
0="¢ —75
_ Um 10w o
=76 T 6 Ty
1 .. 1/V3 1
5(0056 +lsmg)=§(T+l(§>>
=T3+ii
27.r, = V(-4V2)2 + (4V2)2 1, = V62 + 62
=V64or8 = V72 or 6V2
p=_8
6V2
__4 V2
3vV2 V2
V2 2Ve
T g
V2 _ 5]
0, = ?rctan (74\/§> +m 0y = Arctan (6)
= =7
3m ™
6="4 4
2 m
=4 ory
2205 T + i sin Z) = 2220 + i(1))
- 2,



29.

30.

13
3 — 9
ry=13 ro = V32 + (-2)2
=V13
— 13
r—\/ﬁor 13 ;
6,=0 0, = Arctan (—g)

~ —0.59
0 =0 - (—0.59) or 0.59
I ="V13(cos 0.59 + j sin 0.59) = 3 + 2j amps

z=%
100
Y
r; = 100 ro = V42 + (=3)?
=V25orb
r=%or20
6,=0 05 = Arctan (%3)

=~ —0.64

9 =0 — (—0.64) or 0.64
= 20(cos 0.64 + j sin 0.64)
= 16 + 12j ohms

Start at z; in the complex

plane. Since the modulus

. 21 .
of zy is 1, 2,29 and  will
2

both have the same

modulus as z;. Then z,z,

and 2—1 can be located by

.2 K

rotating z; by &

counterclockwise and

clockwise, respectively.

31a. The point is rotated counterclockwise about the

origin by an angle of 6.

31b. The point is rotated 60° counterclockwise about

32.

33.

the origin.

Since a = 1, the equation will be the form 22 + bz
+ ¢ = 0. The coefficient ¢ is the product of the
solutions, which is 6(cos %T + isin %), or

—3V3 — 3i in rectangular form. The coefficient b
is the opposite of the sum of the solutions, so
convert the solutions to rectangular form to do the
addition.

b [3gcos§/§+ isin %) + 2<cos 5% + isin 5%)}
(3 , 3Vv3. _\/— .

2 2
The\];gfore, the equation is 2% + [(—% + \/§) +
(222l + (-3v3 -3 =0.
r="V52%+ (—12)2 6 = Arctan (7?12) + 27

=V169or 13 =~ 5.11
5 — 12i = 13(cos 5.11 + i sin 5.11)

297

r= 5sec(0 - 06

rcos(t?—%ﬂ)=5
r(cosﬁcos%ﬁ+sinesin%)75=0

34.

—?rcos0+%rsin0—5=0

—%x#—%y—S:O

-V3x+y—-10=0

35.

x1b 23 1b

A

xlb

Prop

Since the triangle is isosceles, the base angles are

0 — 50

18
congruent. Each measures — 5 or 65°.
23 x
sin 50° ~ sin 65°
23 sin 65° = x sin 50°
23 sin 65°
sinsoc X

27.21 = x; 27.21 1b

cos 2x +sinx =1
1-2sin?x+sinx=1
2sin2x —sinx =0
sinx(2sinx—1)=0
sinx=0or 2sinx—1=0

36.

x=0° sinx=%
x = 30°
37. y = cos X
X = cosy
arccos x =y
38. BC=ED=BE=AF=CD =3
AB=FE =2
AC = AB + BC
=2+ 3o0rb
FD = FE + ED
=2+ 3o0rb

perimeter of rectangle ACDF =3 +5+ 3+ 5
or 16

perimeter of square BCDE = 4(3) or 12

16 —12=14

The correct choice is C.

Powers and Roots of Complex

38 Numbers

Page 602 Graphing Calculator Exploration

1. Rewrite 1 in polar form as 1(cos 0 + i sin 0).

Follow the keystrokes to find the roots at 1,
—0.5 + 0.87i, and —0.5 — 0.87i.

. Rewrite i in polar form as 1(cos % + i sin %)

Follow the keystrokes to find the roots at
0.92 + 0.38i, —0.38 + 0.92i, —0.92 — 0.38i, and
0.38 — 0.92i.

;)
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Pages 604-605
1.

. Rewrite 1 + i in polar form as \/§<cos % +

i sin %)

Follow the keystrokes to find the roots at 1.06 +
0.17i,0.17 + 1.06i, —0.95 + 0.49i, —0.76 —
—0.76i, and 0.49 — 0.95i.

. equilateral triangle
. regular pentagon
.Ifa>0and b = 0, then a + bi = a. The principal

roots of a positive real number is a positive real
number which would lie on the real axis in a
complex plane.

Check for Understanding
Same results, —4 — 4i; answers may vary.
QA+dA+dA+DA+DHA+10)

=1+ 2+ %1+ 2i + DA + i)

= (2021 + i)

= —4(1 + i)

= —4— 4

1+ 9>

~r=V20= %

V2 (cos 5)(T) + isin G)())

= 4\[<Cos + i sin 54 )

=4V2 (—A + l(—%))

—4 — 41

. Finding a reciprocal is the same as raising a

number to the —1 power, so take the reciprocal of
the modulus and multiply the amplitude by —1.

i

—a+ ai a+ ai
° at )

a—ai

. Shembala is correct. The polar form of a + ai is

a\/_<cos 4 T isin ) By De Moivre’s Theorem,
the polar form of (a + ai)?is 2a (cos 5 T isin 5).

. m . . . .
Since cos 5 = 0, this is a pure imaginary number.

=V(V32+ (-1)20r2 6= Arctan (%) or —

;S(cos @) () +isin@(-))
- fes () ()]

==80+1i(-1)

—8i

r=V32+ (=5)20r V34 6= Arctan (?)
~ —1.030376827

V344 (cos (4)(0) + i sin (4)())
—644 + 960i

Chapter 9
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7.r

10.

=\/mor1 g
1% (cos (%)( >+ i sm( ) g))
= 1(cos%+ ls1n§

~ 0.97 + 0.261

=V(=22+(-1D2or V5 0

Arctan <%> -
—2.677945045

U

V5 (cos (%)(9) +isin (3)(9))

= 0.82 — 1.02i
t+i=0-at=—i
Find the fourth roots of —i.
-2 12 — _ 3
r= 1 04+ (=1)* = = 1
(i)' = [1 (cos (37‘” + 2n~rr) + i sin (37‘" + 2n~rr))]Z
_ 3w + 4dnw . . 3m+dnm
= CcOoSs 3 + 1 sin A
X, = cos %ﬂ + isin %ﬂ ~ 0.38 + 0.92i
Xg = COS % +1 sin%Tr ~ —0.92 + 0.38¢
%3 = cos 5" + isin Tgr ~ —0.38 — 0.92i
x, = cos 12" 1%~ 0.92 — 0.38i
14 |0.38/+[0.92i
! C
—0.92 + 0.38i
=1 (0] 1R
o
0.92/ —10.38i
D38 - 002
T

203 +4+2i=0-x=-2—1i

Find the third roots of —2 — i.
=V(=22+(-12=V5 0= Arctan( )+1T
~ 3. 605240263

(-2 - l)2 = [\/_(cos ® + 2im) + isin (0 + 2mr))]

0 + 2nw . . 0+2
= (W) (cos + i sin 7%)

3
xlz(\/g)‘*’(cosg-i-lsm )—0474—1221

Xy = (VB) (cos"”“ i in0+32ﬁ)~—1.29—0.20i

1
= (VB)? (cos sin? +34“> ~0.81 — 1.02i
0.47 4+ 1.22i
) °

T
o —1 O R

—1.29 — 0/20/
f n’m 211,02




11. For w,, the modulus = (V 0.82 + (—-0.7%)2 or 1.13.
For w,, the modulus 1.132 or 1.28.
For w,, the modulus 1.282 or 1.64.
This moduli will approach infinity as the number
of iterations increases. Thus, it is an escape set.

Pages 605-606 Exercises
12. 33 (cos (3)(%) + i sin (3)(%))
=27 (cos% + isin%

= 27(0 + i(1))

= 27i

25 (cos (5)(T) + i sin (5)(F))
= 32 (cos 2 + i sin )
~o (1))

-16V2 — 16V2i

r=m=2ﬁ 6 = Arctan (%)=
@V2)(cos @) + i sin 3)(5))
=16V2 (cos % + i sin 2%)
~1ova (2 4 (L))
=16 + 161

PV (VAR =2

24 (cos (4)(%) + i sin (4)(%))
=16 (cos %ﬂ + i sin %T)
=16(—5 +i (—%))

-8 - 8V3i
F=VE 1 (6= 3V5

13.

T
14. e

15. 0 = Arctan (ﬁ) =

m
1 3

0 = Arctan (%6)
~ —1.107148718

(3V5)% (cos (4)(8) + i sin (4)(6))
—567 + 1944i

r=V22+32=V13

16.

17. 6 = Arctan (%)

~ 0.9827937232
(V'13)~2 (cos (—=2)(0) + i sin (—2)(9))
~0.03 — 0.07i

r=V22Z+42=29V5

0 = Arctan (%)
= 1.107148718

(2V'5)4 (cos (4)(6) + i sin (4)(0))
—112 — 384i

327 (cos (L)(%) + i sin (%)(%“))
= 2(cos % + i sin %)
~ 1.83 + 0.81i
NI o1
1i (cos (i)(’n’) + i sin <%)(w))
= cos % + i sin %

~0.71 + 0.71i

18.

19.

20. 0=m
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21.

22.

23.

24.

25.

26.

r:\/(—Z)le\/g 0:Arctan(%2> + @
~ 2.677945045

V5)" (cos (L)@ + i sin (3)®)
=0.96 + 0.761
r= \/m:\/ﬁ 6 = Arctan (%)

~ —(0.2449786631
VI (cos (2)@) + i sin (1) ®))
=1.60 — 0.13¢

r=V22+ 922 =2V2 0:Arctan(§>:%

@V (cos (5)(3) + i sin (5)(3)
= 1.37 + 0.37i

r=V(E=12%+ (-1 =\V2 0=Arctan(_—1)—ﬂ

-1
3w

1
V)" (eos (3)( ) + isin (3)(- 7))
=0.91 - 0.61i
P VT T 1 0
1 (cos (3)(5) + isin (3)(5))
=0.71 + 0.71i
W-1=0-a%=
Find the third roots of 1.
r=V1Z+02=1 6=0

1% = [1 (cos (0 + 2nm) + i sin (0 + 2nm)]*

'S

o
2

nw . . 2nw
=cosT+zs1nT

x;=cos0+isin0=1

o . . 2m 1 Vs,
xZ—cos3+lsm3—72+2l
B PPN L S S L P
X3 =cos 5 tisin—g =—5 PR
}
[ ]
T} M
[4 4
— (0] R
T
2 T rot!
® 14
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27.x° +1 - x°=—1
Find the fifth roots of —1.
=V(E=D2+02=1
(*1)% = [1 (cos (w + 2nm) + i sin (m + an))]%

™+ 2nw . . m+2nw
= CoS 5 +lSln75

0=m

x, =cos 3 +ising = 0.81 + 0.59i

3 . .3 .
Xy =cos 5 +isin 5 = —0.31 + 0.95

5 P
Xg=C08 5 +isin5 =—1

7 .7 .
X, = Cos ?ﬂ +1i sm?Tr = —0.31 — 0.95i

X5 = COS 9% + isin%qT =0.81 — 0.59i

)
1

=031+ 01957 | 10.81 & 0.59/

_ (@) 1R

031 5;-{—0.81 = 0.59

. ‘..1
28.2x4 - 128 =0 - 24 =64

Find the fourth roots of 64.
=V642 + 02 = 64 0=0

A

P2V2i

2

4

T

i~ Ve

=2V2 2V2
—3 -2 -1 o “3R

1

2

,912V2i

[

= [64 (cos (0 + 2nm) + i sin (0 + Znﬂ))]%
=2V2 (cos %T + i sin %)
:2\/_(0030 +isin0) = 2V2
—2\/_<cos 5 +isin )— 2V'2i
3:2\/_(cosw+ isinm) = — 2V2
Xy = 2V2 (cos 37“ + i sin 3%) = -2V2i
29. 3x*+48=0 - x*=-16
Find the fourth roots of —16.
V( 16)2 + 02 = 16 0=m

(- 16)4 = [16 (cos (mw + 2nm) + i sin (w + 2n1‘r))]

T+ 2nw . . + 2nw
=2 (cos 1 +isin™ 1 >

=2(cos4+zsm ) V2 + V2i
:2(0 3_+lSIIl4> -V2 +V2i
=2(005—+lsm4)= -V2 - V2i
o= 2

cos 4 + i sin 4) V2 - V2i

Chapter 9

300

30.

31.

V2 4+\2 V2 |+ V2 i
[ ] L)
1
_ O R
-1
[] ._
=VZ[=[V2 VZ[=[VZi

¥-Q+id)=0-xt=1+1i
Find the fourth roots of 1 + i.

r=Vi12+12=V2 0:Arctan(%>:§
1+ i)% = [\/§<cos <% + Znﬂ) + isin (% + 2nm )}

1
= (V2)' <cos - +1§mT +isin ™ +1§m>
11 Lol
—0.21 +1.07j
1.07+0.24
°
1 (@) R
—1.07 - 0.21j
.
[ol21 =107/
St

= (\/5)3' (cos 75 + i sin 1) = 1.07 + 0.21

= (\/5) <C % + i sin ?6)

= (\/_)i <cos 16 T isin %) = —1.07 — 0.21i
%= (V) (cos 22 4 isin 27) = 021 - 1.07i
26t +2+2V8i=0 - xt=-1-V3i
Find the fourth roots of —1 — V/3i.
0 =Arctan(%\{g) = % + 'rrorz%qT
(-1- \/_i)i

[ Cos =+ Zn'rr) + isin (%ﬂ + ZnTr))F

=27 <cos %)

X, = 2" (cos 1o T isin 1—;) =0.59 + 1.03i

-0.21 + 1.07i

+ isin

1
xp = 27 (cos 22 + i sin22") = ~1.03 + 0.59i
1
xy = 2" (cos 25 + i sin 227) = ~0.59 — 1.03i
1
x, = 2" (cos 2 + i sin &) = 1.03 — 0.59i
i
| [0.59]+1.03i
—1.034-0.59f
by ) TR
1.03 —0.80/
Y
~0.59 - 1.037




32.

33.

34.

35.

36a

36b.

37.

Rewrite 10 — 9i in polar form as

V181 [cos (tan_1 (I—SD + i sin (tan_1 (I—g)ﬂ
Use a graphing calculator to find the fifth roots at
0.75 + 1.51i, —1.20 + 1.18i, —1.49 — 0.78i,

0.28 — 1.66i, and 1.66 — 0.25i.

Rewrite 2 + 4i in polar form as

2V5[cos (tan~! (2)) + i sin (tan~! (2))].

Use a graphing calculator to find the sixth roots at

1.26 + 0.24i, 0.43 + 1.21i, —0.83 + 0.971i,

—1.26 — 0.24i, —0.43 — 1.21i, and 0.83 — 0.97i.
Rewrite 36 + 20i in polar form as

4\V106 [cos (tan_1 (%)) + i sin (tan_1 (%))}
Use a graphing calculator to find the eighth roots
at 1.59 + 0.10i, 1.05 + 1.19i, —0.10 + 1.59i,
-1.19 + 1.05i, —1.59 — 0.10Z, —1.05 — 1.19i,
0.10 — 1.59i, and 1.19 — 1.05i.

3

For w,, the modulus = < (%)2 + (Z)2>2 or 0.81.

For w,, the modulus = (0.81)2 or 0.66.

For ws, the modulus = (0.66)2 or 0.44.

This moduli will approach 0 as the number of
iterations increase. Thus, it is a prisoner set.

. In polar form the 31st roots of 1 are given by
2 . .2
cos%+ zsm%,n =0,1,...,30. Then
nw . .
a = cos —3; . The maximum value of a cosine

expression is 1, and it is achieved in this
situation when n = 0.

From the polar form in the solution to part a, we

get b = sin 2= b will be maximized when 2" is

as close to g as possible. This occurs when n = 8,
. . . 16w

so the maximum value of b is sin <7, or about

0.9987.

W—1=0-28=

Find the sixth roots of 1.

r=V1iz+02=1 6=0

; [1 (cos (0 + 2nm) + isin (0 + an))]%

15 =
nw .« . n_’n'
—COSS+ESH’13
x;=cos0+isin0=1
_ Ty 1_l+ﬁ-
X =COs 5 +ising =75 21\/_
2w . o 2m 1 V3.
x3—cos3+lsm3—72+2l
3 O
Xy, =cos 5 +isiny =—1
S ISP S B E P
X5 = €OS 5 isin 5 = —5 PR
—eos P 4 s ain 2T o L V3,
Xg = €OS 5 isin 5 =75 o 1
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38a.

38b.

39.

40.

41.

42.
43.

44.

The point at (2, 2) becomes the point at (0, 2).
From the origin, the point at (2, 2) had a length
of 2V/2 and the new point at (0, 2) has a length

of 2. The dilation factor is ﬁ.

2
24V | (2,2)
0,2)71\2Vv2
4 /
! ’
4 X
—2N-1"o 2
1
)
Va2

5 (cos 45° + i sin 45°)

= % (% + i sin (%))
=0.5+ 0.51

2
[g(cos 45° + i sin 45°)] = %(cos 90° + i sin 90°)
The square is rotated 90° counterclockwise and
dilated by a factor of 0.5.

The roots are the vertices of a regular polygon.
Since one of the roots must be a positive real
number, a vertex of the polygon lies on the
positive real axis and the polygon is symmetric
about the real axis. This means that the non-real
complex roots occur in conjugate pairs. Since the
imaginary part of the sum of two complex
conjugates is 0, the imaginary part of the sum of
all the roots must be 0.

r=23)or6 0:%4-%“
Tr 10m 11w
V5 =% 1T 76 0T g
6(cosn7w+ isinl%) = 6(73-1- l(—é))
=3V3 - 3i

(2 —5i) + (=3 + 6i) — (—6 + 2iQ)
=2+ (—=3) — (—6)) + (=bi + 61 — 2i)
=5-1

x=ty=-2t+7

cos 22.5° = cos (4750)

4 |1+ cos4b5°
- 2

1+ V2
= + 2
- 2
_ L [2+VE
T 4
_ 4 Y2+Ve
- = 2
Find B.
B =180° — 90° — 81°15'
= 8°45’
Find a.
o [
tan 81°15" = 28
28 tan 81°15' = a
181.9 = a
Chapter 9



Find c.
cos 81°15" = ZL—,8

o= 28
cos 81°15'
c=184.1

45. Let x = the number of large bears produced.
Let y = the number of small bears produced.

x = 300

y = 400 1000 4|
x +y=1200 1000 PO
fx, y) = 9x + 5y con (800, 400)
£(300, 400) = 9(300) + 5(400) 404 4

= 4700 2001 s X
f(800, 900) = 9390+ 5(900) Gpoof Tedo 110
£(800, 400) = 9(800) + 5(400)

= 9200

Producing 800 large bears and 400 small bears
yields the maximum profit.

0.20(6) = 1.2 quarts of alcohol

0.60(4) = 2.4 quarts of alcohol

12+24 _ 36 o
“e+4 ~ 100 36% alcohol

The correct choice is A.

46.

Chapter 9 Study Guide and Assessment

Pages 607 Check for Understanding
1. absolute value 2. Polar
3. prisoner 4. iteration
5. pure imaginary 6. cardioid
7. rectangular 8. spiral of Archimedes
9. Argand 10. modulus

Pages 608-610
11.

Skills and Concepts

12. 90°

90°

120° 60° 120° 60°
150° " 30° 150° 30°
0° o 0°
180° 5 180 2 34
(]
210° ‘Q 330° 210° 330°
240° °
240° P 300° 07T oe 300
13. T 14.
27 2 s
3 3
Sm s
6 6
0
& 2 3 4
i 1lm
6 6
4w S
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15. Sample answer: (4, 585°), (4, 945°), (—4, 45°),
(—4, 405°)
(r, 6 + 360k°)
- (4, 225° + 360(1)°) - (4, 585°)
- (4, 225° + 360(2)°) — (4, 945°)
(=1, 0 + (2k + 1)180°)
o (—4, 225° + (—=1)180°) - (—4, 45°)
- (—4, 225° + (1)180°) - (—4, 405°)

90°

T
60° 2m 2

120°

limagon rose

24. x = 6 cos 45° y = 6 sin 45°
e o)
=3V2 =3V2

(3V2, 3V?2)

25. x = 2 cos 330° y = 2 sin 330°
=27 -2(-3)
=V3 =-1

(V3,-1)



26. y =
V2 V2
- 2 - 2(})
=V2 =-V2
(V2, -V2)
27. x = 1 cos (%) y=1sin (%)
=0 =1
0, 1)
28. 7=V (-V3)2 + (=32 6= Arctan (:7\%) +
= \/ 2 or 2V3 = %T
29,7 - VETT R 6 = Arctan (2)
= V50 or 5V2 = %
30. r= \/( 3)2 + 12 0 = Arctan <%3> +
10 = 3.16 ~ 2.82
(3.16, 2.82)
31. r = V42 + 22 6 = Arctan <%)
=V20 = 4.47 =~ 0.46
(4.47, 0.46)
32. +VA2 + B2=+V22 + 12
=+V5
Since C is positive use — V5.
2 _ 3 _
~VET v =0
_ 2\f V5 . 3V5
cos ¢ = ,sin ¢ = D=5
¢ = Arctan <§>
=~ 27°

33.

Since cos ¢ < 0 and sin ¢ < 0, the normal lies in

the third quadrant.

¢ = 180° + 27° or 207°

p=rcos (0 — ¢)

37\5/5=rcos(0—207°)
+ VA2 + B2 =+ V32 + 12
=*+VI10

Since C is positive, use —V 10.
ix_L _LZO
Vior T vieY T Vio

__3Vio . _ V10 _ 2V10
cos ¢ = — m ,s1n¢>—fT,p—7
— 1
¢—Arctan<3>
=~ 18°

Since cos ¢ < 0 and sin ¢ < 0, the normal lies in

the third quadrant.

¢ = 180° + 18° or 198°

p=rcos (0 — o)
2V10
5

= rcos (f — 198°)
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

3=rcos<975)

0=rcos€cos%+rsin05in%—3

OZ%VCOSO-F%Y'Sina—?)
1., V3
0—2x+ 5 Y 3
0=x+\/§y760r
x+\/§y—6=0
4:rc0s<0+%>
0=rcos@cos%—rsin0sin%—4
0=0—-—rsinf —4
0=-y—4
O=y+4or
y+4=0
i10+i25:(i4)2'i2+(i4)6'i
=02 -+ @8-
=—-1+1
2+30)—(4—4i) =2+ (—4) + 3i — (—4i)
=—-2+1T
Q+T7)+(=3—-10) =2+ (=3) +(7i + (—1i))
= -1+ 61
i34 — 3i) = 4i3 — 3i*
=4(=i) — 3(1)
= -3 —4i
@—TN(—i+T7=—i2+ 14i — 49
1+ 14i — 49
= —48 + 14i
4+2 5+2
5-2 5-2 bH+2i
20 + 18i + 4i2
25 — 4i?
16 + 18i
29

4+2i _

5+i _ 5+l _1+\/§i
-V2i  1-V2 1+V2i
5+ 5V2i + i + V2i2

= 1 - 2i2
G- V2 + (BV2+ i

= 3
5-V2 , 1+5V2,
=T T3 ¢

r=WV2a2Z+ 22 0 = Arctan <%)
=V8or2V2 =

2V92 (cos % + i sin %)

r=V1%+ (-3)?

=V10
V10 (cos 5.03 + i sin 5.03)

o
4

0= Arctan< > + 2w
~ 5.03

45.r = V(=12 + (V3)2 0 = Arctan <7£f> +
=V4or?2 = 2%
2<cos 2?17 + i sin 2?17)
46.r=V( 62+ (42  0=Arctan(=5)+ 7

47. r =

=Vb2or2V13
2V'13 (cos 3.73 + i sin 3.73)

(—4)2 + (-1)? 6 = Arctan (:—D +

=V17 ~3.39
V17 (cos 3.39 + i sin 3.39)

~ 3.73
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48. r = V42 + 02 6=0
:\/1_60r4
4(cos 0 + i sin 0)
49. r = V(-2V2)2 + 02 0=m

=V8or2V2
2V/2(cos m + i sin )

50. 7 = V02 + 32 0="4
=V9ors3

T I
B(Cos g T ising

2(cos % + i sin %)
=2(¢+i(3))
=V3+i

53. r =4(3)or 12
12<cos %T + isin %T)

(-4 ()

= -6+ 6V3i
ku ku
54. r = 8(4) or 32 0=7+75
32(cos%ﬂ+isin%ﬂ) =%+%Tﬂor%ﬂ
Ve, . (V2
=322 +i (%))
= -16V2 + 16V2i
55. r = 2(5) or 10 0=2+0.50r2.5
10 (cos 2.5 + i sin 2.5)
~ —8.01 + 5.98i
56. r = > or 4 =%
™ . . 1'r T 10w m
4[cos (—5) + i sin (—5)] = — g OF —y
=4(0 + i(—1))
= —4i
6 3 ™ ™
57.r=4ory 0=5—-%
%(cos%Jrisin%) :3%7%“%
_3(1_ .(V38
=3 (2 t (T))
58. 1 =22 0r 0.5 6=15—0.60r0.9
0.5 (cos 0.9 + i sin 0.9)

~0.31 + 0.39
59.r=\V2Z+22=2V2  9=Arctan (%) =T

V)% (cos ®)(F) + i sin ®(T))
— 4096 (cos 27 + i sin 2)
— 4096

Chapter 9
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60. r= (VV3)2 + (-1)2=2

6 = Arctan _7; =—%
27 (cos (7)<—%) + i sin (7)(—%))

=128 (cos 77% + i sin 77?17>
— 198 (-2 +4(2))

= —64V/3 + 64i
6l.7r=V(-1)2+12=V2 0=Arctan<%1)+'rr
_ 37
=7
T

(V2)* (cos (@)(2F) + i sin (@)(%))

= 4(cos 3w + i sin 3m)

-4
62. 1= V(22 + (-2%2=2V2 6=Arctan (~2) + =
5m
=

@V2)? (cos @) + i sin 3)( )

=16V2 (cos P{’Tw +1i sinl‘%qT

C16vE (2 i (<))

=16 — 16i
63.r=V02+12=1

1i<cos <i)(%> + i sin <i)(

= cos % + isin %

=~ 0.92 + 0.38i
64. 7=V (V32 +12=2 0:Arctan<%):%
2/(eos (5)(5) + i:sin (5)(5))
2§<c0s <%) + isin <§>)
1.24 + 0.22i

3

U

Page 611 Applications and Problem Solving

65. lemniscate

66. r = V752 + 1252 0 = Arctan <%)
= V21,250 = 145.77 =~ 59.04°
(145.77, 59.04°)
67. reos(0-5)+5=0

rcos@cos%+rsin0sin%+520

rsinf +5=0
y+5=0
y=-5
E
68. 1=

50 + 180j
T 4+55
_ B50+180j 4-5j
4+5] 4-5§
200 + 4705 — 900j2
16 — 2552
1100 + 47052
41

26.83 + 11.46j amps

U



Page 611

la

1b.

2a.

2b.

Open-Ended Assessment

. Sample answer: 4 — 6i and 3 + 2i

(4 — 6i) + (3 + 2i) = (4 + 3) + (—6i + 2i)
=T7—-4i

No. Sample explanation: 2 — 3i and 5 — i also

have this sum.
2-3)+GB-10)=@@+5)+ (—3i+ (-0

=7—4i
Sample answer: 4 + i
E0=V4+12
=V17

No. Sample explanation: 1 + 4i also has this
absolute value.
E0=V12+ 42

=V17

Chapter 9 SAT & ACT Preparation

Page 613

1.

SAT and ACT Practice

Oa and 0b form a linear pair, so (b is
supplementary to Oa. Since [0b and [0d are
vertical angles, they are equal in measure. So Od
is also supplementary to Oa. Since Od and Of are
alternate interior angles, they are equal. So Of is
supplementary to Oa. And since f and (& are
vertical angles, (A is supplementary to Ca. The
angles supplementary to Oa are angles b, d, f, and
h. The correct choice is A.

. Draw the given triangle and draw the height h

from point B.

m
10

A (0

The answer choices include sin x. Write an
expression for the height, using the sine of x.

sinx == A=bh
8sinx = h = % (10)(8 sin x)
=40 sin x

The correct choice is B.

. Since PQRS is a parallelogram, sides P and SR

are parallel and mOQ = mOS = b.

In ASMO, ¢+ b+ a=1800ora = 180 — (c + b).
Also, x + a = 180 or ¢ = 180 — x since consecutive
interior angles are supplementary.

305

10.

180 — (¢ + b) = 180 — x
x=c+b
The correct choice is E.

. Volume = ¢wh

16,500 = 75 - w - 10 _

16,500 = 750w h=10ft

22 = w
=751t
The correct choice is A.
1 1 1 10
*+ 100100 ~ 10% T 100100 ~ 10100
-9
= 3510

The correct choice is A.

. Consider the three unmarked angles at the

intersection point. One of these angles, say the top
one, is the supplement of the other two unmarked
angles, because of vertical angles. So the sum of
the measures of the unmarked angles is 180°.

The sum of the measures of the marked angles
and the three unmarked angles is 3(180), since
these angles are the interior angles of three
triangles.
m(sum of marked angles) +

m(sum of unmarked angles) = 3(180)
m(sum of marked angles) + 180 = 3(180)

m(sum of marked angles) = 360

The correct choice is C.

. Subtract the second equation from the first.
5x2 + 6x =170
—5x? + 6y = 10
6x + 6y = 60

x +y =10, s0 10x + 10y = 100.
The correct choice is E.

. Since OB is a right angle, 0C is a right angle also,

because they are alternate interior angles.
In the triangle containing O0C, 90 + x + y = 180 or
x +y=90.
The straight angle at D is made up of 3 angles.
120 + x + x = 180

2x = 60 or x = 30

x+y=90
(30) +y =90
y =60

The correct choice is B.

. In the slope-intercept form of a line, y = mx + b,

m represents the slope of the line, and b
represents the y-intercept. Since the slope is

given as %, the slope-intercept form of the line is
y = gx + b.

Since (-3, 0) is on the line, it satisfies the
equation. 0 = %(—3) +b.S0b = g.

The correct choice is D.

Note that consecutive interior angles are
supplementary.

110 + 2x = 180 y +x =180

2% = 70 y + (35) = 180

x =35 y = 145

The answer is 145.
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Chapter 10 Conics

10-1 | Introduction to Analytic Geometry

Pages 619-620 Check for Understanding

1. negative distances have no meaning

2. Use the distance formula to show that the
measure of the distance from the midpoint to
either endpoint is the same.

3a. Yes; the distance from B to A is GT\/E and the

V5

distance from B to C is also GT

3b. Yes; the distance from B to 4 is Va2 + b2 and
the distance from C to A4 is also Va2 + b2.

3c. No; the distance from A to Bis Va2 + b2, the
distance from A to Cis a + b, and the distance
from B to Cis bV2.

4. (1) Show that two pairs of opposite sides are
parallel by showing that slopes of the lines
through each pair of opposite sides are equal.

(2) Show that two pairs of opposite sides are
congruent by showing that the distance
between the vertices forming each pair of
opposite sides are equal.

(3) Show that one pair of opposite sides is parallel
and congruent by showing that the slopes of
the lines through that pair of sides are equal
and that the distances between the endpoints
of each pair of segments are equal.

(4) Show that the diagonals bisect each other by
showing that the midpoints of the diagonals
coincide.

5.d=V(x, —x)%+ (% —y)?
d=V(G-52+ 11 - 1)2

d=V02+ 10
d="V100or 10
X, Xy ¥+ 5+5 1411
(122’122):( ’ 2)

= 5.6

6. d= \/(x2 — x2)2 + (yz - y1)2
d=V(-4-072%+ (-3 - 0)2
d=V(4?+ (-3

d=V25o0r5

Xt Ky Yty 0+ (-4 0+ (-3

(12 2’ 12 2)=( — ! )
= (-2, —1.5)

7.d=V[0 - (-2 + (4 - 2

d="V22+ 22

d="V8or2V2

x; +xy y; Tty —-2+0 2+4

(122’ 122):( 0 2)
=(-1,9)

Chapter 10

8. AB=V(xy, — x))2 + (y5, — y))>
=V(6- 32+ (2 - 42
=V13

slope of AB
Yo~ N1

T6-30r 73

DC = \/(xg —x1)2 + Oy _y1)2
= V(8- 5?2+ (7T- 92
=V13

slope of DC
Yo — V1

T8-50rT3
Yes;A__B E_D_C since AB = \/1_3£d DC2: V13,
and AB|| DC since the slope of AB is —5 and the
slope of DC is also —%.
9. XY = V(x, — x)% + (v, — y)?

=VI-1- (=3P + (-6 - 2

=V68or 2V17
XZ =V (xy — 2)% + (yy — y7)?

=VI[5 - (=32 + (0 - 2)?

= V68 or 2V17

Yes; XY = XZ, since XY = 2V17 and XZ = 2V/17,
therefore AXYZ is isosceles.

10a. y
D(c, a)
A0, )= —
S~ \E ,/”
by
B(0,0) _---~ TN~
[6) Cl(c,0) x

10b. BD = V(c — 0)2 + (a — 0)2
NET S
AC=V( =02+ (0 - a)?
NET S
Thus, AC = BD.
10c. The midpoint of AC is (é, %) The midpoint of
BDis (%, %) Therefore, the diagonals intersect

at their common midpoint, E(%, % . Thus,
AE = EC and BE = ED.

10d. The diagonals of a rectangle are congruent and
bisect each other.

11a. Both players are located along a diagonal of the
field with endpoints (0, 0) and (80, 120). The
kicker’s teammate is located at the midpoint of
this diagonal.
(x1+x2 Y1 +yz) _ (0+80 0+ 120)
2 0 2 2 0 2
= (40, 60)




11b. d = V(x, — x)% + (v, — y,)?

Pages 620-622
12.

13.

14.

15.

16.

17.

18.

d ="V(40 — 0)% + (60 — 0)2
= V402 + 602
= V5200

d = 20V13 or about 72 yards

Exercises
d =V, — %)%+ (y5 — y))?
d=V4- D2+ @3- 1)2

= V52 + 122
d=V169or 13
X txy Yt -1+4 1+13
(122’122):( ’ 2)

— (15.7)

d ="V~ x)? + (5 — y))?
d=V(-1-172%+ (-3 - 3?2

d = V40 or 2V10

<x1+x2 Y1 +y2) _ (1+(—1) 3+(—3)>

2 2 2 ’ 2
=(0,0)
d= \/(xz - x1)2 + (g — y1)2
d=V(0-82+ (8—-0)2

d=V(-8?2+ 8
= V128 or 8V2
(x1+xz y1+yz>_<8+0 8+0)
2 2 - 2 2
=(4,4)

d ="V, — %)%+ (y5 — y)?
d=V[5 - (=D +[-3 - (-6)]?
=Ve? + 32

d = V45 or 3\V'5
(x1+x2 y1+y2)_(—1+5 —6+(—3))
2 2 - 2 >
= (2, —4.5)
d=V(xy—x)2 + (y5 — )2
d=V (V2 -3V2)?2+[-1- (-5)2
d=V(@V2)?+ 42
d=V48or 4V3
<x1+x2 y1+y2>_<3\/§+7\/§ *5+(*1)>
2 2 - 2 ) 2
=(5V2, —3)

d= \/(x2 - xl)2 + (g — yl)2
d=Via—-a?+(-9-17)72
Vo
= V256 or 16
<x1+x2 y1+y2) _ (a+a 7+(—9)>

2 2 2 2

d="V(xy = x)? + (g — 3>
d=Vr—2—-6+n2+(s—s)?

d= VT
d="V6dor8

<x1+x2 y1+y2> (6+r+r72 s+s)

(*5*3)

r+2,s)
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19.

20.

21.

22.

23.

d ="V~ x)? + (g — y)?
d=V(e+2-02+(d—-1-d?

d=V22+ (—1)>2

d=V5

(x 1t Xy y1;y2>:(c+;+2,d+g—1)
=<c+1,d—%)

d= \/(xz - x1)2 + ()’2 - y1)2
d=Vw- w - 2)2+ (4w — w)?
d="V22+ (3w)?
d=V4+9w?or Vou? + 4

Xt X Y tY)  (w-2+w w+tdw
2 2 - 2 ’ 2

= (w -1, gw)
d= \/(x2 - xl)Z + (YQ - y1)2
20 = V(-2a — a)2 + [T — (—9)]2
20 = V(—3a) + 162
20 = V9a2 + 256

400 = 9a2 + 256

144 = 9a2
a2 =16
a=*V16or =4

Let D have coordinates (xy, y5).
4+x, —1+y, 5
(5257 =(-33)

At 1ty _ 5
g — 73 2 T2
4+ xy=-6 “1+y,=5
Xy = —10 Yo =06

Then D has coordinates (—10, 6).

Let the vertices
of the quadrilateral .

t-_D(@,2)
be A(727 3)7 B(72, 73)’ 1 4

1

1 1
h 4
"

C(2, —3), and D(3, 2). s
A quadrilateral is a ;oop ] X
parallelogram if one pair —__ 1 |

i i B(-3,-2) F~~e
of opposite sides are [cet -3

parallel and congruent.
AD and BC are one pair of opposite sides.

slope of AD slope of BC
_ Y2 TN _ VTN

m’_oczfac1 m_xzfxl
_ 2-3 _ -3-(-2)
= 3-(-2 =2 (=3
_ 1 __1
5 T 5

Their slopes are equal, therefore AD || BC.
D=V(x,— x)%+ (y5 — 1)

= VB - (2P +@- 372

= V52 + (-1)

='V26
BC = \/(xz - x1)2 + Oy — y1)2

=VI[2 - (-3 + [-3 - (-2)2

= V52 + (-1)?

= V26 L L
The measures of AD and BC are equal.
Therefore AD = BC. Since AD || BC and AD = BC,
quadrilateral ABCD is a parallelogram; yes.
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24.

25.

26.

217.

Let the vertices of the
quadrilateral be

A4, 11), B(8, 14),
C(4, 19), and D(0, 15).

y
20 E(“, 19)
e AN
1647 \
D(0, 15)$ %
i ) 121 "~ .7 B(8,14)
A quadrilateral is a b4

parallelogram if both A4, 11)
pairs of opposite sides
are parallel. 4
AB and DC are one pair . X
of opposite sides. -4 0Y 4 8 12
slope of AB slope of DC
Yo~ N Yo~ N
B Xy — X
_14-11 _19-15
8—4 4-0
= % =zorl

Since ABJ DC, quadrilateral ABCD is not a
parallelogram; no.

The slope of the line through (15, 1) and (-3, —8)
should be equal to the slope of the line through
(=38, —8) and (3, k) since all three points lie on the
same line.

slope through (15, 1) slope through (-3, —8)

and (=3, —8) and (3, k)
_y2_y1 _yz—yl
m_xz—xl m’_xz—x1
_ S8-1 k- (=8
- -3-15 T 3-(-3)
-9 1 k+8
T s 0ry = 6
k+ 8

1
e =30 k=-5
d ="V~ 2) + 0y — )
AB=V[-1- (-3 + 2V3 - 0)?
=V16or4
BC=V[1- (-] + (0 - 2V3)2
=V16or4
CA=V(=3-1)%+(0-0)?
=V16or4
Yes, AB = 4, BC = 4, and CA = 4. Thus,
AB = BC = CA. Therefore the points A, B, and C
form an equilateral triangle.
EF = \/(xz - xl)z + ()’2 - y1)2
=V@4-2?2+@4- 52
=V5
HG = \/(xg - xl)Z + Oy — y1)2
=V(E@-02+(0- 172
=V5
slope of EF
Yo~ 1
Xo T X4
T 420y
slope of FG

Yo — V1

m =

—

2-40T7
slope of HG
Yo — V1

x2 —xl

_0-1 1
T 2-00r Ty

EF = HG since EF = \V/5 and HG = V5.

m =

Chapter 10
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28.

29.

EF || HG since the slope of EF is —% and the slope
of HG is —%. Thus the points form a
parallelogram. EF 0 FG since the product of the
slopes of EF and FG, —% . %, is —1. Therefore, the
points form a rectangle.

Let A(0, 0), B(b, ¢), and C(a, 0) be the vertices of
a triangle. Let D be the midpoint of AB and E

be the midpoint of BC.

y
B(b, c)

Ola(o, 0 Cla, 0)X

. 0+b 0+c b ¢
The coordinates of D are ( 9 3 ) or (5’ 5).
. b+ +0 b+
The coordinates of E are ( 2 - ) ) or ( 3 4 é)

AC=V(a— 02+ (0—0)2
Z\/EOI'(Z

N O
HNE.

Since DE = éAC, the line segment joining the

3)2
2

midpoints of two sides of a triangle is equal in
length to one-half the third side.

In trapezoid ABCD, let A and B have coordinates
(0, 0) and (b, 0), respectively. To make the trapezoid
isosceles, let C have coordinates (b — a, ¢) and let
D have coordinates (a, c).

y

D(b— a, ¢) C(a, ¢)

o[ A(0,0) B(b,0) X

AC=V(a— 02+ (c—0)0?

N

BD=V(b—a-b?+ (- 0>

Va? + &2

AC=Va® + 2 =Va2+ ¢ = BD, so the
diagonals of an isosceles trapezoid are congruent.




30.

31.

In AABC, let the vertices be A(0, 0) and B(a, 0).
Since AC and BC are congruent sides, let the third

vertex be C<%, b). Let D be the midpoint of AC
and let E be the midpoint of BC.

y c(, o)

B(a, 0) X

a
§+0

The coordinates of D are: < O b J2r 0> or (%, %)

a
2+a

. b+0 3a b
The coordinates of E are: ( o s ;r > or (Ta, 5).

A= (-0« (5 0) -3+

BD=J(a- 2 + (04 = 1% + o2

Since AE = BD, the medians to the congruent
sides of an isosceles triangle are congruent.

Let A and B have coordinates (0, 0) and (b, 0)
respectively. To make a parallelogram, let C have
coordinates (b + a, ¢) and let D have coordinates
(a, c).

b2

y
D(a, c) Cla+ b, c)
S -7
N -~
N -
N P
N
’v
- N
- N
e S
- N
e N
O]A(0,0) B(b, 0) X

. . = . b 0 b
The midpoint of BD is (a; , ;C> or (a; ,%)

. . vl a+b+0 c+0 a+b ¢
The midpoint of AC is (T, 3 ) or ( o 5).
Since the diagonals have the same midpoint, the
diagonals bisect each other.
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32.

Let the vertices of quadrilateral ABCD be A(a, e),
B(@, /), C(c, g), and D(d, h). The midpoints of AB,
BC, CD, and DA, respectively,

a+b e+f b+c f+g
areL( PRI ), TR >
c+d g+h at+td et+h
N(z,z),andP(z,z)
y , B(b, 1)
Ala, e)
,/
(0]
P \\\
D(d, h)
+g e+f
—_— 2 72 g—e
The slope of LM is 557 (+5 OF .4
2 T 2
e+th g+h
—_— 2 2 e—g
The slope of NPis 77 o5 q OF 5 .-
2 T 2
These slopes are equal, so LM || NP.
f+g g+h
—. 2 T 2 —h
The slopeof MNis 535 3 a orlivd.
2 T 2
e+ h e+ f
57 - 2 2 h —
Theslopeof PLis w57 a3 ord7£

These slopes are equal, so MN | PL. Since
LM || NP, and MN || PL, PLMN is a parallelogram.

33. Let the vertices of the y

rectangle be A(—3, 1), B T
B(la 3)! C(39 _1)a and ,"\;-
D(1, —3). Since the area Al I
of a rectangle is the length —— ey :\:\ —
times the width, find the oo
measure of two consecutive | N
sides, AD and DC. | %)
AD = \/(xZ - x1)2 + (g — y1)2

= VL= P+ (-3 -1

=V42 + (-4)?

=V32or 4V2
DC = Vix, = 1) + (= )’

=VE -1+ [-1- (=3P

=V22+ 22

=V8or2V2
Area = (w

= (4V2)(2V?2)
=16
The area of the rectangle is 16 units?.
34a. Wy
I U
I al
-20 ~10 |O 10 0| 3 X
—15 |
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36b.

34b. The two regions are closest between (—12, 12)

and (31,0).
d= \/(xz - xl)2 + vy — yl)2
=V[31 - (-12)]2 + (0 — 12)2
Vg (~12?
="V1993 or about 44,64
The distance between these two points is about

44.64 pixels, which is greater than 40 pixels.
therefore, the regions meet the criteria.

35. Let the vertices of the isosceles trapezoid have

the coordinates A(0, 0), B(2a, 0), C(2a — 2c, 2b),
D(2¢, 2b). The coordinates of the midpoints are:
P(a, 0), Q@(2a — ¢, b), R(a, 2b), S(c, b).

y
D(2c,2b) R C(2a— 2c,2b)
7 N
7 ~
4 N
7 N
7 N\
e AN
5 Q
N v
N\ 7
AN e
AN 7
N\ 7
AN 7
N 4
ot
olam,0) P B(2a, 0)X

PQ=V2a—c—a?+ (b - 0)?>
=Vi(a — c)? + b2

QR=V2a—c—a)?+ (b - 2b)?
=Vi(a — c)3 + b2

RS =V(a—¢)%+ (2b — b)?
V= oF

PS=V(a—-c?+ (0 - b)>
V= F

So, all of the sides are congruent and

quadrilateral PQRS is a rhombus.

36a. distance from fountain to rosebushes:

d= \/(xz - xl)z + (.YQ - y1)2
d=V[1 - (-3)2+ (-3 - 22
d = V41 or 2V/41 meters
distance from rosebushes to bench:
d ="V, —x)2+ vy — y)>
d=VE-12+[3-(-3)2

d = 2V10 or 4V'10 meters
distance from bench to fountain:
d=\V, = x)” + 05— )
d=V(-3-23)2+ (2 - 3)2

d = V37 or 237 meters

Yes; the distance from the fountain to the
rosebushes is 2V/41 or about 12.81 meters. The
distance from the rosebushes to the bench is
4V10 or about 12.65 meters. The distance from
the bench to the fountain is 237 or about
12.17 meters.

The fountain is located at (=3, 2) and the
rosebushes are located at (1, —3).

(x1+x2 y1+y2) _ (—3+1 2+(—3))
2 2 - 2 2

()
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37a

37b.

38.

39.

40.

41.

42.

43.

44.

. Find a representation for MA and for MB.
MA = V2 + (3t — 15)2
= V12 + 912 — 90t + 225
=V10¢? - 90t + 225
MB=V(t - 92+ (3t — 12)2
= V2 — 18t + 81 + 92 — 72t + 144
= V10¢2 — 90t + 225
By setting these representations equal to each
other, you find a value for ¢ that would make the
two distances equal.
MA = MB
V102 — 90t + 225 = V10£2 — 90t + 225
Since the above equation is a true statement,
t can take on any real values.
A line; this line is the perpendicular bisector of
AB.
r=VaZ+ b? 6:Arctan§
=V (-5)2 + 122 = Arctan 1—2
=V169or 13 ~ —1.176005207
(=5 + 12i)% = 132 [cos 26 + i sin 26]
= —119 — 120
If v = (115, 2018, 0), then

(FO= V1152 + 20182 + 02

= V4085549 or about 2021

The magnitude of the force is about 2021 N.
1
1+ sinx 1—sinx
(1 —sinx) + (1 + sinx)
(1 + sin x)(1 — sin x)
2

2 4 2
2sec”x X T o

2 secZx 2

2 secZx 2

 cos?x

2 secZx 2

2 sec? x = 2 sec? x

s=rb
11.5 = 120
0= %radians
12 <5400
sin 390° = sin (390° — 360°)
=sin 30° or
22— 82=-14
22— 82+16=-14+ 16
z—4%2=2
z—4==V2
z=4+V2
¥ =16
x=*+V16or +4
y*=4
y = V4 or +2

Evaluating (x — y)2 whenx =4 andy = —2
results in the greatest possible value, [4 — (—2)]2
or 36.

10-2

Circles
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2. Sample answer: (x + 4)2 + (y — 9)%2 = 1, 9. 202 + 292 — 20x + 8y + 34 =0

x+492+ G —-9%2=2,x+49>+ (y—92=3, 2x% — 20x + 2y% + 8y = —34
x+492+ (3G —-9%2=4,@x+92+ (@ —-9%2=5 2(x2 — 10x + 25) + 2(y3 + 4y + 4) = —34 + 2(25)
3. Find the center of the circle, (A, k), by finding + 2(4)
the midpoint of the diameter. Next find the 2(x — 5)2 + 2(y + 2)% = 24
radius of the circle, r, by finding the distance (x =52+ (y+22=12
from the center to one endpoint. Then write y RN
the equation of the circle in standard form as Ny !
(x — h)2+ (y — k)2 =r2 / N
4. The equation x2 + y2 + 8x + 8y + 36 = 0 written o X
in standard form is (x + 4)2 + (y + 4)2 = —4. ), 5.29)
Since a circle cannot have a negative radius, the /
graph of the equation is the empty set. N
5. Ramon; the square root of a sum does not equal (5/ —2v3]92)
the sum of the square roots.
6. (x — h)2+ (y — k)2 =r2 10. x2+y2+Dx+Ey+F=0
(x— 02+ (y — 0)2 = 92 02+ 02+ D) + EQ)+ F=0
x? + y2 =81 42 + 02+ D) + E0) + F=0
02442+ D0) + E4) + F=0
Y F=0 F=0
P L 4D+ F=-16 0 D= —4
4E + F = —16 E=—-4
0 ¥2+y2 —4x—4y=0
o) X W —dx+4+)y2—4y+4=0+4+14
x—22+(@y—-22%2=8
. » center: (h, k) = (2, 2)
™ = radius: r2 =
(6,79 r=V8or2V2
11. ¥2+y2+Dx+Ey+F=0
7. (—h2Z2+ @y -—kZ2=r2 12+32+D(1)+EB)+F=00 D+3E+F=-10
[x— D+ @ -4*=[8-(-D]? 52+ 52+ D(5) + E(G) + F=00 5D+ 5E + F= —50
@+ 12+ @ -4*=16 52+ 32+ D(5) + E@B)+ F=00 5D+ 3E+ F=—34
(=1, 8)LY D+3E+F =-10
P . (—=1)(BD + 5E + F) = (—1)(—50)
) AN —4D - 2E =40
=i 5D+ 5E + F = —50
’ 34 (—=1)(5D + 3E + F) = (—1)(—34)
2K = —16
\\\ /// E = -8
—4D — 2(—8) = 40
o x —4D = 24 (—6) + 3(-8) + F = —10
8. 22+ y2 —dx+ 14y —47=0 D=-6 F=20
X2 —4dx+4+y2+ 14y + 49 = 47 + 4 + 49 x2+y%—6x— 8y +20=0
(x—2)2+ (y + 7% =100 22 —6x+9+y2—8 +16=-20+9 + 16
(x—32+(y—4)2=5
VA 19 3 ) _
4 center: (h, k) = (3, 4)
pd ~No radius: r2 = 5
4 @) \ X r= \/5
/ \ 12, @-h2+ @ —k2=12
*(18/ )| o2 7) [x = (2P + @ -1 =72
x+22+@—-12=r2
\ / 1+22+(B-12=r?
N / 25 = r?
™ - x+22+(@—-12=25
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13. midpoint of diameter:
<x1 X 0 +y2) _ (72 +10 6+ (—10))

2 5 2 - 2 ’ 2
=4, -2
radius: 7 = V(x, — x))% + (yy — 1)

=V[4 - (2P + [6 - (-2
=162 + 82
= V100 or 10
x—h2+ @ —-k2=r2
(x— 492+ [y — (-2)]% = 102
(x — 42 + (y + 2)2 = 100
14. (x — W2 + (y — k)2 = r?
(x — 0)2 + (y — 0)2 = (1740 + 185)2
x? + y% = 19252

Pages 627-630 Exercises
15. (x — )2+ (y — k)2 =12
(x — 02+ (y — 0)2 = 5
x2 +y2 =25

VA0, 5)

16. (- h?2+ (y— k)2=r2
[x — (=% + (y — D2 = (V3)?
(x+4)2+@y-72=3

™ y
(=4, 1)
\\\“/// =44V g, 1)
(—4,7—-VB)
oy Ix
17. (x—h?+ @y —k?2=r?

S

o= 0P+ Iy = 312 = (5)
@+ 12+ (y + 3)% =%

y
(0] X

(_1’ =6 '2"

Chapter 10
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18.

@ —h2+ @ —k2=r2

(x+ 52 +y2="

- B+ - 02 = (3)

81

y
)
//_..\
=50
(Laa\ay || [ /O] [x
\ z"&l_l/

19. (x — )2 + (y — k)% = r2
(x—62+(@—-1%2=62
(x—6)2+ (y—1)2=236

20.

21.

22.

y
16, 7) T
i AN
/ N
/ \
(0, 1) (6,1)
lo) X
\ /
\\ /
N A
N A
x— B2+ (y — k)2 = r2
x=32+[y— (=22 =[2- (-2
(x—32%+ (@ +22=16
y4 (B,2)
,/ \\
/ N\
(@) X
(8,~2)
N (7y=2)/
N V
36 —x2 =52 }’( )
2 2 _ ,
x“ +y 36 % ~C
/ el o
(610)
o X
\| /
N A
x2+y2+y:% y
Ryt y=gtg (0,2)
2 1)2 _ ZARN
x +(y+2) 1 p ,,\O ¥
W2l (11 —1)
N VANEILL




23. 22+ y2 —4x+ 12y +30=0
x2—4x+4+y2+ 12y +36=-30+4 + 36

x—22%2+@+62=10

y

0] X
(2, =6+ V10

/] N
(2] —6)
(21+1/10] £6)

N ¢ 74 7

24, 202+ 292 + 2 — 4y =—1

2x2 + 2x + 2y2 — 4y = -1
2(x2+1x+i)+2(y2—2y+1):—1+2(§)+2(1)
2<x+%>2+2(yf 12 =
(x+2) +o-12=

oo bo e

S

1)

N =

| TN

3) 1O X
JJ

25. 6x% — 12x + 6y% + 36y = 36
6(x2 — 2x + 1) + 6(y2 + 6y + 9) = 36 + 6(1) + 6(9)
6(x — 1)2 + 6(y + 3)2 =96

x— 12+ (y+3?2=16

y
i \‘
/ 1O NI
(1, +3
(38.1-3)
\\ (1l =7) //
N )

26. 16x2 + 16y% — 8x — 32y = 127

16x% — 8x + 16y2 — 32y = 127

16(x2 — 3x +75) + 1602 — 2y + 12 = 127 + 16(55)

+16(1)
16(x - i)z +16(y — 1)2 = 144
(x-2) +6-12=9

12 TR

‘T,I}I

A N |

N/

[[3-1)le Y

NG )
(@) J 1x

AN _ Vv
(1] _b)
\'4 J

313

217. X2+ y2 + 1dx + 24y + 157=0
X2+ 14x + 49 + y2 + 24y + 144 = —157 + 49 + 144

(x+ 7%+ (y+12)2 =36

y
o] X
(+7] 70)
AT TN
4 N
[ RELSVELL
\[(47,=h2) [T
N /
N v

28. > +y?+Dx+Ey+F=0
02+ (-1)2+D(0) + E(-1)+ F=00
-E+F=
(=32 + (=22 +D(-3) + E(-2) + F=00
-3D-2E+F=-13
(=62 + (-1)2+D(-6) + E(-1) + F=00
-6D - E+ F=-37

-1

- E+F =-1
(—1)(=3D — 2E + F) = (—1)(—13)
3D+ E =12
-3D-2E+F =-13
=D(=6D—- E+F) = (-1)(=37
3D- E =24
3D+ E =12 36) + E = 12
3D — E = 24 E=-6
6D =36
D=6 —(-6)+ F=—-1
F=-17

x2+y2+6x—6y—T7=0
2+6x+9+y2—6y+9=7+9+9
(x+3)2%+(y—32=25
center: (h, k) = (=3, 3)
radius: r2 = 25
r=V2or5
x> +y2+Dx+Ey+F=0
72+ (-1)2+D7) +E-1)+F=00
7D —-E+ F=-50
112+ (=52 + D11 + E(-5) + F=00O
11D — 5E + F = —146
32+ (=52 +D@B) + E-5+F=00
3D -5E+ F=—-34

29.

D— E+F =-50
(-1)(11D — 5E + F) = —1(—146)
—4D + 4E =96

11D - 5E+F = —146
(-1)(3D — 5E + F) = —1(—34)

8D =12
D=-14
—4(—14) + 4E = 96
4E = 40 7(=14) — (10) + F = —50
E=10 F =58

x2 + y2 — 1dx + 10y + 58 = 0
x2 — 14x + 49 + y2 + 10y + 25 = —58 + 49 + 25
x—72+@+52=16
center: (h, k) = (7, —5)
radius: r2 = 16

r=V16or4
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30. ¥2+y2+Dx+Ey+F=0
(-22+ 72+ D(-2)+ E7+F=00
—-2D + 7E + F= —53
(=92 + 02+ D(-9) + E0) +F=00
-9D + F= -81
(—=10)2 + (=5)2 + D(—10) + E(-5) + F=10O

—10D — BE + F= —125

~2D +7E + F = —53
E=D(=9D + F) = (=1)(=81)
D+ 7E =28

D+E=4
~10D ~ 5E + F=—125
(=D(=9D +F) = (D=8
—-D-5E = 44
~D - 5E = —44
D+ E=4
—4E = —40
E =10
D+ (10) =4
D=-6
~9(—6) + F= 81
F=-135

x2 +y2 — 6x + 10y — 135 = 10
¥2—6x+9+y2+ 10y +25=135+9 + 25
(x — 32+ (y + 5)% = 169
center: (h, k) = (3, —5)
radius: r2 = 169
r=V169 or 13
x> +y>+Dx+Ey+F=0
(=22 +32+ D=2 +EB) +F=00
—-2D+3E+ F=-13
62+ (=52 + D@®) + E(-5) + F=00
6D — 5E + F= —61
02+ 72+ DO)+EMN+F=00

31.

TE + F = —49
—2D+3E+F = —13
(-1)(6D — 5E + F) = (—~1)(—61)
—8D + 8E — 48
“D+E=6
6D— SE+F = —61
DAE + F) = (=1)(=49)
6D — 12E - 12
D—-2E=-2
-D+ E=6
D—-2E=-2
“E-4
E=-4
D—2(—4)= -2
D=-10
7(—4) + F = —49
F=-21

22 +y2—10x—4y —21=0
¥2—10x+25+y2 -4y +4=21+25+4
(x =52+ (y—2?2=50
center: (h, k) = (5, 2)

radius: r2 = 50

r=V50o0r 5V2

Chapter 10
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32. ¥2+y2+Dx+Ey+F=0
42+ 52+ D4)+ EG)+ F=00
4D + BE + F = —41
(=22 + 32+ D(-2)+ EB)+F=00
—-2D+3E+ F=-13
(=42 + (=32 +D(-4) + E(-3) + F=00
—4D-3E+ F=-25

AD+5E+ F = —41
(—1)(—=2D + 3E + F) = (~1)(—13)
6D + 2F E—)

3D+ E=—14

4D + BE + F = —41
(=1)(=4D — 3E + F) = (—1)(—25)

8D+8E  =-16
D+E=-2
3D+E =—14
DD+ E)=(=1)(=2)
2D =-12
D=-6
—6+E=-2
E=4
—2(—6) +3(4) + F=—13
F=-37

x2+y2—6x+4y—37=0
¥+ 6x+9+y2+4y+4=37T+9+4
(x—32%+ (@ +22=50
center: (h, k) = (3, —2)
radius: r2 = 50
r=V50o0r 5V2
x>+ y?2+Dx+ Ey+F=0
12+42+ D)+ E4) + F=00
D+ 4E + F=—-17
22+ (-1)2+D@Q)+ E(-1)+F=00
2D—-E+ F= -5
(=32 + 02+ D(-3)+EO0)+F=00
-3D+ F=-9

33.

D+4E+F
(-1)@D - E+ F)
—D + 5E

D+4E+F

(=D(=3D + F)
4D + 4E
D+E=-2

—D +5E = —12
D+ E=-2
6E = —14
E=—1
D+(-7)=-2
1
D=3
—3(3) +F=-9
F=-8
x2+y2+Dx+Ey+F=0
x2+y2+%x—%y—8=0

-17

= (1(=5H)
-12

-17
D=9
-8

9 1 1 9 1 49 _ 149
¥+ gxt g Ty 3Vt 3 =81 36T 56

(3 + (-3 =%

18



34.

to
|

35.

36.

37.

38.

center: (h, k) = (_é’ %)

169

radius: 7 = 3
.o [169
~ Vs
13 13V2
T2 % e

x>+ y2+Dx+Ey+F=0
02+ 02+ DO) + EO0)+ F=00
F=0
(2.8)2+ 02+ D(2.8) + EO0)+ F=00
2.8D+ F=—17.84
G2+ 22+ DGB)+EQ +F=00
5D + 2E + F = —29

2.8D+0=-17.84 5(—2.8) + 2E + (0) = —29
2.8D = —17.84 2E = —-15
D=-28 E=-75

x2+y2—28x—75y+0=0
2.8x+ 1.96 + y2 — 7.5y + 14.0625 = 1.96 + 14.0625
(x — 1.4)%2 + (y — 3.75)% = 16.0225
or about (x — 1.4)2 + (y — 3.75)2 = 16.02
(x—h)2+ @y —k2Z=r2
[x— (—9]* + (@ - 3)2%=r?
x+42+@—-32%=r?
O+ 42+ 0~—32=r2
25 = r2
(x+42+(y—-32=25
(x—h)2+ @ —k2Z=r2
(x— 22+ (y — 3)2=r2
(5— 22+ (6—3)2=r2
18 = r2
(x—22+(y—3?2=18
midpoint of diameter:
<x1 X o0n +y2) _ (2 +(=6) 3+ (—5)>
2 > 2 2 ’ 2
=(-2,-1)
r= \/(ac2 —x)? + (g — y1)?
=V(-2-22+(-1-3)2
=132
@x—h2+y—k?2=r>2
[x— (-2)2 + [y - (-1)2 = (V32)
(x+ 22+ (y +1)2=32
midpoint of diameter:

<x1+x2 y1+y2)_<73+2 4+1)
2 2 - 2 2

~(-33)
r=V(x, —x)%+ (v — y)2
ERDR )
= )
-
2
boBpe o
[~ (D -3 = ()
7

(e -2

2

2

39. (x — )2+ (y — k)2 =12
(x—5)2+ (y — 1)2 = r2
x+3y=-2
x+3y+2=00A=1,B=3,andC=2
Ax, + By, + C
’"=‘ *VA? + B? ‘
@G + G)D) + 2
‘ -V1Z+ 82 ‘
10
v
(= 52+ (= = (VI0)
@=52+ (- 1*=10
40. center: (h, 0), radius: r = 1
(x—h)2+ @y —k2Z2=r2
2 2
(Fnf (2 -of =
—5—\/§h+h2+§=1
h2—-V2h=1-1
h(h—\/§)=0
h=0orh=V2 )
@02 +G-07=1 (v= V2] +0-02=
2
x¥2+y2=1 or (x—\/§> +y2=1
41a. (x — h)2 + (y — k)2 = r2
12\2
- 02+ -02=(2)

x2+y2=36
41b. x2 + y2 = 36
yQ=36—x2
y=*+V36 — &2

dimensions of rectangle:

2x by 2y O 2x by 2V 36 — &2
41c. A(x) = 2x<2\/ 36 — x2)
= 4xV36 — x2

41d.

[0, 10] scl:1 by [0, 100] scl:20

41e. Use 4: maximum on the CALC menu of the
calculator. The x-coordinate of this point is about
4.2. The maximum area of the rectangle is the
corresponding y-value of 72, for an area of

72 units?.

r—

42a.

[—15.16, 15.16] scl:1 by [—5, 5] scl:1
42b. a circle centered at (2, 3) with radius 4
42¢. (x — 22+ (y — 3)2 =16
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42d. center: (h, k) = (—4, 2)
radius: r2 = 36

r=\V36or6
[DRAW] 9:Circle([-] 4 [,] 2 [] 6

=

[—15.16, 15.16] scl:1 by [5, 5] scl:1
43a. (x — h)2 + (y — k)2 = r2
24\2
(- 02+ (- 02= (%)
x2 +y2 =144

43b. 2?2 +y2=6.250 r,2 = 6.25
ry =Ve6.25o0r2.5
If the circles are equally spaced apart then
radius r, of the middle circle is found by adding
the radius of the smallest circle to the radius of
the largest circle and dividing by two.

ry = % or 7.25

areaof _  areaof area of

region B~ middle circle smallest circle
= mry? — ar,?

™ (r22 — r12)
=7 (7.252 — 2.5%)

= 1 (46.3125) or about 145.50
The area of region B is about 145.50 inZ.

44.

2+y2+Dx+Ey+F=0
22+12+DQ +EQ)+F=00
2D+ E+F=-5
524+ (-1)2+DGB)+ E(-1)+F=00
5D - E+ F=-26
122 + 32+ DA2) + EQ)+ F=00
12D + 3E + F = —153
2D+ E+F =-5
=DGBD - E+F) = (=1)(=26)
—3D + 2E =21
2D+ E+F =-5
(—1)(12D + 3E + F) = (—1)(—153)
—10D - 2E =148
—3D + 2E = 21
—10D — 2E = 148
—13D =169
D=-13
-3(—13) + 2E =21
2E = —18
E=-9

Chapter 10

2(-13) + (-9) + F= -5
F=30
¥2+y2—-13x—9y+30=0
x2— 13x+42.25 +y2 — 9y + 20.25 = —30 + 42.25 + 20.25
(x — 6.5)2 + (y — 4.5)2 = 32.5
45a. (x — h)2 + (y — k)2 = r2 y = x|”
(x — kB2 + (y — k)2 = 22

AN

— E)2 —k2=4 AL X
(= B2+ O — by A
45b. (x — 12+ (y — 1)2 =4 A%
x—02+ @y -02=4 /J/ X
2 2 — ,
x+1D2+(@y+1)2=4 \¢ v

»

45¢. All of the circles in this family have a radius of 2
and centers located on the line y = x.

46a. (x — h)2+ (y — k)2 =r2
(x—0)2+ (y — 0)2 = 142

x2 + y2 =196
y2 =196 — 2
y=*V196 — x?
y=V196 — x2

46b. No, if x = 7, then y = V147 = 12.1 ft, so the
truck cannot pass.
47, 2 +9y2—8x+6y+25=0
¥2—8x+16+y2+6y+9=-25+16+9
x—4)2+(@y+32=0
radius: 72 = 0
r=V0or0
center: (h, k) = (4, —3)
Graph is a point located at (4, —3).
48a. (x — h)2 + (y — k)% = r2
(x—0)2+ (y — 0)2=r2

2+ yz =72
(475)2 + (1140)2 = r2
1,525,225 = r2

x2 + y2 = 1,525,225
48b. r? = 1,525,225
r= V1,525,225 or 1235
A=mr?
= 1 (1235)2 or approximately 4,792,000 ft2

25002 — 4,792,000
~ 5002 — 0.23328
about 23%

y—4

49a. PA has a slope of =5 and PB has slope of
y+4 _ = y—4 y+4
If PA O PB then

48c.

x+ 3 x—3 x+3
y—4 yt+4
¥x—3 x+3 -1
y2 - 16
2-9
¥ —-16=-22+9
X2+ y2 =25
49b. If PA O PB, then A, P, and B are on the circle
x2 + y2 = 25.

50. d =V (x, — x)% + (yy — ¥
d=V(-2 - 42+ [6 - (-3)2

Q=N (o7t 5
d=V117



51. (2 +i)(3 — 4i)(1 + 2i) = (6 — 8i + 3i — 4i2)(1 + 2i)

= [6— 8i + 3i — 4(—1)](1 + 2i)
= (10 — 5i)(1 + 2i)

=10 + 20i — 5i — 10i?

=10+ 20i — 5i — 10(~1)
=20+ 15i

y=tvOsin 6§ — égt2

y = 1(60) sin 60° — 5(32)12

y = 60t sin 60° — 16¢2

x = 60(0.5) cos 60° y = 60(0.5) sin 60° — 16(0.5)2
x =15 y = 21.98076211

15 ft horizontally, about 22 ft vertically

A=§or2.5

20=27qT and kI;T—O
y = A cos (kt)

y = 2.5 cos %t

x =t Ocos 0
x = t(60) cos 60°
x = 60t cos 60°

52.

53.

s=é(a+b+c)
(15 + 25 + 35)

=37.5
k=Vs(s— a)s — b)s— o)
=V/37.5(37.5 — 15)(37.5 — 25)(37.5 — 3.5)
=V26,367.1875
~ 162 units?

v = \/v%+64h

95 = V152 + 64h

952 = 152 + 64h

h= 95% — 152

64

h =137.5ft
y=06x*—3x2+1
b=6a*—3a2+1
x-axis: (x, y) = (a, —b)
—b=26a*-3a%2+ 1;no
y-axis: (x, y) = (—a, b)
b=6(-a)*—3(-a)?+1
b = 6a* — 3a2 + 1; yes
y=x(xy = (b, a)
a = 6b*— 3b%+ 1;n0
origin: f(—x) = —f(x)
(%) =6(—0)*—3(—x)2+1 —flx)=—(6x*—3x2+1)
f(—x)=6x*—3x%2+1 —flx)=—6xt+3x2—1
no
The graph is symmetric with respect to the y-axis.
