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Preface

This solution manual accompanies Algebra & Trigonometry, 8e by Michael Sullivan.
The Instructor Solutions Manual (ISM) contains detailed solutions to all exercises in the
text and the chapter projects (both in the text and those posted on the internet). The
Student Solutions Manual (SSM) contains detailed solutions to all odd exercises in the
text and all solutions to chapter tests. In both manuals, some TI-84 Plus graphing
calculator screenshots have been included to demonstrate how technology can be used to
solve problems and check solutions. A concerted effort has been made to make this
manual as user-friendly and error free as possible. Please feel free to send us any
suggestions or corrections.

We would like to extend our thanks to Dawn Murrin, Christine Whitlock and Bob
Walters from Prentice Hall for all their help with manuscript pages and logistics. Thanks
for everything!

We would also like to thank our wives (Angie and Karen) and our children (Annie, Ben,
Ethan, Logan, Payton, and Shawn) for their patient support and for enduring many late
evenings.

Kevin Bodden and Randy Gallaher
Department of Mathematics
Lewis and Clark Community College
5800 Godfrey Road
Godfrey, IL 62035
kbodden@]c.edu rgallabe@lc.edu
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Section R.1

1.

3.

S.

7.

11.

13.

15.

17.

19.

21.

Chapter R
Review
23.
rational
Distributive
True

False; 6 is the Greatest Common Factor of 12
and 18. The Least Common Multiple is the
smallest value that both numbers will divide
evenly. The LCM for 12 and 18 is 36.
AUB={1,3,4,59}0U{2,4,6,7,8}

= {1, 2,3,4,5,6,7,8, 9}

AnB={1,3,4,59}n{2,4,6,7,8} = {4}

(AuB)NC
=({1,3,4,5,9}U{2,4,6,7,8}) N {1,3,4,6}
={1,2,3,4,5,6,7,8,9} n{1,3,4,6}
={1,3,4,6}

4=10,2,6,7,8)

ANB={1,3,4,59}n{2,4,6,7,8}

{4} — {O, 1, 2, 3, 57 67 7’ 8’ 9}

A4uUB={0,2,6,7,8}U{0,1,3,5,9}

={0,1,2,3,5,6,7,8,9}

25.

27.

29.

31.

33.

3s.

37.

39.

41.

43.

45.

47.

49.

51.

53.

a.

a.

1 1
{0, ’2’3’4}
None

None

None

{\/5,7?,\/5+1,7f+%}

[\/5,;:,«/5+1,;r+%}

18.953 b.
28.653 b.
0.063 b.
9.999 b.
0.429 b.

34.733 b.

3+2=5

x+2=3-4

3y=1+2

x-2=6

N =

9-4+2=5+2=7

—6+4-3=-6+12=6

4+5-8=9-8=1

18.952
28.653
0.062
9.998
0.428

34.733
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Chapter 2: Graphs

Test x-axis symmetry: Let y =-y 61. 9x2+4)? =36
(_ y)2 =x+4 x-intercepts: y-intercepts:

y}=x+4 same 9x2+4(0)" =36  9(0)* +4y> =36

2 _ 2 _
Test y-axis symmetry: Let x = —x 9x2 =36 4y , =36
y? = —x +4 different x =4 y =9
. L d x=%2 y=13
ymmetry: Let x = — =-y.

Testonigin s R The intercepts are (-2,0),(2,0), (0,-3), and

(—y)2 =—x+4 0.3
y? = —x+4 different ( , )

Test x-axis symmetry: Let y=—y
9x? +4(-y)’ =36

Therefore, the graph will have x-axis symmetry.

57. y= Ix 9x% +4y* =36 same
x-intercepts: y-intercepts: Test y-axis symmetry: Let x = —x
3 — 30 =
0=3x y=30=0 9(-x)* +4y? =36
0=x

. _ 9x? +4y* =36 same
WA B (0’0) ' Test origin symmetry: Let x=—x and y=-y

9(-x)* +4(-y)* =36
9x? +4y2 =36 same

Test x-axis symmetry: Let y =—y
-y= Yx different

Test y-axis symmetry: Let x = —x Therefore, the graph will have x-axis, y-axis, and
y=3-x=-x different origin symmetry.

Test origin symmetry: Let x =—x and y=-y

63. y=x-27
—y= Yx =-Yx x-intercepts: y-intercepts:
y=3/; same 0=x*-27 y=0*-27
Therefore, the graph will have origin symmetry. x* =27 y=-27
x=3

2 —
S e The intercepts are (3,0) and (0,-27).

x-intercepts: y-intercepts: .
¥ _9-0 0 +y-9=0 Test x-axis symmetry: Let y =—y
2 =9 y=9 -y= x* —27 different
Pty Test y-axis symmetry: Let x = —x
The intercepts are (-3,0), (3,0), and (0,9). y= (—x)3 -27
Test x-axis symmetry: Let y =—y y= —x* =27 different
x> —y-9=0 different Test origin symmetry: Let x=—-x and y=-y
Test y-axis symmetry: Let x = —x -y= (—x)3 -27
2 _ 3 .
(-x)"+y-9=0 y=x"+27 different
X+ y-9=0 same Therefore, the graph has none of the indicated
Test origin symmetry: Let x=—x and y=-y ALt
(—x)2 -y-9=0

x> —y-9=0 different

Therefore, the graph will have y-axis symmetry.

90
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Chapter 4: Linear and Quadratic Functions

f(x)=g(x) x-intercepts: —x*> —4x =0
x?+1=4x+1 —x(x+4)=0
0=1x*+4x x=0;x=-4
0=x(x+4) Thevertexisatxz—_ﬁ:ﬂ:i:—}
x=0,x-4 2 2(-1) -2
T {_4 O} ) Since p(-2) =4, the vertex is (-2, 4).
10
d. f(x) >0
We graph the function f(x)=-x"+1.
. -10 LN 10
y-intercept: f(0) =1 /
x-intercepts: -x*+1=0 /
X -1=0 -10
(x+1)(x-1)=0 The graph of p is above the x-axis when
x=—lx=1 —4 < x < 0. Since the inequality is strict,
b —(0) the solution set is { x| —4<x< 0} or, using
The vertex is at x=— =——==0. Since ) )
2a  2(-1) interval notation, (-4, 0) .
0) =1, th tex is (0, 1).
£(0) e vertex is (0,1) o fx)21
10 s
-x"+121
-x*>0
-10 3 10 We graph the function p(x)=-x>. The
/ \ vertex is at x=_—b=ﬂ=0. Since
0 2a  2(-1)

p(0) =0, the vertex is (0, 0). Since
a =-1<0, the parabola opens downward.

The graph is above the x-axis when
-1 <x <1. Since the inequality is strict, the

solution set is { x| -l<x<l } or, using 10
interval notation, (-1,1).
-10 10
e g(x)<0 £

4x+1<0 /

4x<-1 -10

1 The graph of p is never above the x-axis, but it
xs "2 does touch the x-axis at x = 0. Since the

inequality is not strict, the solution set is {0}.
The solution set is { x

1 .
< ——
X s 4} or, USlng 29. f(x)=x2—4; g(x):—x2+4

interval notation, [—oo, —l} ) a. f(x)=0
. X —4=0
f. f(x)>g(x) (x-2)(x+2)=0
—x2+1>4x+1 x=2x=-2
-x*—4x>0 Solution set: {-2, 2} .

We graph the function p(x)=-x*—4x.
The intercepts of p are
y-intercept: p(0) =0
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Chapter 5: Polynomial and Rational Functions

g(x) = (x—3)(2x +1)(x + 5)
To find the remaining zeros of g, we set the
last two factors equal to 0 and solve.

2x+1=0 x+5=0
1

X=—-——
2

Therefore, the zeros are -5, —% , and 3.

Notice how these rational zeros were all in
the list of potential rational zeros.

The x-intercepts of a graph are the same as
the zeros of the function. In the previous

part, we found the zeros to be -5, —%, and

3. Therefore, the x-intercepts are -5, ——;— -
and 3.

To find the y-intercept, we simply find
£(0).

The three intercepts are -5, —% , and 3.

Near -5
g(x)=(x—3)(2x+1)(x+5)

~=8(-9)(x+5)=72(x+5)
(a line with slope 72)

Near —l

() (x 3 2x+1)( 5)

(ZJM[)

Lloxsy--25-2
4
. . 63
(a line with slope ey or =31.5)

Near 3:
g(x)=(x=3)(2x+1)(x+5)

=(x=3)(7)(8)=56(x-3)

(a line with slope 56)

We could first evaluate the function at
several values for x to help determine the
scale.
f.  Whether the graph crosses or touches at an Putting all this information together, we
x-intercept is determined by the multiplicity. obtain the following graph:
Each factor of the polynomial occurs once, A
so the multiplicity of each zero is 1. For odd - 60
multiplicity, the graph will cross the x-axis (—2,45) —
at the zero. Thus, the graph crosses the x-
axis at each of the three x-intercepts.

g(0)=2(0) +5(0)* -28(0)-15=-15 i.
So, the y-interceptis —15.

N T . W O T |

g. The power function that the graph of g -3 \_\% 5
-1, =30)

the term with the highest power of x. In this ‘ [: -
-5

resembles for large values of |x| is given by

case, the power function is y = 2x>. So, the

graph of g will resemble the graph of 3 2P —dx? +25¢—100 <0

X (x—4)+25(x-4)=0
(x-4)(x* +25)=0

y =2x> for large values of |x| .

x-4=0 or x*+25=0

x=4 X =-25
x =+y-25
x =150

The solution set is {4, -5i, 51'} .
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Chapter 7: Trigonometric Functions

10S.

107.

109.

111.

cscd=-2, tand >0 = € in quadrant III
Since @ is in quadrant III, cosé <0, sec & <0,
sin@ < 0 and cscd <0, while tand >0 and
cotd > 0.

If a is the reference angle for @, then csca =2.

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

Yi

e N

- ; Rl
i
=1}
o«
N i
sina =— cosa = —
2 2
V3B 2 3 23
tana = — =— seC@=—'—=——o
303 NN

cota =—=\/§

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 4.

sint9=—l cosd = —ﬁ
2 2
tan€=£ secB=—¥

cot9=\/?_a

sin 40° +sin130° +sin 220° +sin 310°

= sin 40° +sin ( 40° +90°) +sin (40° +1 80°)
+sin ( 40° +270°)

=5sin40°+sin40° —sin 40° —sin 40°

=0

Since f(6)=sin6 =0.2 is positive, & must lie

either in quadrant I or II. Therefore, &+ 7 must
lie either in quadrant III or IV. Thus,

f(0+m)=sin(6+n)=-0.2

Since F(6)=tand=3 is positive, & must lie

either in quadrant I or III. Therefore, &+ 7 must

also lie either in quadrant I or III. Thus,
F(0+n)=tan(0+7)=3.

113. Given sin9=%,then csc O = ! =

2
sing 1
5

Since cscf >0, 0 must lie in quadrant I or IL
This means that csc (9 + ﬂ') must lie in quadrant

III or IV with the same reference angle as 6.
Since cosecant is negative in quadrants III and

IV, we have csc(9+7r) =-5.

115. sin1°+sin2°+sin3°+...+ sin 357°
+5sin 358°+5sin 359°
=sin1°+sin2°+sin3°+--- +sin(360°-3°)
+5sin(360°—2°) +sin(360°-1°)
=sinl°+sin2°+sin3°+ --- +sin(-3°)
+sin(—2°) +sin(—1°)
=sinl°+sin2°+sin3°+ ---—sin3°-sin 2°-sin1°
=sin(180°)
=0

117. a. R=

32;/5 [sin(z(ﬁoo)) _ cos(2(60°)) _1]

~32/2(0.866 - (~0.5)~1)

~16.6 ft
2
b. Let Y, = 323;5 [sin(2x) - cos(2x)-1]
20

N

"

45° \ 90°

0
c. Using the MAXIMUM feature, we find:
20

Naxirum
450 #=87.5 —._._¥=18.745166 s

0
R is largest when 0 = 67.5°.

190°

119. Answers will vary.
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Chapter 8: Analytic Trigonometry

91.

93.

[ . a3 o 1]
cos|sSin ——CosS  —
5 2

Let =sin"‘% and ﬂ=cos"'%. a isin

quadrant I; £ is in quadrant I. Then sina = E,

OSasg,and cosﬂ=%, 0<p

IA

n
>

cCosa = -Sll’l a

MLRERE
\/1_-_

sin 3 = 4/1-cos’

SRt ) o
cos(sm'é—cos )—cos( -B)
5 2
=cosacos f+sinasin
41 343
5275,
=i+i=4+3\/§
10 10 10

tan| sin™ (—l) —tan™' =
2 4

Let o =sin™ (——1-) and S =tan” & T
2 4
quadrant IV; £ is in quadrant I. Then,
sina=—l, 0<a Sz,and tanﬂzi,
2 2 4
0<ﬂ<£.

cosa =+1-sin’* a

tan [sin" (——12-) —tan™’ G)] =tan(a - f3)

_ tana—tan B
l+tanatan S

_-9-43 12433
T 12233 12433
_—144-75\3
117
 —48-253
39
48+25\3
39

95. sin {2 cos™ [—%H

Let a =cos™ (—%) a is in quadrant II. Then

3
cosa=—g, —<a<sm.

sina=+1-cos’a
2

= 1_(_3) = 1_—9—: E=i

5 25 25 5

sin [ZCOS’1 (—%)] =sin 2a

=2sinacosa

2
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Chapter 11: Analytic Geometry

23.

25.

Vertices: (0, —6), (0, 6); asymptote: y =2x;
Center: (0, 0); Transverse axis is the y-axis;
a = 6. Find the value of b using the slope of the

asymptote: %=%=23 2b=6 = b=3

Find the value of c:
c2=a?+b*=36+9=45

c=3\/§

. N
Write the equation: TN 1.
gy, F2=0 3V5)
— " ' = 2-/\'
y 2,x\ 10 Y

Y=V, =(0.6)
— |
(=3.0I\[/16,0

Y N S

FARY

Y LoV = ©-6)
P, =, ~3~15)///ﬁ\
-10

Foci: (4, 0), (4, 0); asymptote: y =—x;
Center: (0, 0); Transverse axis is the x-axis;
¢ =4. Using the slope of the asymptote:

b

——=-1l>-b=-a>b=a.
a

Find the value of b:
br=ct-a* = a*+b* =2 (c=4)

b2 +b%=16=2b*> =16 b* =8

b=+8=22
a=\V8=242 (a=b)
22
Write the equation: % —y? =1.

27.

29,

2
x2 Yy

25 9
The center of the hyperbola is at (0, 0).
a=5, b=3. The vertices are (5,0) and

(-5,0). Find the value of c:
2 =a® +b? =25+9=34:>c=\/§

The foci are (Jéz, 0) and (—\/ﬁ,O) .

The transverse axis is the x-axis. The asymptotes

4x2-y* =16
Divide both sides by 16 to put in standard form:
2 2
aaf Y16 xt Y
16 16 16 4 16
The center of the hyperbola is at (0, 0).
a=2, b=4.
The vertices are (2, 0) and (-2, 0).
Find the value of ¢:

c2=a>+b*=4+16=20
c=+20=25
The foci are (2\/5,0) and (—2\/3,0).

The transverse axis is the x-axis. The asymptotes
are y=2x;y=-2x.
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Chapter 12: Systems of Equations and Inequalities

The comer points are (0, 1), (1, 0), (0, 6), (6, 0). To find the intersection of 2x+3y =12 and
Evaluate the objective function: 3x+2y =12, solve the system:

Vertex | Value of z=2x+ y 2x43y=12

O 1| z=20)+1=1 3x+2y=12

0, 6) z=2(0)+6=6

. 3
(1, 0) z=2(D+0=2 Solve the second equation for y: y =6 =5 x
(6,0) | z=2(6)+0=12 Substitute and solve:

The maximum value is 12 at (6, 0). ) 3(6 3 ) 12
x+ ——x|=
2

11. Minimize z=2x+5y subjectto x>0,

9
y20, x+y22, x<5, y<3. Graph the 2x+18—5x=12
constraints. 5
N R LR R B e _.—x=_6
A, 2
S 12
....... X =—
x=50 000 5
A 12 1
......... y:6——3—[—)=6_—8=£
......... 2 5 5
e The point of intersection is (2.4,2.4).

The corner points are (0, 2), (2, 0), (0, 4), (4, 0),
(2.4, 2.4). Evaluate the objective function:

Vertex Value of z=3x+5y

- - o O GO E0 ©, 2) z=3(0)+5(2)=10

e corner points are (0, 2), (2, 0), (0, 3), (5, 0), _ _

(5, 3). Evaluate the objective function: 0, 4) A URBGIEY
Vertex | Value of z =2x+5y 2. 0) e
(0,2) | z=2(00+52) =10 ®0) | 2=30)+3(0)=12

(24,24)1z=324)+52.4)=19.2

0, 3) | z=2(0)+53)=15

2,0 | z=202)+50)=4 The maximum value is 20 at (0, 4).

5, 0) | z=2(5+500)=10 15. Minimize z =5x+4y subjectto x>0,
(5,3) | z=2(5)+5(3)=25 y20, x+y22, 2x+3y <12, 3x+ y<12. Graph
The minimum value is 4 at (2, 0). the constraints.

13. Maximize z=3x+5y subjectto x>0, y >0, AR

x+y22, 2x+3y<12, 3x+2y<12. Graph A R

the constraints. jI ik VR S

To find the intersection of 2x +3y =12 and
3x+ y =12, solve the system:
{2x +3y=12

3x+ y=12
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