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Introduction

» «

hate math.” “Math is my worst subject.” “I'll never understand math—it’s too hard.”
So many people approach math with an attitude that dooms them to failure before they even get started.
Your approach to math, or any subject, can make all the difference in the world. With the majority of SAT
math questions involving algebra or geometry, this book is designed not only to give you the algebra and geom-
etry skills you need for the exam, but also to provide you with the confidence you require to score highly on
the exam.

You can’t study every possible word that may appear on the verbal portion of the SAT. No such list even exists.
However, all of the math skills that you will encounter on the math portion of the SAT are known, and the most
common of them are in this book. In this respect, it’s actually easier to study for the math sections of the SAT than
the verbal sections.

This book trains you for the SAT with 411 math questions. Every question can be solved using the skills
described in the following 16 chapters, and every answer is explained. If an explanation doesn’t make sense, review
the related material in the chapter, and then try the question again.

Don’t get discouraged. Use these chapters to gain an understanding of the algebra and geometry that’s given
you trouble in the past. With time and practice, you'll become comfortable with math and enter the SAT with con-
fidence, believing you are prepared for any question.
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» An Overview of This Book

This book is divided into an algebra section and a geometry section, each comprised of eight chapters, plus a pretest
and a posttest. The tests are made up of only algebra and geometry questions. Use the pretest to identify the top-
ics in which you need improvement. Use the posttest to help you identify which topics you may need to review
again. The first eight chapters focus on algebra skills:

Chapter 1: Algebraic Expressions
Understand the parts of algebraic expressions, combine like and unlike terms, evaluate expressions using sub-
stitution, and evaluate one variable in terms of another.

Chapter 2: Solving Equations and Inequalities
Use basic arithmetic and cross multiplication to solve single- and multi-step equations, find the values that make
an expression undefined, and form algebraic equations from word problems.

Chapter 3: Quadratic Expressions and Equations
Multiply binomials, factor and solve quadratic equations, and analyze the graphs of quadratic equations.

Chapter 4: Factoring and Multiplying Polynomials
Multiply, factor, and find the roots of polynomials.

Chapter 5: Radicals and Exponents
Add, subtract, multiply, divide, and simplify radicals and terms with exponents; rationalize denominators and
solve equations with radicals. Work with negative and fractional exponents, and raise exponents to exponents.

Chapter 6: Sequences
Solve arithmetic, geometric, and combination sequences for the next or missing term.

Chapter 7: Systems of Equations
Solve systems of two equations with two variables using substitution and combination.

Chapter 8: Functions, Domain, and Range
Determine if an equation is a function using the vertical line test, find the domain and range of functions, solve
nested functions and evaluate functions with newly defined symbols.

The last eight chapters focus on geometry skills:
Chapter 9: Angles

Recognize and use the properties of acute, obtuse, right, straight, complementary, supplementary, vertical, and
alternating angles.
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Chapter 10: Triangles
Recognize and use the properties of interior and exterior angles of triangles and acute, obtuse, right, scalene,
isosceles, equilateral, and similar triangles.

Chapter 11: Right Triangles
Use the Pythagorean theorem to find the missing side of a triangle. Review the properties of special right tri-
angles: 45-45-90 (isosceles) right triangles and 30-60-90 right triangles, and use basic trigonometry to deter-
mine the size of angles and sides of right triangles.

Chapter 12: Polygons
Review the properties of interior and exterior angles of polygons and regular polygons. Find the perimeter of
polygons and work with similar polygons.

Chapter 13: Quadrilaterals
Learn the differences that distinguish parallelograms, rhombuses, rectangles, and squares from each other, and
the similarities that each share.

Chapter 14: Area and Volume
Find the area of triangles and rectangles (including squares), the volume of cylinders and rectangular solids
(including cubes), and the surface area of solids.

Chapter 15: Circles
Review the parts of a circle, including radius and diameter, and use them to find the circumference and area
of a circle, as well as the area of a sector of a circle and the length of an arc of a circle.

Chapter 16: Coordinate Geometry
Plot and find points on the coordinate plane; find the slope, midpoint, and distance of line segments.

» How to Use This Book

Start at the beginning. Each chapter builds on the skills reviewed in the chapters that precede it. There’s a reason
the algebra chapters come first—the SAT is filled with algebra questions, and many of the geometry questions you’ll
encounter will involve algebra. The last eight chapters focus on geometry, but you'll need the algebra skills
reviewed in the first eight chapters to solve these problems.

In each chapter, a set of skills is reviewed (with key words defined), including examples of each skill with expla-
nations. Following the lesson portion of the chapter are 15-30 SAT-caliber questions. Related questions are
grouped together. In general, the questions are progressively more difficult. If you can handle the questions in each
chapter, you're ready for the SAT!
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Read and reread each section of this book. If you don’t understand an explanation of a geometry question
that involves algebra, it may be helpful to reread an algebra section—you might have the geometry skill mastered,
but you may be confused about the algebra part of the question.

Algebra and geometry questions comprise the bulk of SAT math, but this book does not cover every type
of math question you’ll see on the SAT. Review a book such as SAT Math Essentials or Acing the SAT 2006 by
LearningExpress to be sure you've got all the skills you need to achieve the best possible math score on the SAT.
Good luck!




Pretest

efore you begin Chapter 1, you may want to get an idea of what you know and what you need to
learn. The pretest will answer some of these questions for you. The pretest consists of 25 questions

that cover the topics in this book, of which 15 are the multiple-choice questions and 10 are the grid-
ins. For the grid-ins, you come up with the answer yourself instead of choosing from a list of possible answers.
While 25 questions can’t cover every concept, skill, or shortcut taught in this book, your performance on the pretest
will give you a good indication of your strengths and weaknesses. Keep in mind the pretest does not test all the
skills taught in this book, but it will tell you the degree of effort you will need to put forth to accomplish your goal
of learning algebra and geometry.

If you score high on the pretest, you have a good foundation and should be able to work your way through
the book quickly. If you score low on the pretest, don’t despair. This book will take you through the algebra con-
cepts, step by step. If you get a low score you may need to take more than 20 minutes a day to work through a les-
son. However, this is a self-paced program, so you can spend as much time on a lesson as you need. You decide
when you fully comprehend the lesson and are ready to go on to the next one.

Take as much time as you need to do the pretest. When you are finished, check your answers with the answer
key at the end of the book.
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PRETEST

(9x2 + 9y%)

1. The expression (g,z; 30, 1 ) is undefined when 6. The inequality —4(x—1) <2(x + 1) is equivalent to
a.x=0ory=0 a.xZ—%
b.xz%oryz—% b.xS—%
c.x=lory=6 c.xZ%
d.x:—%oryz—S d.xS%
e.x=-lory=—-6 e. x<3
2. Each term in the sequence below is five times 7. Side AB of rectangle ABCD measures 10 units.
the previous term. What is the eighth term in the Side BC of the rectangle is shared with side BC
sequence? of square BCEF. If the area of square BCEF is 20
4,20, 100, 500, . .. square units, what is the area of rectangle ABCD?
a. 500 X 8 a. 10V5 square units
b. 43 b. 20V/5 square units
c. 4X57 c. 20 + 20V/5 square units
d.4x58 d. 100 square units
e. 5X48 e. 200 square units
3. A circle has an area of 647 ft.2. What is the 8. A circular compact disc has a diameter of 12 cm
circumference of the circle? and a height of 2 mm. If Kerry stacks 10 compact
a. 8 ft. discs on top of each other, what is the volume of
b. 8m ft. the stack?
c. lemft. a. 72mcm’
d. 32m ft. b. 1447 cm?
e. 32 ft. c. 240m cm?
d. 2881 cm?
4. Which of the following is true of y = 2? e. 720m cm?
a. It is not a function.
b. It has a range of 2. 9. Which of the following statements is true?
c. It has no domain. a. All squares are rectangles and rhombuses.
d. It has a slope of 2. b. All rectangles are rhombuses, but not all
e. It has no y-intercept. rhombuses are rectangles.
c. All rhombuses are parallelograms and all
5. What is the value of (27'1)( (zab_)lfl )? parallelograms are rhombuses.
a. 1 d. All rhombuses are squares, but not all squares
b. 2 are rhombuses.
c 2a e. All squares are parallelograms, but not all
d. 4 squares are rectangles.
e




10.

11.

12,

For what values of x is the expression
3x?—3x— 18 equal to 0?
a x=-3,x=2

b.x=-3,x=6
c. x:3,x:—%
d.x=3,x=-6

e. x=3,x=-2

If ABCD (shown below) is a parallelogram, what
is the measure of angle ABC?

Afuis B/

16x
/ D / C
a. 7°
b. 68°
c. 78°

d. 102°
e. 112°

Triangles ABC and DEF are similar. Side AB of
triangle ABC corresponds to side DE of triangle
DEF. If the length of AB is 10 units and the
length of DE is 4 units, then the area of triangle
DEF is equal to

a. 24—5 (area of triangle ABC).
b. % (area of triangle ABC).
c. % (area of triangle ABC).
d. % (area of triangle ABC).

e. % (area of triangle ABC).

PRETEST

13.

14.

15.

16.

Which of the following parabolas has its turning
point in the second quadrant of the coordinate
plane?

ay=(x+1)2-2

b.y=(x-1)-2

cy=—(x+1)?*-2

dy=-(x+2)2+1

ey=(x-2)%+1

Ifa="""" thenb=

a
a.7

4a
b. %

a

a0
g
I
S

Jennifer makes a hexagon by arranging 6 equilat-
eral triangles, each of which has a vertex at the
center of the hexagon. If the length of one side
of a triangle is 4, what is the area in square units
of the hexagon?

a. 6V3

b. 12

c. 12V3

d. 24

e. 24V3

If the surface area of a cube is 96 square
centimeters, what is the volume of the cube in
cubic centimeters?

17. What is the distance between the points (-7,—4)

18.

and (5,12)?

Steve draws a polygon with 12 sides. What is the
sum of the measures of the interior angles of
Steve’s polygon?
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19. Find the value of % bVbif b = 36. 23. In the diagram below, sides OC and OB of
triangle OBC are congruent. If the measure of

20. In the diagram below, sides AC and AB of angle OBCis 71 degrees, what is the measure in

triangle ABC are congruent. If the measure of degrees of arc AD?

angle DCA is 115 degrees, what is the measure

in degrees of angle A? A D

A
D C B C B
2w _ . 3

21. If 5 + 3 = 7, what is the value of 5% 24. Evaluate (% " u?;_a)u fora = -2.

2x+8  5x-6 .
22, If 75— = "¢, what s the value of x? 25. Angle A of right triangle ABC measures

60 degrees and angle C of the triangle
measures 30 degrees. If the length of
side BCis 16\/5, what is the length of
side AC?







CHAPTER

Algebraic
Expressions

» Variables

A variable is a letter or symbol that represents a value. An algebraic expression is one or more terms that con-
tain a variable. For instance, 3a, y + 1, and x? + 4x + 4 are all algebraic expressions. The expression x? + 4x + 4 is
made up of three terms: x?, 4x, and 4.

» Parts of a Term

The coefficient of a term is the constant in front of the variable. The base of a term consists of the variable or vari-
ables that follow the coefficient of the term, including the exponents of these variables. The coefficient of the term

443 is 4, and the base of the term is a°.

» Like and Unlike Terms

The terms x, 3x, and 8x are like terms, because these terms all have the same base. The terms 3x and 3x2 are unlike
terms, because the variables in each term have different exponents.
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» Combining Like Terms

Like terms can be combined using the standard operations.
To add like terms, add the coefficients of the terms: 3x + 4x = 7x, since 3 + 4 = 7. To subtract like terms, sub-
tract the coefficients of the terms: 9a2 — 6a% = 3a2.

To multiply like terms, multiply the coefficients of the terms and add the exponents: (3b*)(2b*) = 6b%. To divide

. .. . 15x°
like terms, divide the coefficients of the terms and subtract the exponents: —o.- = 3x%.

» Combining Unlike Terms

Unlike terms cannot be simplified by adding or subtracting. The expressions y + 2, 3a + 3a?, 4 — x, and 6x° — 6x
cannot be simplified any further.

Unlike terms can be simplified by multiplying or dividing. Multiply the coefficients of the terms, and then
multiply the variables. Add the exponents of common variables.

What is the product of 6a? and 3a*?

The product of the coefficients is (6)(3) = 18, and the sum of the exponents of a is 2 + 4 = 6. The product of
6a* and 3a* is 18a°.

What is the product of 4x> and 5xy*?

The product of the coefficients is (4)(5) = 20. Next, multiply the variables, adding the exponents of common
variables: (x?)(xy*) = x°y*. The product of 4x? and 5xy* is 20x°y*.

Unlike terms are divided in a similar way. Divide the coefficients of the terms, and then divide the variables.
Subtract the exponents of common variables.
254°0°

<. = bab’, since ? = 5, the difference of the exponents of the a terms is 1, and the difference of the expo-
nents of the b terms is 3.

» Evaluate Expressions Using Substitution

To evaluate an expression given the value of the variable or variables in the expression, substitute the value for the
variable in the expression.

What is the value of 7x + 1 when x = 5?2
Substitute 5 for x in the expression: 7(5) + 1 =35+ 1 = 36.

What is the value of x2 + 3x + 5 when x = —1?
The value of x2 + 3x + 5whenx=—11is (-<1)2+3(-=1) +5=1-3+5=3.
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» Evaluate One Variable in Terms of Another

An equation that contains two variables can be written so that the value of one variable is given in terms of the
other. For instance, y = 3x + 3 is an equation with two variables, x and y, in which the value of one variable, y, is
written in terms of the other variable, x. The value of y is 3x + 3.

If 4a + 8b = 16, what is the value of a in terms of b?

Isolate a on one side of the equation. Subtract 8b from both sides: 4a = 16 — 8b. Now, divide both sides of the
equation by 4: a = 4 — 2b. The value of a in terms of b is 4 — 2b.

» Practice

1. 9a+ 12a%2-5a= 5. Whenx=3,2x2-5x+ 3=
a. 16a a. -6
b. 1642 b. 0
c. 12a%2—4a c. 6
d. 1242 + 4a d. 33
e. 2642 e. 36
2, Colta) 6. Whena=-2, 7+ =
1 a. 14
a. 3
5 b. -7
b. " 7
) C. ;4
C 35 d. n
d. ﬁ e. 7
e. 2 R
7. When x = 2,%+_L2x =
(5a+ 7b)b 3
3. v = a7
a. 4a b. %
b. 4ab c (2 +y)
c. 2a+4b ( %f )
d 5a+7b d. 4
"3 P+
e. 5a+5b €.
4. (2x2)(4)%) + 6392 = 8. Whenp = 6,5‘1’—(};—” =
a. 12x%? a. 8
b. 14x%y b. 24 +r
2 2 2,2
C. 2x” +4y° + 6x°y . 244 3r
d. 8x% + y% + 6x%y? 4e
44 2.2 <7
e. 8x*y* + 6x°y St ar




9. When a =3, (4a*)(3b> +a) - b* =

a. 72b° + 108
b. 1076° + 39
c. 107b° + 108
d. 1086° + 39
e. 216
10. Whenc=1and d =4, ch); =
16
a. 5
b. 4
17
¢
d.5
25
e.

11.Whenx=2andy=3,g_;i+§_;:

IS

&

()
N ol W o
w|; \9|,_ \°|o [ ol

12, Whena=1landb=-1l,ab+ 4 +a>-b* =

a. 4
b. -3
c. -2
d. -1
e. 0

13. If%g = 9h — 15, what is the value of g in terms
of h?
a. %h+%

. 6h—15

. 6h—10

Th-3

. 18h—30

fbp..ﬁc"
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14, If 7a + 20b = 28 — b, what is the value of a in
terms of b?

a. 4-3b
b. 4+ 3b
19
C. 4—71)
d.4-%p

b+4
en_ 3

15. If 4(% + 1) = 10, what is the value of y in terms
of x?

16. If fg + 2f— g =2 — (f + g), what is the value of gin
terms of f?

a. -1
1
b. 7

N — |

c.
d.

€.

—2f

2-3

—

17. If a(3a) — b(4 + a) = —(a® + ab), what is the value
of b in terms of a?

o
|
N

o a0 T
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18. If 4¢> — 1 = 16h* - 1, what is the value of g in 20. If % = 5y, what is the value of y in terms of x?
terms of h? a Vx
a. h b. V2x
b. 2h c. 2Vx
c. 4h d. 2x
d. 2 e
e. 4h?

19. If 8x? — 4y* + x> = 0, what is the value of x in
terms of y?

a. 5y
b. %y
¢ 57
d. %yz

3
e 3y’







CHAPTER

Solving
Equations and
Inequalities

n equation is an expression that contains an equals sign; 3x + 2 = 8 is an equation. An inequality
is an expression that contains one of the following symbols: <, >, <, or 2. Both sides of an equa-

tion are equal. One side of an inequality may be less than, less than or equal to, greater than, or
greater than or equal to the other side of the inequality.

» Basic Equations and Inequalities
Basic equations and inequalities can be solved with one step. To solve an equation, isolate the variable on one side
of the equals sign by adding, subtracting, multiplying, or dividing. To solve an inequality, isolate the variable on
one side of the inequality symbol using the same operations.

To solve the equation x — 2 = 4, add 2 to both sides of the equation: x—2+2=4+2,x=6.

To solve the equation x + 5 = 6, subtract 5 from both sides of the equation: x +5-5=6-5,x= 1.

To solve the inequality ; < 8, multiply both sides of the equation by 4: (4)(3) < (4)(8), x < 32.
3x
3

To solve the inequality 3x > 6, divide both sides of the inequality by 3: 5= %, x=2.
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If solving an inequality requires multiplying or dividing both sides of the inequality by a negative number,
you must reverse the inequality symbol.

Solve the inequality —2x < 10 for x.

Divide both sides of the inequality by —2: __—sz > _1—(2), x> —5. Notice that the inequality symbol has changed direc-
tion. Values of x that are less than -5, if substituted into —2x < 10, would make the left side of the inequality
greater than the right side of the inequality. That is why you must reverse the inequality symbol:
x > —5. This is the solution set for —2x < 10. Only reverse the inequality symbol when multiplying or dividing
both sides of the inequality by a negative number.

» Multi-Step Equations and Inequalities

Multi-step equations and inequalities require two or more steps to solve. Use combinations of the operations above
to isolate the variable on one side of the equals sign or inequality symbol. You may also have to raise both sides
of the equation to an exponent, or take a root of both sides of the equation.

To solve the inequality 10x — 2 > 18, add 2 to both sides of the inequality: 10x —2 + 2 > 18 + 2, 10x > 20.
Then, divide both sides of the inequality by 10: %x > %, x> 2.

To solve the equation x* + 4 = 20, subtract 4 from both sides of the equation: x> + 4 — 4 = 20 — 4, x*> = 16.

Both 4 and —4 square to 16, so the solutions to x> + 4 = 20 are x = 4 and x = —4.

» Cross Multiplying

If one or both sides of an equation or inequality contain fractions, begin solving the equation or inequality by cross
multiplying. Multiply the numerator of the fraction on the left side of the equation or inequality by the denom-
inator of the fraction on the right side of the equation or inequality. Then, multiply the numerator of the frac-
tion on the right side of the equation or inequality by the denominator of the fraction on the left side of the equation
or inequality, and set the two products equal to each other.

3x _ 18x-6 .
If 5 =—¢ , what is the value of x?

Begin by cross multiplying: (3x)(6) = (2)(18x — 6), 18x = 36x — 12. Now, solve the equation by adding

and dividing:
18x+12=36x—12+12
18x+ 12 =36x
18x—18x+ 12 =36x— 18x
12=18x
12 _ 18
18~ 18

_12_2
X=1873
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» Undefined Expressions

A fraction is undefined when its denominator is equal to zero. To find when an algebraic fraction is undefined,
set the denominator of the fraction equal to zero and solve the equation for the value of the variable.

. . 1
For what value of x is the fraction 3,77 undefined?

Set the denominator of the fraction, 2x + 4, equal to 0 and solve for x:
2x+4=0
2x+4-4=0-4

2x=-4
2x —4

2 =72
x =-2. The fraction ﬁ is undefined when x = -2.

» Forming Algebraic Equations from Word Problems

The SAT will often describe a situation that must be transformed into an algebraic equation in order to be solved.
Read carefully for key words. Phrases such as less than signal subtraction; greater than signals addition. Words such
as twice signal multiplication, while words such as half signal division.

If two less than three times a number is two more than twice the number, what is the number?

Transform the situation into an algebraic expression. If x is the number, then two less than three times a number
is 3x — 2. Twice the number is 2x. Two more than that is 2x + 2. The key word is means equals. The phrase two less
than three times a number is two more than twice the number can be represented algebraically as 3x— 2 = 2x + 2.
Now, solve the equation for x:

3x-2=2x+2

3x—2x-2=2x-2x+2

x—2=2

X=2+2=2+2

x=4

» Practice

1. lfa-12=12,a= 2. If 6p > 10, then

a.—12 a.pZ%
b. 0 b.pS%

c 1 5
d. 12 ¢p23

5

e. 24 d.pﬁg
e.p=22
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. Ifx+10=5x= 8. If 6x —4x + 9 = 6x + 4 —9, what is the value of x?
a. -5 a. -9
b. -2 b. -2
C. % c -1
d.2 d.Z
e.5 e.9
4, If % =8, k= 9. What is the solution set for the inequality
a1 —8(x+3)<2(=2x+10)?
b. V3 a. x2 -11
b. x< -11
c8 cx=11
d. 16 d.x>11
e. 64 e. x<11
5. The inequality —3n < 12 is equivalent to 10. If 3?5624_ 9 = 15, what is the value of ¢?
a.n<4 a %
b.n<—4 b. 2
c.n>4
dn>-4 ¢ 3
e. n>36 d. 6
e 12
6. If 9a + 5 = —22, what is the value of a?
a. 27 M. If 5= —%, what is the value of w?
b. -9 a. -6
c. -3 b. -2
d. -2 c -1
e. —% d. 4
e. 10
7. The inequality 3x — 6 < 4(x + 2) is equivalent to
a. x> -14 12. If¥ = 5x; 1% what is the value of x?
b. x< 14 .
c. x< -8 b. 3
d.x> -8
e.x=2 ¢ >
d. 14
e. 30




13.

14.

15.

16.

17.

4a+4 2-3a
If——=——

30
a —3;

b. 2
c. 4
d.6
16

, what is the value of a?

e.
If 5y =
a. 4

b. -2

c 2

d. 4

e. 14

19.

10 .
T what is the value of ?

_&+7

5
I ="

, what is the value of &?

20.

a3
b. 2
c.3
d. 4
e.5

If %x + 6 = —x — 3, what is the value of —2x?
a. —12

b. -6

c. -3

d.6

e 12

21.

If 3x — 8 = 2512

a. -7
b. 0
c. 7
d. 10
e. 14

, what is the value of x + 72
22,

SOLVING EQUATIONS AND INEQUALITIES

. 3
3% + 9, what is the value of 5x?

o

&

O oo|w wlow = ow|w

If 8x + 4 = 14, what is the value of 4x + 2?

a.
b.

(e
.
N R|u R |u i

&
[\
o]

If 11c— 7 = 8, what is the value of 33¢—21?
15

a.
b.

o

&

__88 undefined?

For what value of x is the fraction

®

o a0 T

. . 3d
For what value of d is the fraction % undefined?

a. —

|— W]~

o
=N

e oo

A~ W[~




SOLVING EQUATIONS AND INEQUALITIES

23. For what value of a is the fraction % 27. If three more than one-fourth of a number is
undefined? three less than the number, what is the value
a. -18 of the number?
b. -9 a. %
c -1 b. 4
d. 1 c. 6
e.9 d. 8
e 12
24, For what value of y is the fraction szﬁ
undefined? 28. The sum of three consecutive integers is 63. What
a. -2 is the value of the largest integer?
b. — a. 18
¢ b. 19
d.2 c. 20
e 4 d. 21
e 22
25. For what values of x is the fraction 21’2;_12)
undefined? 29. The sum of four consecutive, odd whole numbers
a. 0,-5 is 48. What is the value of the smallest number?
b. 0,5 a. 9
c. 5,10 b. 11
d. 5,10 c. 13
e. 0,5-5 d. 15
e. 17
26. If five less than three times a number is equal to
10, what is the value of that number? 30. The sum of three consecutive, even integers is
a. % —18. What is the value of the smallest integer?
b. 5 a. —12
<z b. -10
d. 15 c. -8
e. 25 d. -6
e. —4




CHAPTER

Quadratic
Expressions and
Equations

quadratic expression is an expression that contains an x*> term. The expressions x*> — 4 and x? +
3x + 2 are two examples of quadratic expressions. A quadratic equation is a quadratic expres-
sion set equal to a value. The equation x? + 3x + 2 = 0 is a quadratic equation.

» Multiplying Binomials

A binomial is an expression with two terms, each with a different base; (x — 2) and (5x + 1) are both binomials.

To multiply binomials, you must multiply each term by every other term and add the products. The acronym
FOIL can help you to remember how to multiply binomials. FOIL stands for First, Outside, Inside, and Last.

When multiplying two binomials, for example, (x + 1) and (x + 2), begin by multiplying the first term in
each binomial: (x + 1)(x + 2), (x)(x) = x%

Next, multiply the outside terms: (x + 1)(x + 2), (x)(2) = 2x.

Then, multiply the inside terms: (x + 1)(x + 2), (1)(x) = x.

Finally, multiply the last terms: (x + 1)(x + 2), (1)(2) = 2.

To find the product of (x + 1)(x + 2), add the four products: x* + 2x + x + 2 = x> + 3x + 2.




QUADRATIC EXPRESSIONS AND EQUATIONS

» Factoring Quadratic Expressions

Multiplying the binomials (x + 1) and (x + 2) creates the quadratic expression x> + 3x + 2. That expression can
be broken back down into (x + 1)(x + 2) by factoring.

A quadratic trinomial (a trinomial is an expression with three terms) that begins with the term x? can be fac-
tored into (x + a)(x + b). Factoring is the reverse of FOIL. Find two numbers, a and b, that multiply to the third
value of the trinomial (the constant) and that add to the coefficient of the second value of the trinomial (the x term).

Given the quadratic x*> + 6x + 8, you can find its factors by finding two numbers whose product is 8 and whose
sum is 6. The numbers 1 and 8, and, 4 and 2 multiply to 8, but only 4 and 2 add to 6. The factors of x> + 6x + 8 are
(x+2) and (x + 4). You can check your factoring by using FOIL: (x + 2)(x + 4) =x*> + 4x + 2x + 8 = x? + 6x + 8.

What are the factors of 2x% + 9x + 9?

This quadratic will be factored into (2x + a)(x + b). Find two numbers that multiply to 9. Two times one of
those numbers plus the other must equal 9, the coefficient of the second term of the quadratic trinomial. The num-
bers 1 and 9, and the numbers 3 and 3 multiply to 9. Two times 3 plus 3 is equal to 9, so the factors of 2x* + 9x +
9 are (2x + 3) and (x + 3).

» Solving Quadratic Equations

Quadratic equations have two solutions. To solve a quadratic equation, combine like terms and place all terms on
one side of the equals sign, so that the quadratic is equal to 0. Then, factor the quadratic and find the values of x
that make each factor equal to 0. The values that solve a quadratic are the roots of the quadratic.

For what values of x does x* — 5x = —6?

First, combine like terms and place all terms on one side of the equals sign. Add 6 to both sides of the equa-
tion; x2 — 5x + 6 = 0. Now, factor the quadratic. Find two numbers that multiply to 6 and add to —5. The numbers
1 and 6,1 and -6, 3 and 2, and -3 and -2 multiply to 6. Only -3 and -2 add to —5. The factors of x* — 5x + 6 are
(x—3) and (x —2). If either of these factors equals 0, the expression x> — 5x + 6 equals 0. Set each factor equal to
0, and solve for x; x—3 = 0,x = 3; x— 2 = 0, x = 2. The values 2 and 3 for x make x> — 5x + 6 equal to 0; therefore,
these values make x* — 5x equal to —6.




» Undefined Expressions

QUADRATIC EXPRESSIONS AND EQUATIONS

As you saw in the last chapter, a fraction is undefined when its denominator is equal to zero. If the denominator

of a fraction is a quadratic, factor the quadratic and set the factors equal to 0. The values that make the quadratic

equal to 0 are the values that make the fraction undefined.

. . 2x
For what values of x is the fraction 77,777 undefined?

Find the roots of x> + 7x + 10. The numbers 1 and 10,~1 and -10, 5 and 2, and -5 and —2 multiply to 10, but
only 5 and 2 add to 7. The factors of x> + 7x + 10 are (x + 5)(x + 2). Since x + 5= 0 when x =-5 and x + 2 = 0 when
x = =2, the values of x that make the fraction undefined are -5 and 2.

» Graphs of Quadratic Equations

-4 -3 2 -1

123 4

+-1

1-3
T-4

y=x+1)?

R N

The graph of the equation y = x%, shown at left, is a parabola. Since
the x value is squared, the positive values of x yield the same y values
as the negative values of x. The graph of y = x? has its vertex at the
point (0,0). The vertex of a parabola is the turning point of the
parabola. It is either the minimum or maximum y value of the graph.
The graph of y = x? has its minimum at (0,0). There are no y values
less than 0 on the graph.

The graph of y = x* can be translated around the coordinate
plane. While the parabola y = x? has its vertex at (0,0), the parabola
y = x* — 1 has its vertex at (0,~1). After the x term is squared, the
graph is shifted down one unit. A parabola of the form y = x> — c has
its vertex at (0,—c) and a parabola of the form y = x* + ¢ has its ver-
tex at (0,c).

The parabola y = (x + 1)? has its vertex at (=1,0). The x value
is increased before it is squared. The minimum value of the parabola
is when y = 0 (since y = (x + 1)? can never have a negative value).
The expression (x + 1)? is equal to 0 when x = —1. A parabola of the
form y = (x — ¢)? has its vertex at (¢,0) and a parabola of the form
y = (x + ¢)? has its vertex at (0,~c).

What are the coordinates of the vertex of the parabola formed
by the equation y = (x —2)? + 3?

To find the x value of the vertex, set (x —2) equal to 0; x — 2 =
0, x = 2. The y value of the vertex of the parabola is equal to the con-
stant that is added to or subtracted from the x squared term. The y
value of the vertex is 3, making the coordinates of the vertex of the
parabola (2,3).




» Practice

1. What is the product of (x—3)(x + 7)?
a. x> -21

. x2—3x-21

L x2+4x—21

LxP+7x-21

L x2—21x-21

o a6 o

2. What is the product of (x—6)(x—6)?
a. x> + 36
b. x* - 36
c. x*—12x-36
d. x*—12x+ 36
e. x> —36x + 36

3. What is the product of (x—1)(x + 1)?
a. x*—1

L x2+ 1

xX—x-1

xP-x+1

L x2=2x—1

oo o

4. What is the value of (x + ¢)*?
a. x>+ ¢
b. x> + cx + ¢
c. X2+t + ¢
d. x>+ cx®+ x+ ¢
e. x>+ 2cx+ ¢

5. What is the product of (2x + 6)(3x—9)?
a. 5x> — 54
b. 6x% - 54
c. 6x*+18x—15
d. 6x*—18x—15
e. 6x + 36x—54

QUADRATIC EXPRESSIONS AND EQUATIONS

6. What are the factors of x> — x — 6?
c(x=3)(x-2)
b. (x-3)(x+2)
c. (x+3)(x-2)
d. (x—6)(x+1)
e. (x—=1)(x+6)

i

7. What is one factor of x2 — 4?

a. x?

b. 4

c (x-1)
d. (x+2)
e. (x—4)

8. What are the factors of x> — 11x + 282
a. (x—4)(x-7)
b. (x—4)(x+7)
c (x+14)(x-2)
d. (x—14)(x+2)
. (x=11)(x+28)

o

9. What are the roots of x> — 18x + 32 = 0?
a. —4 and -8
b. —4and 8
¢. —2and -16
d. 2and -16
e. 2and 16

10. What are the roots of x* + 8x — 48 = 0?
a. —6and -8
b. -6and 8
c. 4and -12
d. -4 and 12
e. -4 and -12




11. The fraction % is equivalent to

1
a. (x—9)

1
b. (x+9)
_ 1
€. 2-81)

(x+9)
d. (x-9)
(x=9)
€. (x+9)

2_ - . .
12, The fraction % is equivalent to
(x+2)
a. (x— 8)
b (x+2)

* (x+7)

(x+7)
C x+2)
(x—4)
d. (x—8)
(x-8)
€ -9

4x—-45

2_ . .
13. The fraction m is equivalent to

(x+5)
a. (x_9)
(x+5)
b. (x+6)
(x=9)
C x+6)

(x-9)
d. (x+5)
(x+5)
€ (x+5)

14. The fraction mifj%? is equivalent to

a. -1

b. &3
¢ 63
d. i
. (gcx; 13 1) )

QUADRATIC EXPRESSIONS AND EQUATIONS

15. If x? — x = 12, what is one possible value of x?
a. —6
b. -2
c. 1
d.3
e 4

16. If x> — 3x — 30 = 10, what is one possible value
of x?
a. —10
b. 3
c. 5
d. 8
e. 10

17. If % = 6;;46 , what is one possible value of x?
a. >
b. -4
c.3
d.5
e. 11

18. If (x - 2)(x + 6) = —16, what is the value of x?
a. -6
b. —4
c. 2
d. 6
e.7




19.

20.

21.

22,

If (x—7)(x—5) = -1, what is the value of x?
a. -6

b. -4

c. 2

d. 6

e.7

The square of a number is equal to two less than
three times the number. What are two possible
values of the number?

a. 1,2

b. -1,2

c. 1,-2

d.-1,-2

e. 2,3

What is one value that makes the fraction
% undefined?

a. —7

b. -6

c. -2

d.2

e. 21

What values make the fraction ((fzngii;))
undefined?

a. -1,-7

b.1,-7

c. —1,7

d. 1,7
e.-1,-7,1,7

QUADRATIC EXPRESSIONS AND EQUATIONS

23.

24,

25.

26.

What is one value that makes the fraction ((;:2__ 1166))

undefined?
a. —16

. —4

-1

1

16

o a0 T

2
What is one value that makes the fraction %

undefined?
a. -3

o Ao o
O W v~ O

. 2_36
What values make the fraction m

undefined?
a. -8,-9
b. 6,6

9
24

9
T

e. 8,9

o

[=W

What is the vertex of the parabola whose equa-
tion is y = x> + 42

(—4,0)

b. (0,—4)

c. (=2,0)

d. (0,4)

e. (2,8)

®




QUADRATIC EXPRESSIONS AND EQUATIONS

27. Which of the following is the equation of a 30. What is the equation of the parabola shown
parabola whose vertex is (—3,—4)? below?
ay=x*-7
b.y=(x-3)>-4 y
c.y=(x—4)2-3
dy=(x+4)>-5 T4
e.y=(x+3)>-4 Z
+1
28. What is the vertex of the parabola whose equa- +——— o 3
tionisy = (x+2)>+2? IR
a. (2,2) :‘z
b. (-2,2) »
c. (2,-2)
d. (-2,-2)
e. (2,18)

a.y=(x-1)7%-2
b.y=(x+1)*-2
cy=(x-1)2+2

29. Which of the following is the equation of a
parabola whose vertex is (5,0)?

— 2

E-y—xZ;SS dy=(x+1)2+2
Ly =X — 22 _
c.yz(x—5)2 e.y=x"-3
d.y=(x+5)?

e.y=x*-25







CHAPTER

Factoring and
Multiplying
Polynomials

polynomial is an expression with more than one term, each with a different base. A binomial is
a polynomial with two terms; a trinomial is a polynomial with three terms.

» Multiplying Polynomials

To multiply two polynomials, multiply every term of the first polynomial by every term of the second polyno-
mial. Then, add the products and combine like terms.

Whatis (x + 4)(x* + 6x + 8)?
(x+4)(x%+6x+8), (x)(x2) =x3
(x+4)(x* + 6x + 8), (x)(6x) = 6x2
(x+4)(x*+ 6x+8), (x)(8) = 8x
(x+4) (x> + 6x+ 8), (4)(x?) = 4x?
(x+4)(x*+ 6x + 8), (4)(6x) = 24x
(x+4)(x*+6x+8),(4)(8) =32

Add the products and combine like terms: x° + 6x? + 8x + 4x? + 24x + 32 = x° + 10x% + 32x + 32.




FACTORING AND MULTIPLYING POLYNOMIALS

» Factoring Polynomials

To factor the kinds of polynomials you will encounter on the SAT, first look for a factor common to every term
in the polynomial, such as x or a constant. After factoring out that value, factor the monomial, binomial, or quad-
ratic that remains.

What are the factors of 3x% + 15x — 108?

First, factor out the constant 3: 3(x*> + 5x — 36). Then, factor the quadratic that remains: x*> + 5x — 36 =
(x—4)(x+9),and 3x% + 15x— 108 = 3(x —4)(x + 9).

» Finding Roots
As you saw in the last chapter, the roots of an equation are the values that make the equation true.
What are the roots of x*> — 9x* — 10x = 0?
First, factor out the variable x: x(x*> — 9x — 10). Then, factor the quadratic that remains: x> — 9x — 10 =

(x—10)(x + 1), and x> — 9x* — 10x = x(x — 10) (x + 1). Set each factor equal to 0 and solve for x: x = 0; x — 10 =
0,x=10; x + 1 =0, x = —1. The roots of this equation are 0,-1, and 10.

» Undefined Expressions

As you saw in previous chapters, a fraction is undefined when its denominator is equal to 0. If the denominator
of a fraction is a polynomial, factor it and set the factors equal to 0. The values that make the polynomial equal
to 0 are the values that make the fraction undefined.

For what values of x is the fraction % undefined?

Factor the denominator and set each factor equal to 0 to find the values of x that make the fraction undefined.
X+ 7x*=x*(x+7),x*=0,x=0;x+ 7 =0, x =—7. The fraction is undefined when x equals 0 or —7.

» Practice

1. 3x(x+6)(x-9) = 2. (> +5x-7)(x+2)=
a. —3x> + 6x—54 a. x> -3x2—17x— 14
b. —x* + 3x? + 24x b. x> +5x*—7x+ 14
c. —3x3 —3x% - 54 c. X>+7x*+17x— 14
d. -3x* + 6x-72 d. >+ 7x> +3x- 14
e. —3x> + 9x* + 162x e. 2x> + 10x% — 14x




3. (x-6)(x-3)(x-1)=
a. x>—18
b. x*—9x—18
c. xX>—8x*+27x-18
d. x*—10x>-9x—18
e. x> —10x*+27x— 18

4. What are the factors of 64x> — 16x?
a. 4(16x> — 16x)
b. 16(x*> — x)
c. 16x(4x?)
d. 16x(4x—-1)
e. 16x(2x—1)(2x+ 1)

5. What are the factors of 2x> + 8x> — 192x?
a. 2(x—8)(x+12)
b. 2x(x—8)(x + 12)
c. x(2x—-8)(x+24)
d. 2x(x+ 16)(x—12)
e. 2(x%—8x)(x2 + 12x)

6. Whatisarootof x(x—1)(x+ 1) =27 — x?
a. -9
b. -1
c.3
d. 1
e. 9
7. The fraction ((;2_*72:% is equivalent to

1
L)

x
b. (x-8)

(x+8)
C. (X—S)

d.x-8

e.x+8

FACTORING AND MULTIPLYING POLYNOMIALS

10.

11.

( +5)

. 246 . .
The fraction % is equivalent to

x+1)
x
b. &5
¢ (Sch ;i)
d. ((xx2++15))

(x+1)
e. (x% + 5x)

. 2x* + 4 . .
The fraction m is equivalent to

(x+2)
a. (x—6)

X
b. (x+2)(x+6)
1
C 2x-12)
(x+2)
d. 4x(x—6)

2x(x +2)
€. (x— 6)

What is one value that makes the fraction

éjf; 12255)) undefined?

a. —25

-V S
w

. No values make the fraction undefined.

. 24 75+ 12
What values make the fraction %

undefined?
a. 4,1

. —4,0,1

. —4,-1,0
.-1,0,4
.0,1,4

- -x




12. What is one value that makes the fraction 14.
C e
(4x + 442 + 120x) UNAeNNeds
a. -6
b. 4
c. -3
d. -2
e. -1

13. The cube of a number minus twice its square is
equal to 80 times the number. If the number is
greater than 0, what is the number? 15.
a. 4
b. 5
c. 8
d. 10
e. 20

FACTORING AND MULTIPLYING POLYNOMIALS

Four times the cube of a number is equal to 48
times the number minus four times the square of
the number. If the number is greater than 0, what
is the number?

a. 3

b. 4

c. 5

d.6

e.7

The product of 3 consecutive positive integers
is equal to 56 more than the cube of the first
integer. What is largest of these integers?

a. 3

b. 4

c. 5

d.6

e. 8




CHAPTER

Radicals and
Exponents

» Radicals

In order to simplify some expressions and solve some equations, you will need to find the square or cube root of
anumber or variable. The radical symbol, Vo, signifies the root of a value. The square root, or second root, of x
is equal to Vx, or Vx.If there is no root number given, it is assumed that the radical symbol represents the square
root of the number. The number under the radical symbol is called the radicand.

» Adding and Subtracting Radicals

Two radicals can be added or subtracted if they have the same radicand. To add two radicals with the same rad-
icand, add the coefficients of the radicals and keep the radicand the same.

2V2+3V2=5V2




RADICALS AND EXPONENTS

To subtract two radicals with the same radicand, subtract the coefficient of the second radical from the
coefficient of the first radical and keep the radicand the same.

6\V5-4V5=2V5

The expressions V3 + V2 and V3 — V2 cannot be simplified any further, since these radicals have
different radicands.

» Multiplying Radicals

Two radicals can be multiplied whether or not they have the same radicand. To multiply two radicals, multiply
the coefficients of the radicals and multiply the radicands.

(4V6)(3V7) = 12V42, since (4)(3) = 12 and (V6)(V7) = V/42.

If two radicals of the same root with the same radicand are multiplied, the product is equal to the value of
the radicand alone.

(\/8) (\/8) = 6. Both radicals represent the same root, the square root, and both radicals have the same rad-
icand, 6, so the product of V6 and V6 is 6.

» Dividing Radicals

Two radicals can be divided whether or not they have the same radicand. To divide two radicals, divide the coef-
ficients of the radicals and divide the radicands.

(10V15) R (U Vis _
V3 —5\/3, since 3 =5and 3 =5,

Any radical divided by itself is equal to 1; % =1.

» Simplifying a Single Radical

To simplify a radical such as \/@, find the square root of 64. Look for a number that, when multiplied by itself,
equals 64. Since (8)(8) = 64, the square root of 64 is 8;V64 = 8; V64 is equal only to 8, not —8. The equation
x* = 64 has two solutions, since both 8 and —8 square to 64, but the square root of a positive number must be
a positive number.

However, most radicals cannot be simplified so easily. Many whole numbers and fractions do not have roots
that are also whole numbers or fractions. You can simplify the original radical, but you will still have a radical in

your answer.
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To simplify a single radical, such as V32, find two factors of the radicand, one of which is a perfect
square; V32 = (V 16)(V2); V16 is a perfect square; the positive square root of 16 is 4. Therefore, V32 =
(V16)(V2) =4V2.

> Rationalizing Denominators of Fractions

An expression is not in simplest form if there is a radical in the denominator of a fraction. For example, the frac-
tion % is not in simplest form. Multiply the top and bottom of the fraction by the radical in the denominator.
Multiply % by % Since % = 1, this will not change the value of the fraction. Since any radical multiplied by
itself is equal to the radicand, (\/5)(\/5) =3; (4)(\/5) = 4V/3, so the fraction % in simplest form is #.

» Solving Equations with Radicals

Use the properties of adding, subtracting, multiplying, dividing, and simplifying radicals to help you solve equa-
tions with radicals. To remove a radical symbol from one side of an equation, you can raise both sides of the
equation to a power. Remove a square root symbol from an equation by squaring both sides of the equation.
Remove a cube root symbol from an equation by cubing both sides of the equation.

If Vx= 6, what is the value of x?
To remove the radical symbol from the left side of the equation, square both sides of the equation. In other
words, raise both sides of the equation to the power that is equal to the root of the radical. To remove a square

root, or second root, raise both sides of the equation to the second power. To remove a cube root, or third root,
raise both sides of the equation to the third power.

Vx=6,(Vx)?2=(6)%x=36Vx=3,(Vx)3=(3)3x=27

» Exponents

When a value, or base, is raised to a power, that power is the exponent of the base. The exponent of the term 42
is two, and the base of the term is 4. The exponent is equal to the number of times a base is multiplied by itself;
42 = (4)(4);2° = (2)(2)(2)(2)(2)(2).

Any value with an exponent of 0 is equal to 1;1°=1,10°=1,x° = 1.

Any value with an exponent of 1 is equal to itself; 1! = 1, 10! = 10, x! = x.




RADICALS AND EXPONENTS

» Fractional Exponents
An exponent can also be a fraction. The numerator of the fraction is the power to which the base is being raised.
The denominator of the fraction is the root of the base that must be taken. For example, the square root of a num-
1
ber can be represented as x?, which means that x must be raised to the first power (x' = x) and then the second,
1
or square, root must be taken; x2? = Vx.

47=(Vayp=2=38

It does not matter if you find the root (represented by the denominator) first, and then raise the result to
the power (represented by the numerator), or if you find the power first and then take the root.

47 =@y =\ei=3

> Negative Exponents

A base raised to a negative exponent is equal to the reciprocal of the base raised to the positive value of that exponent.

» Multiplying and Dividing Terms with Exponents

To multiply two terms with common bases, multiply the coefficients of the bases and add the exponents of
the bases.

(3x2)(7x*) = 21x°
(2x7%)(2x%) = 4x°2, or =

(xc)(xd) =5t d

To divide two terms with common bases, divide the coefficients of the bases and subtract the exponents of
the bases.

(27x°)

(9%) = 3x4
@) _x' 1
(8% — 4> O (4x)
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» Raising a Term with an Exponent to Another Exponent

When a term with an exponent is raised to another exponent, keep the base of the term and multiply the exponents.

() =5
(xc)d:xcd

If the term that is being raised to an exponent has a coefficient, be sure to raise the coefficient to the exponent

as well.

(3x2)3 = 27x°

(o) = Ay

» Practice

7y
1. V(32x%) = 4, Vi =
a. 4V2x a V3
b. 4xV2 \3/—
c. 4x\V'8 b. \/%
d. 16x ¢ %
e. 16x\V2 d.y
e. y\/g
2. 2V (a®) =
a. a*Va 5, V@) _
b. a® ' Vab -
c. Va a. %
d. a® b. Vab
e. a’ . ab
Ve d. abVab
3. 43 = wva
e. a’b?
a. 2
b. 4 6 2
C. \/é | n;ns
d 2V a. ”_:
g "
b. =
e. 2\/§ r:;
C.
l’l7
d. 2
nlO
e ¢




10.

—~
—~
D
<
=
<
~—
(S

a’b®
128

alell

o a0 g8

. (49%(g)) =

a. 8¢°
b. 8¢*
c. 8¢
d. 8¢'°
e. 8¢

NMopr
(pr)’%

o

e
RU)
<

RADICALS AND EXPONENTS

11. Ifa%=6,then @i =
a. V3
b. V6
c. 3V6

d. 6\V6
e. 36

12. If (Vp)i=gq2and g = —%, what is one possible

value of p?

1
3

a.
b.

o

d.

€.

O W W~ o~

13. What is the value of (a\/g)*“b ifa= % and b=9?

a.
b.

a o0
\O [OV] — W= o=

14. What is the value of ((xy)?)*if x=2and y = —x?

a.
1
b. R

(e
|

o
IS




15. If gV 108 = %, what is a value of g?

IS

.Q.. (g
D L eln

16. If (c\V/d)? = 48 and ¢ = 2, what is the value of d?

a. 2\/3
b.2V6
c. 6

d. 4\V6

e. 12

<

17. If( T )m = 5 what is the value of m in terms of n?

=
N

_|U1U||:

a
b.

3
- |

i

& ¢
3 |»

RADICALS AND EXPONENTS

18.

19.

20.

What is the value of (x7)(2x”)(3y¥) if x =2 and
y==22

a. 6

b. 8

c. 12

d. 24

e. 384

If n = 20, what is the value of \n/% > (% \/5)?
a. 5

5V5
b. =5~

c. 10
d.5\V5

e. 25

If a is positive, and a? = b = 4, what is the value of
bWWo,
()%
1
A T 024

b.
c.

d.

PO — | = ;l,_ %l,_







CHAPTER

} Sequences

sequence is a series of terms in which each term in the series is generated using a rule. Each value
in the sequence is a called a term. The rule of a sequence could be “each term is twice the previous

term” or “each term is 4 more than the previous term.” On the SAT, the rule of the sequence will
always be given to you. The first term of the sequence is referred to as the first term (not the zeroth term).

> Arithmetic Sequences

An arithmetic sequence is a series of terms in which the difference between any two consecutive terms in the
sequence is always the same. For example, 2, 6, 10, 14, 18, . . . is an arithmetic sequence. The difference between
any two consecutive terms is always 4.

Each term in the sequence below is five less than the previous term. What is the next term in the sequence?

38,33,28,23,...




SEQUENCES

To find the next term in the sequence, take the last term given and subtract 5, since the rule of the sequence is
“each term in the sequence is five less than the previous term”; 23 — 5 = 18, so the next term in the sequence is 18.

> Geometric Sequences

A geometric sequence is a series of terms in which the ratio between any two consecutive terms in the sequence
is always the same. For example, 1, 3,9, 27, 81, . . . is a geometric sequence. The ratio between any two consecu-
tive terms is always 3—each term is three times the previous term.

Each term in the sequence below is six times the previous term. What is the value of x?

2,12,x,432,...

To find the value of x, the third term in the sequence, multiply the second term in the sequence, 12, by 6, since
every term is six times the previous term; (12)(6) = 72. The third term in the sequence is 72. You can check your
answer by multiplying 72 by 6: (72)(6) = 432, the fourth term in the sequence.

Sometimes you will be asked for the 20th, 50th, or 100th term of a sequence. It would be unreasonable in
many cases to evaluate that term, but you can represent that term with an expression.

Each term in the sequence below is four times the previous term. What is the 100th term of the sequence?

3,12,48,192,...

Write each term of the sequence as a product; 3 is equal to 4° X 3; 12 is equal to 4! X 3, 48 is equal to 4% X
3,and 192 is equal to 4° X 3. Each term in the sequence is equal to 4 raised to an exponent, multiplied by 3. For
each term, the value of the exponent is one less than the position of the term in the sequence. The fourth term in
the sequence, 192, is equal to 4 raised to one less than four (3), multiplied by 3. Therefore, the 100th term of the
sequence is equal to 4 raised to one less than 100 (99), multiplied by 3. The 100th term is equal to 4%° X 3.

» Combination Sequences

Some sequences are defined by rules that are a combination of operations. The terms in these sequences do not
differ by a constant value or ratio. For example, each number in a sequence could be generated by the rule “dou-
ble the previous term and add one™: 5, 11, 23, 47, 95, . ..

Each term in the sequence below is one less than four times the previous term. What is the next term in
the sequence?

1,3,11,43,...

Take the last given term in the sequence, 43, and apply the rule; 4(43) -1 =172-1=171.
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Practice

Each term in the sequence below is nine less than
the previous term. What is the ninth term of the
sequence?
101,92, 83,74, ...
a. 9
b. 20
c. 29
d. 38
e. 119

Each term in the sequence below is % more
than the previous term. What is the eighth
term of the sequence?
6,75,9,103, ...
a. 15
b. 153
c 16
d. 163
e. 18

Each term in the sequence below is seven less
than the previous term. What is the value of
x—y2
12,5, x,y,-16, ...
a. 11
b. -9
c. -2
d.5
e 7

Each term in the sequence below is six more than
the previous term. What is the value of x + 22
X% 92,7513, ...
a. —16
b. -12
c. —10
d. -6
e. —4

SEQUENCES

5. Each term in the sequence below is % more
than the previous term. What is the value of
a+b+c+d?

2,a,b,3,¢,d,4,...

a. 10
b. 11
c 1l
d. 113
e. 12

Each term in the sequence below is —2 times
the previous term. What is the seventh term
of the sequence?
3,-6,12,-24, ...
a. 96
b. 192
c. 384
d. 768
e. 1,536

N

. .2 .
Each term in the sequence below is 5 times
the previous term. What is the seventh term
of the sequence?
16
18,12,8,%, ...

128

81
64
- 27
18

27
64

9

128
e

o o

&

Each term in the sequence below is five times
the previous term. What is the 20th term

of the sequence?
111y
125225055 Lo

a. 51°
b. 517
c. 59
d. 5%
e. 521




9. Each term in the sequence below is —4 times the
previous term. What is the value of xy?
x, y, —64, 256, . ..
. —256
—64
-16
16
64

o ap g B

10. Each term in the sequence below is three times
the previous term. What is the product of the
100th and 101st terms of the sequence?

1,3,9,27,...
a. 319
b. 3200
c. 3201

d 3300
e 39,900

11. Each term in the sequence below is two less than
three times the previous term. What is the next
term of the sequence?

-1,-5,-17,-53,...
a. —162
b. -161
c. —159
d. -158
e. —157

12. Each term in the sequence below is nine more
than % the previous term. What is the value of
y—x?

81,36,x,),...

SEQUENCES

13. Each term in the sequence below is 20 less than
five times the previous term. What is the value
of x + y?
x,0,y,-120,...

a.
b.
c. —24
d.
e. —16
14. Each term in the sequence below is two less than
% the previous term. What term of the sequence
will be the first term to be a negative number?
256, 126,61, 28.5, ...
a. seventh
b. eighth
c. ninth

d. tenth
e. eleventh

15. Each term in the sequence below is 16 more than
—4 times the previous term. What is the value of
x+y?

x; ¥, —80; 336; —-1,328; . ..

-32

-16

20

.22

26

-V S

16. Each term in the sequence below is equal to the
sum of the two previous terms.
...abcdef, ...
All of the following are equal to the value of d
EXCEPT
a.e—c
b.b+c¢
c.a+2b
d.e-2b

e.f—e




CHAPTER

Systems of
Equations

system of equations is a group of two or more equations in which the variables have the same
values in each equation. If the number of equations is greater than or equal to the number of

variables, you can find the value of each variable. The SAT typically features a system of two
equations with two variables. There are two techniques that can be used to solve systems of equations: substi-
tution and combination (sometimes referred to as elimination).

» Substitution

To solve a system of equations using substitution, take one equation and rewrite it so that you have the value of
one variable in terms of the other. Then, substitute that expression into the second equation and solve.
Solve this system of equations for x and y:

2x+2y=4
3y—4x=13
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Take the first equation and rewrite it so that you have the value of x in terms of y (you could also choose
to rewrite the equation with the value of y in terms of x). Subtract 2y from both sides of the equation and divide
by 2:

2x+2y=4
2x+2y-2y=4-2y
2x=4-2y

2 (4-2y)

27 2

x=2-y

Now that you have the value of x in terms of y, substitute this expression for x in the second equation and

solve for y:

3y—4(2-y)=13
3y—8+4y=13
7y—-8=13

7y =21

y=3

Now that you have the value of y, substitute 3 for y in either equation and solve for x:

x=2-(3)
x=-1

The solution to this system of equations is (—1,3). Alternatively, you could have used the second equation
to rewrite x in terms of y (or y in terms of x), but that would have been more cumbersome, since the expressions
would have involved fractions. There are many ways to approach solving a system of equations, and some meth-
ods work more easily that others, depending on the equations in the system.

» Combination

To solve a system of equations using combination, multiply one equation by a constant, and then add it to the other
equation to eliminate a variable. The same system of equations you just saw could also be solved using combination.

2x+2y=4
3y—4x=13
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Adding one equation to the other won’t eliminate either variable. But, if the first equation is multiplied by

2 and then added to the second equation, the x terms will drop out:

(2)2x+2y=4)=4x+4y=38

(4x +4y=38)
+ (By—4x=13)
7y =21

Divide both sides of the equation by 7, and you can see that y = 3, the same answer found using substitu-

tion. Now, substitute the value of y into either equation to find the value of x:

3(3)-4x=13
9-4x=13
—4x=4
x=-1

After finding the value of y using substitution, you found the value of x using the equation 2x + 2y = 4. After

find the value of y using combination, you found the value of x using the equation 3y — 4x = 13. In either exam-

ple, you could have used either equation, and you still would have arrived at the same answer.

When faced with a system of equations, you can use either substitution or combination to find the solution.

Both methods will work, although one may involve less work than the other.

» Practice

1.

Given the equations below, what is the value of x?

2x+y=6
S+4x=12
a. -2
b. 0
c. 1
d.3
e.6

Given the equations below, what is the value of b?

5a+3b=-2
5a—3b=-38
a. —6
b. 4
c. 6
d. 12
e. 13

3.

e

Given the equations below, what is one possible
value of y?
xy =32
2x—y=0
a. -8
b. -2
c 2
d. 4
e. 16

Given the equations below, what is the value of x?

3(x+4)-2y=5
2y—4x=38

a. -2

b. -1

c. 1

d. 13

e. 15




5.

N

®

Given the equations below, what is the value of b?
Ta+2=25
b+a=13

a. -3

b. 4

c. 12

d. 13

e. 16

Given the equations below, what is the value of y?

3x+7y=19
Y
X
1
a. g
b. 3
c 1
d.2
e 4

Given the equations below, what is the value of n?
2m+n)+m=9
3m—-3n=24

a. -5

b. -3

c.3

d.5

e. 8

Given the equations below, what is the value of b?
9a-2(b+4)=30
42q-3b=3

a. 2

b. 4

c. 6

d. 8

e. 10

SYSTEMS OF EQUATIONS

9.

10

11

12.

Given the equations below, what is one possible

value of p?
4pg—6=10
4p-2g=-14

a. -2

b. 3

c. 1

d.2

e 8

Given the equations below, what is the value of a?
7(2a + 3b) =56
b+2a=-4

a. -5

b. —4

c. 2

d. 4

e.6

Given the equations below, what is the value of y?

%x+6y:7
—4x—-15y=10
a. —-10
1
b.—3
c. 2
d.5
e. 6

Given the equations below, what is one possible

value of m?
mn+1)=2
m—-n=0

a. -2

b. -1

c. 0

d. 5

e. 2




13. Given the equations below, what is the value of ;2

14.

15.

16.

—d
S5-2=0

c—-6d=0
a. 2
b. 6
c. 8
d. 12
e. 14

SYSTEMS OF EQUATIONS

Given the equations below, what is the value of

a+b?
4a+6b=24
6a—12b=-6

a. 2

b. 3

c. 4

d.5

e.6

18.

Given the equations below, what is the value of

x—y2
I-2y=14
2x+6y=-6

a. 7/

b. 5

c. 7

d. 12

e. 17

Given the equations below, what is the value

of xy?
—5x + 2y =-51
—-xX—y=-6

a. —27

b. -18

c. —12

d. -6

e. -3

19.

20.

17.

Given the equations below, what is the value
of -2
m—6(n+2)=-8
6n+m=16
a. —10
b. -9
oL
d.o
e. 10

Given the equations below, what is the value of

y—x?
3x+4=-5y+8
9x+ 11y =-8

a. —12

b. -2

c. 2

d. 12

e. 14

Given the equations below, what is the value of

a+b?
Ha+3)-b=-6
3a—-2b=-5

a. 5

b. 15

c. 20

d. 25

e. 45

Given the equations below, what is the value
of ab?

10b-9a=6
b-a=1

a. —12

b. -7

c. 1

d.7

e. 12




21.

22,

23.

Given the equations below, what is the value of

Given the equations below, what is the value
of f?
4x+ 6 =-3y
2x+3=y+9
a. -6
b. -1
c. 0
d. 1
e 6

Given the equations below, what is the value of
(p+ 9%
8q+ 15p = 26
—5p +2q =24
a. 4
b. 5
c. 25
d. 49
e. 81

SYSTEMS OF EQUATIONS

24.

25.

Given the equations below, what is the value of
(y—x)%
9(x—1)=2—-4y
2y+7x=3
a. 1l
b. 4
c. 16
d. 25
e. 36

Given the equations below, what is the value of

a
3¢

S=b+1
3(a-b)=-21

IS

&

(¢}
W Wl W W o




CHAPTER

Functions,
Domain, and
Range

» Functions

A function is an equation with one input (variable) in which each unique input value yields no more than one
output. The set of elements that make up the possible inputs of a function is the domain of the function. The set
of elements that make up the possible outputs of a function is the range of the function.

A function commonly takes the form f{x) = x + ¢, where x is a variable and c is a constant. The values for x
are the domain of this function. The values of f(x) are the range of the function.

If fix) = 5x + 2, what is f(3)?

To find the value of a function given an input, substitute the given input for the variable. f(3) =5(3) + 2 =
15+2=17.

» Vertical Line Test

An equation is a function if it passes the vertical line test. To test if an equation is a function, draw the graph of
the equation. If you can draw a vertical line through any point of the graph and the line crosses the graph no more
than once, the equation is a function. If the vertical line crosses the graph more than once for any point, the equa-
tion is not a function.




Is y = x* a function?

FUNCTIONS, DOMAIN, AND RANGE

Is x = y* a function?

y
-4
=43
-2
-/
DS S N
T
T-2
T-3
T4
» Horizontal Line Test

For every value of x, only one y value is returned. There is no
value of x that can be substituted into the equation that can yield
more than one different value for y.

Look at the graph of y = x? at left.

If a vertical line is drawn through any point on the graph, it
will cross the graph of y = x? only once.

The equation y = x? passes the vertical line test, so it is

a function.

For every value of x that is greater than 0, two y values are
returned. If a vertical line is drawn through any point to the right
of the y-axis, it will cross the graph of the equation x = y? in
two places.

This equation fails the vertical line test, so it is not a function.

Always be wary of equations that are written in the form x =
rather than y =. For example, the equation x = ¢, where cis any con-
stant, is not a function for any value of ¢, since that is the graph of
a vertical line. A vertical line is not a function.

The horizontal line test can be used to determine how many dif-
ferent x values, or inputs, return the same f(x) value. Remember,
a function cannot have one input return two or more outputs, but
it can have more than one input return the same output. For
example, the function f{x) = x? is a function, because no x value
can return two or more f(x) values, but more than one x value can
return the same f(x) value. Both x = 2 and x = -2 make f(x) = 4.
To find how many values make f(x) = 4, draw a horizontal line
through the graph of the function where f(x), or y, = 4.
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You can see that the line y = 4 crosses the graph of f(x) = x? in exactly two places. Therefore, the horizontal
line test proves that there are two values for x that make f(x) = 4.

» Domain

The function f(x) = 3x has a domain of all real numbers. Any real number can be substituted for x in the equa-
tion and the value of the function will be a real number.

The function f(x) = x% has a domain of all real numbers excluding 4. If x = 4, the value of the function would
be %, which is undefined. In earlier chapters, you found the values for an expression that make the expression unde-
fined. In a function, the values that make a part of the function undefined are the values that are NOT in the domain
of the function.

What is the domain of the function f(x) = Vx?

The square root of a negative number is an imaginary number, so the value of x must not be less than 0. There-
fore, the domain of the function is x = 0.

» Range

As you just saw, the function f(x) = 3x has a domain of all real numbers. If any real number can be substituted

for x, 3x can yield any real number. The range of this function is also all real numbers.

Although the domain of the function f(x) = xf 7 is all real numbers excluding 4, the range of the function is

all real numbers excluding 0, since no value for x can make f(x) = 0.
What is the range of the function f(x) = Vx?

You already found the domain of the function to be x > 0. For all values of x greater than or equal to 0, the
function will return values greater than or equal to 0.

» Nested Functions

Given the definitions of two functions, you can find the result of one function (given a value) and place it directly
into another function. For example, if f(x) = 5x + 2 and g(x) = —2x, what is f(g(x)) when x = 3?

Begin with the innermost function: Find g(x) when x = 3. In other words, find g(3). Then, substitute the result
of that function for x in f(x); g(3) =-2(3) = -6, (—6) = 5(-6) + 2 =—-30 + 2 = —28. Therefore, f(g(x)) = —28 when
x=3.

What is the value of g(f(x)) when x = 3?
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Start with the innermost function—this time, it is f{x); f(3) = 5(3) + 2 = 15 + 2 = 17. Now, substitute 17 for
x1in g(x); g(17) =-2(17) = -34. When x = 3, f(g(x)) = —28 and ¢(f(x)) = —34.

» Newly Defined Symbols

A symbol can be used to represent one or more operations. For a particular question on the SAT, a symbol such
as # may be given a certain definition, such as “m#n is equivalent to m? + n.” You may be asked to find the value of
the function given the values of m and n, or you may be asked to find an expression that represents the function.

If m#n is equivalent to m? + n, what is the value of m#n when m = 2 and n = -2?

Substitute the values of m and # into the definition of the symbol. The definition of the function states that
the term before the # symbol should be squared and added to the term after the # symbol. When m =2 and n =
2mi+n=(2)>2+(=2)=4-2=2.

If m#n is equivalent to m? + 2n, what is the value of n#m?

The definition of the function states that the term before the # symbol should be squared and added to twice
the term after the # symbol. Therefore, the value of n#m = n* + 2m. Watch your variables carefully. The defini-
tion of the function is given for m#n, but the question asks for the value of n#m.

If m#n is equivalent to m + 3n, what is the value of n#(m#n)?

Begin with the innermost function, m#n. The definition of the function states that the term before the # sym-
bol should be added to three times the term after the # symbol. Therefore, the value of m#n = m + 3n. That expres-
sion, m + 3n, is now the term after the # symbol: n#(m + 3n). Look again at the definition of the function. Add
the term before the # symbol to three times the term after the # symbol. Add 7 to three times (# + 3n): n + 3(m
+3n)=n+3m+9n=3m+ 10n.




» Practice

1. The graph of f(x) is shown below. For how many
values is f(x) = 2?

=

a. 1
b. 2
c. 3
d. 4
e.5

2. The graph of f(x) is shown below. For how many
values is f(x) = 3?

a. 0
b. 1
c. 2
d. 3
e. 4
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3. The graph of f(x) is shown below. For how many
values is f(x) = 0?

a. 2
b. 3
c. 4
d.5
e. 8

4. The graph of f(x) is shown below. For how many

values is f(x) = =52

a. 0
b. 2
c. 4
d.5
e. 8




5. The graph of f(x) is shown below. For how many
values is f(x) = —2?

a. 0
b. 1
c. 2
d. 3
e. 4

6. If f(x) = 2x— 1 and g(x) = x?, what is the value of
flg(=3))2
a. -7
b. 2
c. 9
d. 17
e. 49

7. If f(x) = 3x + 2 and g(x) = 2x— 3, what is the
value of g(f(-2))?
a. —19
b. -11
c. -7
d. 4
e.

8. If f{x) = 2x + 1 and g(x) = x — 2, what is the value
of f(g(f(3)))?

a. 1
b. 3
c. 5
d.7
e. 11
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9. If flx) = 6x + 4 and g(x) = x> — 1, what is the
value of g(f(x))?
a. 6x> -2
b. 36x* + 16
c. 36x> +48x + 15
d. 36x> + 48x + 16
e. 6x°+4x>—6x—4

10. If f(x) = 4 - 2x* and g(x) = 2Vx, what is the
value of f(g(x))?
a. 4—16x
b. 4 - 8x
Cc. 4—4x
d. 4-2x
e.4—x

11. If w@z is equivalent to 3w — z, what is the value
of (w@z)@z?
a. 3w-2z
b. 6w -2z
c. Iw—-4z
d. 9w -3z
e. Iw-2z

12, If p&q is equivalent to ‘% + pg, what is the value of
q&p when p =4 and g = 22
a. -10
b. -8.5
c. 7.5
d. 4
e. 16

13. If j%k is equivalent to K, what is the value of
k% (j%k)?
a. ki
b.
c. ki+hk
d. jk+9
e. ki~




14.

15.

16.

17.

18.

If a?b is equivalent to 2%, what is the value of
a?(a?b) whena=6and b =-5?

a. —11

b. —%

c. -1

d. 1

17
e

If x/y is equivalent to y? — x, what is the value of
yAyry)E

a. y?—2x

b. y* -2y

c Y -2x2+x -y

d. -2y +y -y

ey =y +y -y

1

What is the domain of the function f(x) = 7 —5?

a. all real numbers excluding 0

b. all real numbers excluding 3 and -3

c. all real numbers greater than 9

d. all real numbers greater than or equal to 9

e. all real numbers greater than 3 and less than -3

What is the range of the function f(x) = x* — 4?
a. all real numbers excluding 0

b. all real numbers excluding 2 and -2

c. all real numbers greater than or equal to 0
d. all real numbers greater than or equal to 4
e. all real numbers greater than or equal to —4

Which of the following is true of f{x) = _sz?

a. The range of the function is all real numbers
less than or equal to 0.

b. The range of the function is all real numbers
less than 0.

c. The range of the function is all real numbers
greater than or equal to 0.

d. The domain of the function is all real numbers

greater than or equal to 0.

e. The domain of the function is all real numbers

less than or equal to V2.

FUNCTIONS, DOMAIN, AND RANGE

19. Which of the following is true of flx) = V4x—1?

a.

The domain of the function is all real num-
bers greater than % and the range is all real
numbers greater than 0.

. The domain of the function is all real numbers

greater than or equal to % and the range is all
real numbers greater than 0.

. The domain of the function is all real numbers

greater than or equal to % and the range is all
real numbers greater than or equal to 0.

. The domain of the function is all real num-

bers greater than 0 and the range is all real
1
numbers greater than or equal to 7.

. The domain of the function is all real numbers

greater than or equal to 0 and the range is all
real numbers greater than or equal to %.

-1

20. Which of the following is true of f{x) = - —?

a.

The domain of the function is all real numbers
excluding 5 and the range is all real numbers
less than or equal to 0.

. The domain of the function is all real num-

bers greater than 5 and the range is all real
numbers less than or equal to 0.

. The domain of the function is all real num-

bers greater than 5 and the range is all real
numbers less than 0.

. The domain of the function is all real numbers

greater than or equal to 5 and the range is all
real numbers less than 0.

. The domain of the function is all real numbers

greater than or equal to 5 and the range is all
real numbers less than or equal to 0.




Use the diagrams below to answer questions 21-25.

A B

/y\x N
/

y=Vx y=x
E
y
\J.
y:(x—3)2+1

21. Which of the coordinate planes shows the graph
of an equation that is not a function?
a. A
b. B
c C
d.D
e. A,D

FUNCTIONS, DOMAIN, AND RANGE

22,

23.

24,

25.

Which of the coordinate planes shows the graph
of a function that has a range that contains
negative values?

a. A

b. B

c D

d.B,D

e. A,B,D

Which of the coordinate planes shows the graph of
a function that has a domain of all real numbers?
a. B

b. D

c¢. E

d.B,D

e. B, VE

Which of the coordinate planes shows the graph of
a function that has the same range as its domain?
a. B, C

b. C,D

c. B,D

d. B,E

e. D,E

Of the equations graphed on the coordinate
planes, which function has the smallest range?
a. A

b. B

cC

d.D

e. E




CHAPTER

} Angles

» Naming an Angle

A ray is a line with one endpoint. Two rays that meet at their endpoints form an angle. The vertex of the angle

is the place where the two endpoints meet.

A4

The vertex of an angle determines its name. An angle is named by either its vertex
alone, its label (if it has one), or by the rays and the vertex that form the angle. The angle
at left could be named B, because that is its vertex, x, because that is its label, or ABC,
because it is formed by rays AB and BC. The angle could also be named CBA, since it is
formed by rays BC and BA. The order in which rays or line segments are named does not
matter, but the vertex of the angle must always be the middle letter.




ANGLES

» Types of Angles

Acute angles are angles that measure less than 90°. Obtuse angles are angles that measure greater than 90°. Right
angles are angles that measure exactly 90°. Straight angles measure exactly 180°. It is important to remember that
there are 180° in a straight line.

/N L

Acute Angle Obtuse Angle Right Angle Straight Angle

» Complementary, Supplementary, and Adjacent Angles

1
2 1 2

Complementary Angles Supplementary Angles

The measures of complementary angles add to 90° and the measures of supplementary angles add to 180°. Two
angles that combine to form a right angle.

Adjacent angles are two angles that share a common vertex and a common
ray. The complementary angles shown are also adjacent angles, as are the two
supplementary angles.

Adjacent Angles

» Vertical Angles and Alternating Angles

Intersecting lines form vertical angles. When two lines intersect, the angles
] A formed on either side of the vertex (the point of intersection) are called opposite,

or vertical, angles. Vertical angles are always congruent, or equal in measure.

473 Angles 1 and 3 are congruent, and angles 2 and 4 are congruent.

s/7 Parallel lines cut by a transversal (a third line that is not parallel to the first
two lines) also form vertical angles. Sets of vertical angles are called alternating
angles. In the diagram at left, the parallel lines and the transversal form eight




ANGLES

angles. The angles labeled 1 and 3 are vertical angles, as are the angles labeled 5 and 7. All four of these angles are
congruent. Notice how these congruent angles alternate back and forth across the transversal as you look down
the transversal. These vertical angles are alternating angles. Angles 1, 3, 5, and 7 are all alternating, and therefore,
congruent. In the same way, angles 2, 4, 6, and 8 are all alternating, and they are all congruent.

Angles 1 and 2 are not alternating, but they do form a line. These two angles are supplementary. Every odd-
numbered angle is congruent to every other odd-numbered angle, and every odd-numbered angle is supple-
mentary, and adjacent, to every even-numbered angle. In the same way, every even-numbered angle is congruent
to every other even-numbered angle, and every even-numbered angle is supplementary, and adjacent, to every odd-
numbered angle.

» Practice
Use the diagram below to answer questions 1-5. The diagram is not to scale.

3. If the measure of angle 4 is 6x + 20 and the meas-
ure of angle 7 is 10x — 40, what is the measure of
angle 62
a. 60°
b. 70°
c. 110°

5\6 d. 116°

8 K e. 120°

4. Which of the following is NOT true if the
measure of angle 3 is 90°?

~
v

4

1. If the measure of angle 2 is equal to 12x + 10

and the measure of angle 8 is equal to 7x— 1, a. Angles 1 and 2 are complementary.

what is the measure of angle 22 b. Angles 3 and 6 are supplementary.

a. 9° c. Angles 5 and 7 are adjacent.

b. 62° d. Angles 5 and 7 are congruent.

c. 108° e. Angles 4 and 8 are supplementary and

d. 118° congruent.

e. cannot be determined

5. If the measure of angle 2 is 8x + 10 and the
measure of angle 6 is x> — 38, what is the measure

2. If the measure of angle 5 is five times the measure of angle 8?

of angle 6, what is the measure of angle 5? a. 42°

a. 30° b. 74°

b. 36° c. 84°

c. 120° d. 108°

d. 130° e. 138°

e. 150°




Use the diagram below to answer questions 6-10. Lines

ANGLES

8.

AE, BF, GD, and ray OC all intersect at point O (not

labeled), and line AE is perpendicular to ray OC.

A
1
G B
711
6 = C
5|4
F D
QL
E

6. Which of the following pairs of angles are
complementary?
a. angles 1 and 2
b. angles 2 and 3
c. angles 1 and 4
d. angles 1,2, and 3
e. angles 1, 6,and 7

7. Which of the following number sentences is
NOT true?
a. angle 1 + angle 2 = angle 3 + angle 4
b. angle 1 + angle 2 + angle 3 + angle 7 =
angle 4 + angle 5 + angle 6
c. angle 2 + angle 3 = angle 6
d. angle 1 + angle 7 = angle 2 + angle 3

e. angle 2 + angle 3 + angle 4 + angle 5= 180

10.

If the measure of angle 3 is 2x + 2 and the meas-
ure of angle 4 is 5x — 10, what is the measure of
angle 7?

a. 14°

b. 30°

c. 60°

d. 90°

e. 115°

. If angle 1 measures 62° and angle 4 measures 57°,

what is the measure of angle 62
a, 33°

b. 61°

c. 72°

d. 95°

e. 119°

If the measure of angle 3 is 5x + 3 and the meas-
ure of angle 4 is 15x + 7, what is the sum of
angles 5 and 6?

a. 67°

b. 113°

c. 134°

d. 157°

e. cannot be determined
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Use the diagram below to answer questions 11-15.  13.

Lines EF and GH are parallel to each other and line

I] is perpendicular to lines EF and GH.

11.

12.

A C

E ¢

G¢ > H
/ ’ \
D B

Which of the following pairs of angles must

v
m

be congruent?

a. angles AIC and KIL
b. angles KIJ and JIL
c. angles AIE and JIL
d. angles AIF and KIF
e. angles ILH and IKG

If the measure of angle JLI is 8x — 4 and the
measure of angle JIL is 5x + 3, what is

the measure of angle AIE?

a. 14°

b. 38°

c. 48°

d. 52°

e. 128°

14.

15.

If the measure of angle GKI is 15x — 4 and the
measure of angle CIF is x*, what is the measure
of angle EIC?

a. 64°

b. 116°

c. 120°

d. 124°

e. 144°

If angles LIF and EIK are congruent, and

the measure of angle LIF is 6 greater than the
measure of angle JIL, what is the measure of
angle KIJ?

a. 42°

b. 48°

c. 54°

d. 87°

e. 90°

If angle JLB is three and a half times the size of
angle LIF, what is the measure of angle EIL?

a. 120°

b. 125°

c. 130°

d. 135°

e. 140°




ANGLES

Use the diagram below to answer questions 16-20.  18.
Lines CD and GH are perpendicular to each other, and

every line goes through point O (not labeled). Every

angle is greater than 0°.

19.

&
<

16. If lines EF and AB are perpendicular, the measure 20,
of angle 4 is 11x, and the measure of angle 1 is
7x, what is the measure of angle 4?
a. 8°
b. 35°
c. 44°
d. 45°
e. 55°

17. Which of the following number sentences is true?
a. angle 2 + angle 3 + angle 4 = angle 5 + angle 6
+ angle 7
b. angle 3 + angle 4 = angle 6 + angle 7
c. angle 1 + angle 2 + angle 3 = angle 2 + angle 3
+ angle 4
d. angle 2 + angle 6 = angle 3 + angle 7
e. angle 4 + angle 5 + angle 6 = angle 1 + angle 2
+ angle 8

If the sum of angles 2 and 3 is x? and the sum of
angles 6 and 7 is 10x, what is the sum of angles 4
and 5?

a. 80°

b. 88°

c. 90°

d. 98°

e. 100°

If the measure of angle 1 is 3x + 5 and the
measure of angle 6 is 5x — 3, what is the measure
of angle 2?

a. 17°

b. 38°

c. 52°

d. 73°

e. cannot be determined

If angle 4 is congruent to angle 7, which of the
following is NOT true?

a. angle 4 = angle 3

. angle 2 = angle 3

. angle 3 =angle 8

. angle 7 = angle 3

- -x

. angle 7 = angle 8
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Use the diagram below to answer questions 21-25.  23. Which of the following must be true?

Lines EF and GH are parallel to each other, lines CD and a. angle 13 + angle 14 = angle 13 + angle 15
IJ are parallel to each other, and line AB is perpendi- b. angle 16 + angle 10 = angle 11 + angle 15
cular to lines EF and GH. Every numbered angle is c. angle 1 + angle 8 = angle 19 + angle 15 +
greater than 0°. angle 20
d. angle 8 + angle 9 = 180
'ﬁ C / e. angle 14 + angle 15 + angle 16 = 180
/ 24, 1f angle 5 = 8x — 4 and angle 22 = 7x + 11, what is
E« 17 g 931; 7 512 > F the measure of angle 162
14 a. 92°
o 131/15 16/17 R 0
G5 /120 21/22 > H b. 95
19 c. 100°
D B J d. 116
e. 124°
21. If the sum of the measures of angles 8 and 9 is 25. If the sum of the measures of angles 20 and 14
133°, what is the measure of angle 3? is 15x + 6, and the sum of the measures of angles
a. 43° 20 and 15 is 18x, what is the measure of angle 19?
b. 47° a. 18°
c. 90° b. 36°
d. 133° c. 45°
e. 137° d. 54°

e. 90°

22, If the sum of the measures of angles 21 and 5 is

x* + 11 and the measure of angle 3 is 9x + 1,

what is the measure of angle 10?

a. 24°

b. 62°

c. 100°

d. 118°

e. 156°







CHAPTER

} Triangles

» Interior Angles

The three interior angles of a triangle add up to 180°. Triangles are named by their vertices. The triangle below
is named ABC, since the vertices A, B, and C comprise the triangle. This triangle could also be named BCA, BAC,
ACB, CBA, or CAB. The vertices must be named in order, starting from any one of the vertices.

A
50 If you know the measure of two angles of a triangle, you can find the
measure of the third angle by adding the measures of the first two angles and
subtracting that sum from 180. The third angle of triangle ABC at left is equal
to 180 — (50 + 60) = 180 — 110 = 70°.
X 60
B C
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» Exterior Angles

The exterior angles of a triangle are the angles that are formed outside the triangle. Here is another look at tri-
angle ABC, with each side of the triangle extended.
Adjacent interior and exterior angles are supplementary. Angle y

A and the angle that measures 50° are supplementary. Angle z is also sup-
Y N2 plementary to the angle that measures 50°, since these angles form a line.
S0 The measure of angle y is equal to 180 — 50 = 130°. Since angle z is also

supplementary to the 50° angle, angle z also measures 130°. Notice that
angles y and z are vertical angles—another reason these two angles are

u /70 60 \ W equal in measure.
B/ v XY The measure of an exterior angle is equal to the sum of the two inte-
rior angles to which the exterior angle is not adjacent. You already know

angle y measures 130°, since it and angle BAC are supplementary. However,
you could also find the measure of angle y by adding the measures of the other two interior angles. Angle ABC,
70, plus angle ACB, 60, is equal to the measure of the exterior angle of BAC: 70 + 60 = 130°, the measure of angles
yand z.

If you find the measure of one exterior angle at each vertex, the sum of these three exterior angles is
360°. The measure of angle y is 130°. The measure of angle u is 110°, since it is supplementary to the 70°
angle (180 — 70 = 110) and because the sum of the other interior angles is 110° (50 + 60 = 110). The measure
of angle w is 120°, since it is supplementary to the 60° angle (180 — 60 = 120) and because the sum of the other
interior angles is 120° (70 + 50 = 120). The sum of angles y, u, and w, is 130 + 110 + 120 = 360°.

» Types of Triangles

A If the measure of the largest angle of a triangle is less than 90°, the triangle is an
acute triangle. The largest angle in triangle ABC measures 80° therefore, it is
40 an acute triangle.
80 60

Acute Triangle

b If the measure of the largest angle of a triangle is equal to 90°, the triangle is
0 a right triangle. The largest angle in triangle DEF measures 90°; therefore, it is a
right triangle.
90 30

T

E Right Triangle




G\
H /

Obutse Triangle

X
85
35 60

Scalene Triangle

100
40 40

Isosceles Triangle

60
60 | 60
I

Equilateral Triangle

Z Y

» Practice

TRIANGLES

If the measure of the largest angle of a triangle is greater than 90°, the tri-
angle is an obtuse triangle. The largest angle in triangle GHI measures
120°; therefore, it is an obtuse triangle.

There are three other types of triangles. If no two sides or angles of a trian-
gle are equal, the triangle is scalene. If exactly two sides (and therefore, two
angles) of a triangle are equal, the triangle is isosceles. If all three sides (and
therefore, all three angles) of a triangle are equal, the triangle is equilateral.

In a triangle, the side opposite the largest angle of the triangle is the longest
side, and the side opposite the smallest angle is the shortest side. In scalene
triangle XYZ, side YZ is the longest side, since it is the side opposite the largest
angle. In an isosceles triangle, the sides opposite the equal angles are the equal
sides. In a right triangle, the angle opposite the right angle is the hypotenuse,
which is always the longest side of the triangle.

» Similar Triangles

Two triangles are similar if the measures of their corresponding angles are
identical. The lengths of the corresponding sides of similar triangles can be
different—it is the measures of the angles of the triangles that make the tri-
angles similar.

The sides of similar triangles can be expressed with a ratio. If triangles
JKL and MNO are similar, and each side of triangle JKL is twice as long as
its corresponding side of triangle MNO, the ratio of the sides of triangle JKL
to the sides of triangle MNO is 2:1.

1. If the measure of angle A of triangle ABC is 3x, 2. If the measure of angle A of triangle ABC is 5x + 10,
the measure of angle B is 5x, and the measure of the measure of angle Bis x + 10, and the measure
angle C is 4x, what is the value of x? of angle Cis 2x, which of the following is true of
a. 12° triangle ABC?

b. 15° a. Triangle ABC is acute and scalene.

c. 20° b. Triangle ABC is acute but not scalene.
d. 30° c. Triangle ABC is right but not isosceles.
e. 45° d. Triangle ABC is obtuse but not scalene.

e. Triangle ABC is obtuse and scalene.




3.

o

o
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The measure of an angle exterior to angle F of tri- Use the diagram below to answer questions 6-9. The

angle DEF measures 16x + 12. If angle F measures diagram is not to scale, and every angle is greater
8x, what is the measure of angle F? than 0°.
a. 7°

b. 49°

c. 56°

d. 102°

e. 124°

If the measures of angles A and B of triangle
ABC are each 2x + 5 and the measure of angle

Cis 3x— 5, what is the measure of angle exterior 5

to angle A?

a. 25°

b. 55°

c. 70° 6. Which of the following number sentences is
d. 110° NOT true?

e. 125° a. angle 1 + angle 2 = angle 5

b. angle 4 + angle 1 = angle 3 + angle 6
The measure of an angle exterior to angle F c. angle 3 + angle 2 = angle 4
of triangle DEF measures 120°. Which of the d. angle 1 + angle 2 + angle 3 = 180
following must be true? e. angle 4 + angle 5 + angle 6 = 360
a. Triangle DEF is obtuse.
b. Triangle DEF is acute. 7. If angle 6 measures 115° and angle 2 measures

c. Triangle DEF is equilateral.
d. Triangle DEF is scalene.
e. Triangle DEF is not isosceles.

75°, what is the measure of angle 4?

a
b
c.
d
e

. 75°

. 105°
115°
. 140°

. 190°




8.

10.

If angle 4 measures 7x + 2, angle 5 measures 8x,
and angle 6 measures 8x — 10, what is the meas-
ure of angle 1?

a. 52°

b. 62°

c. 66°

d. 114°

e. 118°

. If the measure of angle 1 is x> + 1, the measure of

angle 2 is 9x — 7, and the measure of angle 3 is
6x + 2, which of the following is true?

a. Triangle ABC is isosceles.

b. Triangle ABC is obtuse.

c. Triangle ABC is equilateral.

d. Triangle ABC is scalene.

e. Triangle ABC is right.

If the measure of angle F in triangle DEF is half
the sum of the measures of angles D and E, what
is the measure of an angle exterior to F?

a. 30°

b. 60°

c. 90°

d. 120°

e. cannot be determined

Use the diagram below to answer questions 11-13.

Triangles ABC and DEF are similar. The diagram is

not to scale, and every angle is greater than 0°.

A

TRIANGLES

11.

12.

13.

14.

If the length of AB is 90, the length of DE is 60,
and the length of AC is 72, what is the length
of DF?

a. 30

b. 36

c. 42

d. 48

e. 108

Every side of triangle DEF is greater than 3. If
the length of AB is 10x — 2, the length of AC is
6x, the length of DE is 2x + 2, and the length
of DF is x + 2, what is the length of DF?

a. 3

b. 4

c. 6

d. 10

e 12

If the length of BC is x and the length of EF is

%x, which of the following is NOT true?

a. The length of AB is 5 times the length of DE.

b. The measure of angle A is five times the meas-
ure of angle D.

c. The length of DF is % the length of AC.

d. Angle B is congruent to angle E.

e. The sum of the sides of triangle ABC is five
times the sum of the sides of triangle DEF.

Triangles JKL and MNO are congruent and equi-
lateral. If side JK measures 6x + 3 and side MN
measures x> — 4, what is the length of side NO?

a. 7

b. 42

c. 45

d. 60

e. cannot be determined




15. Triangles GHI and PQR are similar and isosceles.
If side HG of triangle GHI is congruent to side
PQ, its corresponding side in triangle PQR,
which of the following must be true?

a. Side GI is congruent to its corresponding side.
b. Angle G is congruent to angle R.

c. Angle G is congruent to angle I.

d. Side GH is congruent to side PR.

e. Angle H is not congruent to angle R.

Use the diagram below to answer questions 16-20.

Lines EF and GH are parallel. The diagram is not to
scale, and every angle is greater than 0°.

A C
i \2 3/ R
E < 5\6 7/8 >F
) NVZE .

G ¢ > H
1249\

D B

16.

If angles 6 and 7 are congruent, and the measure of

angle 13 is 94°, what is the measure of angle 82
a. 43°

b. 86°

c. 94°

d. 137°

e. 147°

17. If angle 3 measures 10x + 15, angle 10 measures
8x — 3, and angle 6 measures 3x + 7, what is the
measure of angle 7?

a. 40°
b. 55°
c. 65°
d. 85°
e. 125°

TRIANGLES

18. The measure of angle 5 is 10x + 2, the measure of

angle 11 is 4x — 4, and the measure of angle 13 is
7x — 6. What is the sum of angles 10 and 7?

a. 44°

b. 58°

c. 102°

d. 122°

e. 136°

The measure of angle 11 is twice the measure of
angle 14, and the measure of angle 8 is 2.5 times
the measure of angle 14. What is the measure of
angle 10?

a. 20°

b. 40°

c. 60°

d. 80°

e. 100°

If the triangle formed by lines AB, CD, and GH is
an isosceles right triangle, angle 8 is greater than
angle 7, and angle 8 is congruent to angle 5,
which of the following is NOT true?

a. angle 2 = angle 9 + angle 12

b. angle 13 =90°

c. Angles 11 and 14 are complementary.

d. angle 1 = angle 4

e. angle 3 = angle 12 + angle 13




CHAPTER

} Right Triangles

» Pythagorean Theorem

As you saw in the previous chapter, right triangles are triangles in which one angle measures 90°. Given the lengths
of two sides of a right triangle, the Pythagorean theorem can be used to find the missing side of the right triangle.

A
The Pythagorean theorem states that the sum of the squares of the bases of a
triangle is equal to the square of the hypotenuse of the triangle. If a is the length of
¢ one base, b is the length of the other base, and c is the length of the hypotenuse, then
a a’+b*=c%.
The formula can be rewritten to find any of the three sides. For instance,
[ a’>=c*—b?and b* = - a’.
B b C




B 4 C

RIGHT TRIANGLES

In triangle ABC at left, the bases are sides AB and BC, since the hypotenuse,A—C,
is the side opposite the right angle. To find AC, use the Pythagorean theorem. Square
sides a and b, and then add those squares; a? + b> = ¢2, (3)> + (4)> =%, 9 + 16 = &,
25 = ¢% Now, take the square root of both sides of the equation to find ¢; ¢ = V25,
¢ = 5. The length of side AC is 5 units.

» Common Pythagorean Triples

The three lengths of a right triangle are often referred to as Pythagorean triples. You just saw that 3:4:5 is a
Pythagorean triple. Another common Pythagorean triple is 5:12:13. Multiples of these triples are also Pythagorean
triples; 6:8:10, 9:12:15, and 12:16:20 are all multiples of the 3:4:5 triple. Multiples of the 5:12:13 triple are 10:24:26

and 15:36:39.

Common Right Triangles

There are two common types of right triangles often seen on the SAT: the 45-45-90 right triangle and the 30-60-

90 right triangle.
A
c
X
1

30

] 60

The 45-45-90 right triangle is an isosceles right triangle. Its angles measure
45°, 45°, and 90°. The bases of this right triangle are equal. If the bases each meas-
ure 2 units, what is the length of the hypotenuse? Using the Pythagorean theorem,
you can find that 22+ 22 =¢%, 8 =%, and c = V8, or 2\V/2. What if each base meas-
ured 3 units? Then, 32 + 32 = ¢, 18 = ¢, and ¢ = V18, or 3V 2. Notice that in both
cases, the length of the hypotenuse is V2 times the length of a base of the triangle.
This is always the case with 45-45-90 right triangles. The length of the hypotenuse
is V2 times the length of a base. In the same way, the length of a base is % times
the length of the hypotenuse.

The 30-60-90 right triangle is another type of right triangle. Its angles measure
30°,60°, and 90°. If side BC of triangle ABC at right is 2 units and side AB is 2\V3 units,
what is the length of the hypotenuse? Using the Pythagorean theorem again, you can
find that 22 + (2V/3)2 = %, 4 + 12 = %, = 16, and ¢ = 4. In every 30-60-90 right tri-
angle, the length of the hypotenuse is 2 times the length of the shorter base (the base
that is opposite the 30° angle). The length of the longer base (the base opposite the
60° angle) is always /3 times the length of the shorter base.




RIGHT TRIANGLES

» Trigonometry

There are three trigonometry functions that will appear on the SAT: sine, cosine, and tangent.

The sine of an angle is equal to the length of the base opposite the angle divided by the length of the hypotenuse.

The cosine of an angle is equal to the length of the base adjacent to the angle divided by the length of
the hypotenuse.

The tangent of an angle is equal to the length of the base opposite the angle divided by the length of the base
adjacent to the angle.

Use the mnemonic device SOHCATOA: Sine = 7222 Cosine = A(ijaiceme, and Tangent = Lepreite

Hypotenuse> Hypotenus Adjacent *
A
In triangle ABC, what are the sine, cosine, and tangent of angle C?
10 First, find the sine. Since AB is the side opposite angle C, divide the length of AB
8 by the length of the hypotenuse, AC: %, or %, is the sine of angle C. The cosine of Cis
equal to the side adjacent to angle C, side BC, divided by AC: %, or % The tangent of
] Cisequal to % = %, or %.
B 6 C Be sure to know the sine, cosine, and tangent of these common angles:
30° 45° 60°
sine 15 % %
cosine A V2 1
tangent % 1 V3
» Practice
1. The bases of a right triangle measure x — 3 and 2. If the length of a base of right triangle DEF is 8 units
x + 4. If the hypotenuse of the triangle is 2x — 3, and the hypotenuse of triangle DEF is 8\/5 units,
what is the length of the hypotenuse? what is the length of the other base?
a. 4 a. 4 units
b.5 b. 8 units
c. 8 c. 8V/2 units
d. 12 d. 16 units
e 13 e. 32 units
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If the lengths of the bases of right triangle GHI 7. The hypotenuse of an isosceles right triangle
are 9 units and 15 units respectively, what is measures x units. What is the length of a base of
length of the hypotenuse of triangle GHI? the triangle?

a. 6V/2 units ¥ units

b. 3V 34 units
c. 9V 34 units

a.
Ve .
b. 5 units

1 )
) C. 5X units
d. 18 units 2X U
e. 30 units d. ¥V 2 units
e. x% units

If the longer base of triangle XYZ is three times
the length of the shorter base, a, what is the length 8. Angle Q of triangle PQR is a right angle, and side

of the hypotenuse in terms of the shorter base? QR measures 4 units. If the sine of angle P is equal
a. aV2 to the sine of angle R, what is the length of side PR?
b. aV/3 a. % units
c.aVvlo V3
d. 3a b. Tz units
e. a c. 2V2 units

d. 4V2 units

Which of the following triangles is a multiple

of the triangle with sides measuring x, x — 5, and e. cannot be determined

x + 5, when x is greater than 0?

a. a triangle with sides measuring 1, 2, and 3 Use the diagram below to answer questions 9-10. Line
b. a triangle with sides measuring 3, 4, and 5 AB s parallel to line CD, and line GH is perpendicular
c. atriangle with sides measuring 1, 5, and 10 to lines AB and CD. The diagram is not to scale.

d. a triangle with sides measuring 5, 10, and 15

e. a triangle with sides measuring 5, 10, and 20 c f

Angle T of right triangle TUV measures 45°. If |

base TU measures 10 units, what is the length of A< »B

the hypotenuse of triangle TUV?

a. V2 units C ¢ J K >D

b. 10V/2 units \

c. 202 units ;_b F

d. 45\V/2 units

e. 100 units
9. If line segment JK is 16 units long, what is the

length of line segment IK?
a. 4 units

b. 4V/2 units

c. 8V/2 units

d. 16V/2 units

e. cannot be determined




10. If line CD is 25 units from line AB, and the
measure of angle IKD is 135°, what is the length
of line segment IK?

5 units

a.
b. 5V/2 units

25V2 .
7 units

. 25V/2 units

o

o

e. cannot be determined

11. Given right triangle ABC with right angle B,
angle A is twice the size of angle C. If the meas-
ure of side AB is 7 units, what is the measure of
side AC?

a. 72 units
b. 7V/3 units
¢. V7 units

d. V' 14 units

e. 14 units

Use the diagram below to answer questions 12—14.
Angle C measures 60°. The diagram is not to scale.

A

=

B C

12, If the length of side AB is 9 cm, what is the length
of side BC?

a. ? units
b. 3 units

c. 4.5 units
d. 33 units
e. 9\V/3 units

RIGHT TRIANGLES

13. If the hypotenuse of triangle ABC is 6x + 2 units
long, what is the length of side AB?
a. V 6x + 2 units
b. 3x + 1 units
c. (Bx+ 1)\/5 units
d. (6x+ 2)\/5 units
e. 12x + 4 units

14, If the sum of sides BC and AC is 12 units, what is
the length of side AB?
a. 2\V/3 units
b. 4 units
c. 4V/3 units
d. 8 units
e. 12V/3 units

15. Triangle ABC is an equilateral triangle and tri-
angle CDE is a right triangle. If the length of side
AE is 20 units, what is the length of side BD?

A

a. 12 units
b. 14 units
c. 16 units
d. 18 units
e. 20 units
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16. If angle B of isosceles triangle ABC is a right 18. If the cosine of angle Cis f, triangle ABC is not
angle, what is the tangent of angle A? isosceles, and x does not equal y, which of the
2. 0 following is also equal to %?
b. % a. sine of angle A
b. sine of angle C
« 1\/5 c. cosine of angle A
d. 5~ d. tangent of angle A
e. cannot be determined e.2

Use the diagram below to answer questions 17-20. The 19

If the sine of angle A is %, what is the cosine of

diagram is not to scale. angle A?
a >
A . 187
b. 5
12
¢ 17
17
d. 5
15
B € %

B c 20. If the tangent of angle A is 0.75 and the measure
of side AB is 4 less than the measure of side AC,
17. Ifline AB measures 3x — 6, line BC measures x> — 2x, what is the length of side BC?
and line AC measures 2x + 2, what is the tangent of a. 3 units
angle A? b. 4 units
a3 c. 6 units
5 d. 8 units
b. .
X e. 12 units
3x-6
C %xr2
(x2—2x)
d. (2x+2)
2x+2
€ 3x"6




Use the diagram below to answer questions 21-25.

Line EF is parallel to line GH, and line JL is perpendi-

cular to lines EF and GH. The diagram is not to scale.

21.

22,

A

If the length of side KM is 10 units and the
length of side LM is 5 units, what is the measure
of angle KIJ?

a. 0.5°

b. 30°

c. 45°

d. 50°

e. 60°

If the length of side LM is 8 units and the sum of
angles IK] and LKM is 60°, what is the length

of side KM?
16V3 .
3 units

a.
b. 8V/2 units
. 8\/3 units

. 16 units

e. 16\V/3 units

[g]

[=W
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23.

24.

25.

If the tangent of angle JIK is V'3, then

a. side LK is V/3 times the length of side LM.

b. side I] is V3 times the length of side JK.

c. the sine of triangle JIK is ?

d. the length of side IK is twice the length of
side JK.

e. the length of side IJ is equal to the length
of side JK.

If angle KMH is three times the size of angle
KML and the length of side JK is xV6 units, what
is the length of side IK?

a. x'V2 units

b. 2x\V/3 units

C. 3x units

d. 3xV/2 units

e. 2x\V/6 units

If the length of side IJ is 2x — 2, the length of
side IK is 2x + 1, the length of side KM is 3x — 1,
and the length of side LM is 2x + 2, what is the
length of side LM?

a. 9 units

b. 12 units

c. 15 units

d. 16 units

e. 20 units
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} Polygons

» Types of Polygons

A polygon is a closed figure with three or more sides. For example, a triangle is a polygon; so is a square. A cir-
cle, however, is not—it is a closed figure, but it does not have at least three sides.

You should be familiar with the names of polygons that have three to ten sides. A triangle is a polygon with
three sides. A quadrilateral has four sides, a pentagon has five sides, a hexagon has six sides, a heptagon has seven
sides, an octagon has eight sides, a nonagon has nine sides, and a decagon has ten sides.

» Regular Polygons

A regular polygon is an equilateral polygon—all sides of the polygon are the same length. An equilateral trian-
gle is a regular polygon.




POLYGONS

If A is the sum of the interior angles of a polygon, and s is the number of sides of the
polygon, then A = 180(s — 2).

Regular hexagon ABCDEF has six sides. Therefore, the sum of its interior angles
is 180(6 —2) = 180(4) = 720°. Since hexagon ABCDEF is a regular polygon, every side is
congruent to every other side, and every angle is congruent to every other angle.
To find the measure of an angle of a regular polygon, divide the sum of the interior

angles by the number of sides (angles) of the polygon. Every angle of a regular hexagon
measures 122 = 120°.

» Exterior Angles

The sum of the exterior angles of any polygon is 360°. Even if the polygon has 100 sides, its exterior angles will
still add up to 360°.

» Similarity

A B Two polygons are similar if the measures of their corresponding angles are identical. As with
similar triangles, the lengths of the corresponding sides of similar polygons can be different—
it is the measures of the angles of the polygons that make the polygons similar.

The sides of similar polygons can be expressed with a ratio. If polygons ABCD and EFGH

D C  aresimilar, and each side of polygon ABCD is four times the length of its corresponding side

E_F of polygon EFGH, the ratio of the sides of polygon ABCD to the sides of polygon EFGH is 4:1.

HDG The ratio of the perimeter of polygon ABCD to the perimeter of polygon EFGH is also 4:1.

The perimeter of a polygon is the sum of the lengths of its sides. To find the perimeter
of a triangle, add the lengths of each of its 3 sides. To find the length of a polygon with
12 sides, add the lengths of all 12 sides. The perimeter of hexagon ABCDEF is 48, since
8+8+8+8+8+8=48.

The perimeter of hexagon ABCDEF is also equal to (6)(8). The perimeter of a reg-

ular polygon is equal to the length of one side of the polygon multiplied by the number
of sides of the polygon.




» Practice

1. Heather draws two regular pentagons. Which of

the following is NOT always true?

a. The two regular pentagons are similar.

b. The two regular pentagons are congruent.

c. The sum of the interior angles of each penta-
gon is 540°.

d. The sum of the exterior angles of each penta-
gon is 360°.

e. Each side of each pentagon is congruent to
every other side of that pentagon.

» The sum of the interior angles of a polygon is

equal to three times the sum of its exterior angles.

How many sides does the polygon have?
a. 6 sides

b. 8 sides

c. 10 sides

d. 12 sides

e. cannot be determined

3. Andrea draws a polygon with x number of sides.

The sum of the interior angles of her polygon is
60 times its number of sides. How many

sides does Andrea’s polygon have?

a. 3 sides

b. 4 sides

c. 5sides

d. 6 sides

e. 10 sides

. If the sum of the interior angles of a polygon is
equal to the sum of the exterior angles, which of
the following statements must be true?

a. The polygon is a regular polygon.

b. The polygon has 2 sides.

c. The polygon has 4 sides.

d. The polygon has 6 sides.

e. It is impossible for these sums to be equal.

POLYGONS

5. The sum of the interior angles of a polygon is 9x2.

If x is 3 greater than the number of sides of the
polygon, how many sides does the polygon have?
a. 6 sides

b. 7 sides

c. 10 sides

d. 12 sides

e. 13 sides

» Pentagons ABCDE and FGHI]J are similar. The

ratio of each side of pentagon ABCDE to its cor-
responding side of pentagon FGHIJ is 4:1. If AB
and FG are corresponding sides, and the length
of AB is 4x + 4, what is the length of FG?
a.x+1

b. 2x+2

c. 4x+4

d. 16x+ 16

e. 20x+ 20

« Quadrilaterals ABCD and EFGH are similar. If

the perimeter of quadrilateral ABCD is equal to
4y, what is the perimeter of quadrilateral EFGH?
a. y?

b. 2y

c. 4y

d. 16y*

e. cannot be determined

. If the ratio of the perimeter of octagon ABCDE-

FGH to the perimeter of octagon STUVWXYZ is

1:1, which of the following must be true?

a. The two octagons are regular octagons.

b. The ratio of AB to ST is 1:1.

c. Atleast one side of octagon ABCDEFGH is equal
to at least one side of octagon STUVWXYZ.

d. The sums of the interior angles of each
octagon are equal.

e. The two octagons are similar, but not
necessarily congruent.
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Polygon ABCDEEF is similar to polygon GHIJKL.
If side ABis 12x + 6x and side GH is 8x + 4x,
and these sides are corresponding sides, what is
the ratio of the perimeter of polygon GHIJKL to
the perimeter of polygon ABCDEF?

a. 1:3

b. 2:1

c. 23

d. 3:1

e. 3:2

Regular polygon ABCDE is similar to regular
polygon TUVWX. Side AB is 5x — 1, and side
TU is 4x — 2. These sides are corresponding
sides. If the ratio of the perimeter of polygon
ABCDE to the perimeter of polygon TUVWX
is 4:3, what is the perimeter of polygon ABCDE?
a. 20 units

b. 24 units

c. 54 units

d. 72 units

e. 120 units

. If the perimeter of the figure below is 60 units,

what is the length of BC?
A _* B

2x + 2

D 3x C
a. 6 units
b. 10 units
C. 14 units
d. 16 units
e. 18 units

POLYGONS

12.

13.

14.

15.

The perimeter of a regular seven-sided polygon
is 11x — 4. If x = 8, what is the length of one side
of the polygon?

a. 8 units

b. 12 units

c. 13 units

d. 15 units

e. 56 units

The ratio of the lengths of a side of regular
pentagon ABCDE to the length of a side of regu-
lar hexagon PQRSTU is 5:6. If the perimeter of
pentagon ABCDE is 75 units, what is the perime-
ter of hexagon PQRSTU?

a. 15 units

b. 18 units

c. 36 units

d. 90 units

e. 108 units

What is the perimeter of an isosceles right
triangle whose hypotenuse is 5V2 units?
a. 5 units

b. 15 +V/2 units

c. 10 + 5V/2 units

d. 15V/2 units

e. 25V/2 units

If the sum of the interior angles of a regular
polygon equals 720°, and the length of one

side of the polygon is 3x?, what is the perimeter
of the polygon?

a. 18x? units

b. 18x!2 units

C. 24x* units

d. 24x!'? units

e. 27x2 units
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} Quadrilaterals

quadrilateral is a polygon with four sides. The interior angles of any quadrilateral add up to
360°. Since the sum of the exterior angles of any polygon is 360°, the sum of the exterior angles

of a quadrilateral is 360°.

» Diagonals

The lines that connect opposite angles of a quadrilateral are its diagonals. A diagonal of a quadrilateral cuts the
quadrilateral into two triangles.
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» Types of Quadrilaterals

D C
Parallelogram

E F

H G
Rhombus

Rectangle

M N

Square

» Practice

A parallelogram is a quadrilateral that has two pairs of parallel sides. The opposite sides
of a parallelogram are parallel and congruent. Opposite angles are congruent and
pairs of angles that are not opposite are supplementary. Sides AB and CD of parallel-
ogram ABCD are parallel and congruent. Sides BC and AD are also parallel and con-
gruent. Angles A and C are congruent, as are angles B and D. Angle A is supplementary
to angles B and C; angle D is also supplementary to angles B and C. The diagonals of
a parallelogram bisect each other.

Therefore, line segments AE = EC and line segments BE = ED. The two diagonals
themselves, line segments AC and BD, are not necessarily congruent.

A rhombus is a parallelogram with four congruent sides. Since a rhombus is a par-
allelogram, its opposite sides are parallel and its opposite angles are congruent. Not only
do the diagonals of a rhombus bisect each other, they are perpendicular to each other.

A rectangle is a parallelogram with four right angles. Since a rectangle is a par-
allelogram, its opposite sides are parallel and congruent. All four angles are congruent
(all measure 90°) and the diagonals of a rectangle are congruent. In rectangle IJKL at
left, side IK = side JL.

A square is a parallelogram with four congruent sides and four right angles.
Also true is that a square is a rectangle with four congruent sides or that a square is
a rhombus with four right angles. The diagonals of a square bisect each other, inter-
sect at 90° angles, and are congruent.

1. Andrew constructs a polygon with four sidesand 2. Angle E of rhombus EFGH measures 3x + 5. If

no right angles. His polygon the measure of angle H is 4x, what is the measure
a. could be a parallelogram, but cannot be a of angle F?
rectangle. a. 20°
b. could be a rhombus, but cannot be a b. 80°
parallelogram. c. 100°
c. could be a rectangle, but cannot be a square. d. 120°
d. could be a parallelogram or a rectangle, but e. 140°

not a square.

e. cannot be a parallelogram, rhombus,

rectangle, or square.
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DeDe has four identical line segments. Using
them, she can form

a. a square or a rhombus, but not a rectangle.

b. a rhombus, but not a parallelogram.

c. asquare or a rectangle, but not a parallelogram.
d. a square, but not a rhombus or a rectangle.

e. asquare, rhombus, rectangle, or parallelogram.

The diagonals of rectangle ABCD intersect at E.
Which of the following is NOT always true?

a. angle AEB = angle DEC

. angle EDC = angle EBA

. angle DAE = angle EDA

. angle DCE = angle ECB

. angle ECD = angle ABE

- -x

Monica draws a quadrilateral whose diagonals
form four right triangles inside the quadrilateral.
This quadrilateral

a. must have four congruent angles.

. must have four congruent sides.

. must have congruent diagonals.

. must be a square.

. all of the above

o a6 o

The length of a rectangle is four less than twice
its width. If x is the width of the rectangle, what
is the perimeter of the rectangle?

a. 2x* —4x

b. 3x—4

c. 6x—4

d.6x+4

e 6x—38

The length of one side of a rhombus is x* — 6. If
the perimeter of the rhombus is 168 units, what
is the value of x?

a. 4\V3

b. 7

c. 8

d. 4V6

e. V174

QUADRILATERALS

10.

11.

The length of a rectangle is four times the length
of a square. If the rectangle and the square share a
side, and the perimeter of the square is 2 m, what
is the perimeter of the rectangle?

a. 5 units

b. 6 units

c. 8 units

d. 10 units

e. 20 units

If the perimeter of a parallelogram ABCD is

equal to the perimeter of rhombus EFGH

and the perimeter of square IJKL, then

a. these three figures must be three congruent
squares.

b. every side of the rhombus must be congruent
to every side of the square.

[g]

. the parallelogram must also be a rhombus.
d. the parallelogram must not be a square or
a rhombus.
e. the rhombus could be a square, but the paral-
lelogram must not be a square.

Four squares are joined together to form one
large square. If the perimeter of one of the origi-
nal squares was 8x units, what is the perimeter of
the new, larger square?

a. 16x units

b. 20x units

C. 24x units

d. 32x units

e. 64x units

What is the perimeter of a square with a diagonal
measuring 2xV/2 units?

a. 2x units

b. 4x units

c. 4x'V/2 units

d. 8x units

e. 8x\V/2 units




12.

13.

QUADRILATERALS

Diagonal AC of rectangle ABCD creates angle 14. Diagonal AC of rectangle ABCD creates angle
ACB, the tangent of which is 8. If the length ACD, the cosine of which is % If the lengths
of side BC is 8 units, what is the perimeter of of the sides of rectangle ABCD are all integers,
rectangle ABCD? which of the following could be the perimeter
a. 18 units of rectangle ABCD?
b. 32 units a. 18 units
c. 64 units b. 25 units
d. 72 units c. 30 units
e. 144 units d. 34 units
e. 50 units
If the perimeter of a square is equal to 5x + 1
and the length of the diagonal of the square is 15. Angle A of rhombus ABCD measures 120°. If one
(2x—2)V2, what is the length of a side of side of the rhombus is 10 units, what is the length
the square? of the longer diagonal?
a. 2 units a. V3 units
b. 4 units b. 5 units
c. 8 units c. 5V/3 units
d. 10 units d. 10 units
e. 11 units e. 10V/3 units




CHAPTER

Area and
Volume

» Area
The area of a two-dimensional figure is the amount of space within the borders of the figure. Area is always meas-

ured in square units, such as in.? or cm?.

» Area Formulas for Common Shapes

A These formulas will be given to you at the SAT; you do not need to memorize them.

Area of a Triangle: %bh, where b is the base of the triangle, and 4 is its
height. Triangle ABC has a base of 4 units and a height of 5 units. The area of the
triangle is equal to %bh = %(4)(5) = %(20) = 10 square units.

(&)

B 4 C
Area of a Rectangle: lw, where [ is the length of the rectangle, and w is its
E g width. Rectangle EFGH has a length of 8 units and a height of 4 units. The area
of the rectangle is equal to Iw = (8)(4) = 32 square units.
4
H 8 G
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Although the area of a square can be found using the formula for the area of a rectangle, the area of a square
could also be described as s, where s is the length of a side of the square, since the length and width of a square
are equal. If the length of one side of a square is 3 units, then the area of the square is (3)? = 9 square units.

» Volume

The volume of a three-dimensional figure is the amount of space the figure occupies. Volume is always measured

3 3

in cubic units, such as in.” or cm?.

» Volume Formulas for Common Shapes

These formulas will also be given to you at the SAT, so you do not need to memorize these either.

3 Volume of a Cylinder: 1tr*h, where r is the radius of the cylinder, and h is its
height. The cylinder has a height of 10 units and a radius of 3 units. The volume of
10 the cylinder is equal to 7tr*h = (3)2(10) = 7(9)(10) = 907 cubic units.

Volume of a Rectangular Solid: /wh, where [ is the length of the rectangular
solid, w is its width, and h is its height. The rectangular solid has a length of 8 units,
a width of 2 units, and a height of 4 units. The volume of the rectangular solid is
Iwh = (8)(2)(4) = 64 cubic units.

Although the volume of a cube can be found using the formula for the volume

of a rectangular solid, the volume of a cube could also be described as ¢®, where e is
the length of an edge of the cube. The length, width, and height of a cube are all the
same, so multiplying the length, width, and height is the same as cubing any one of

8 those measurements.

» Surface Area

The surface area of a three-dimensional shape is the sum of the areas of each side

of the shape. For instance, the surface area of a cube is equal to the sum of the areas
of the six squares that comprise the cube. The area of one square of the cube is equal

to (5)(5) = 25 square units. Since all six squares that comprise the cube are identi-

5 cal, the surface area of the square is equal to (25)(6) = 150 square units.
The surface area of a rectangular solid is equal to the sum of the areas of the

6 rectangles (3 pairs of congruent rectangles) that comprise the rectangular solid.

6 The rectangular solid is composed of two rectangles that measure 6 units by 10 units,
two rectangles that measure 6 units by 3 units, and two rectangles that measure 3

units by 10 units. The surface area of the rectangular solid is equal to 2(6 X 10) +
10 2(6 X 3) +2(3 X 10) =2(60) + 2(18) + 2(30) = 120 + 36 + 60 = 216 square units.
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Practice

If the height of a triangle is half its base, b, what
is the area of the triangle?

a. %b
b. ;b2
c. %b
d. 3b?
e. b

An isosceles right triangle has a hypotenuse of
x'V 6 units. What is the area of the triangle?

a. xV 3 square units

. 2x2 square units

. 3x square units

. 3x? square units

[ - =x

. 9x square units

Triangle DEC is inscribed in rectangle ABCD.
If side AB = 30 units, side EC = 17 units, and
side AE = side EB, what is the area of triangle DEC?

A E B

D C

a. 60 square units

b. 120 square units
c. 136 square units
d. 240 square units
e. 255 square units

What is the area of an equilateral triangle that
has a perimeter of 36 units?

a. 36\/3 square units

b. 72 square units

c. 72\V3 square units

d. 108 square units

e. 144 square units

AREA AND VOLUME

5.

N

If the length of AB of square ABCD is x units,
and the length of EF is % of AD, what is the size
of the shaded area?

A B

E
1
1
1
1
1
1
F

C
1 :
a. x> —5x square units
1 :
b. x? —3x square units
1, :
c. 3x? square units
2 :
d. x> — 5x square units

22 :
e. 3Xx° square units

The area of a rectangle is x> + 7x + 10 square
units. If the length of the rectangle is x + 2 units,
what is the width of the rectangle?

a. x + 2 units

b. x + 4 units

c. x+ 5 units

d. 2x + 4 units

e. x> + 6x + 8 units

If the lengths of the sides of a square are halved,
the area of the new square is

a. one-fourth the area of the old square.

b. one-half the area of the old square.

c. equal to the area of the old square.

d. twice the area of the old square.

e. four times the area of the old square.




8. The perimeter of a square is 3x — 4 units. If the
area of the square is 25 square units, what is
the value of x?

a. 5
b. 6
c.7
d.8
e. 20

9. The length of a rectangle is two less than three
times its width. If the area of the rectangle is
96 cm?, what is the length of the rectangle?

a. 6 cm
b. 8 cm
c. 16 cm
d. 18 cm
e. 20 cm

10. AC is a diagonal of rectangle ABCD below. If
angle ACD is 30° and AC = 20 units, what is
the area of rectangle ABCD?

A B

D C

a. 50 square units

b. 50V3 square units
c. 100 square units

d. 100V3 square units
e. 200 square units

11. A cylinder has a volume of 457 in.%. Which of
the following could be the radius and height
of the cylinder?

a. radius = 3 in., height = 5 in.
b. radius = 3 in., height = 15 in.
c. radius = 5 in., height = 3 in.
d. radius = 9 in., height = 5 in.
e. radius = 9 in., height = 10 in.

AREA AND VOLUME

12.

13.

14.

Terri fills with water % of a glass that is 15 cm tall.
If the radius of the glass is 2 cm, what volume of
water is in Terri’s glass?

a. 10w cm’®

b. 201 cm?

c. 30w cm’®

d. 40w cm?®

e. 60w cm’

The height of cylinder B is three times the height

of cylinder A, and the radius of cylinder B is % the

radius of cylinder A. Which of the following

statements is true?

a. The volume of cylinder B is % the volume of
cylinder A.

b. The volume of cylinder B is % the volume of
cylinder A.

c. The volume of cylinder B is the same as the
volume of cylinder A.

d. The volume of cylinder B is 3 times the volume
of cylinder A.

e. The volume of cylinder B is 9 times the volume
of cylinder A.

The radius of a cylinder is 2x and the height of
the cylinder is 8x + 2. What is the volume of the
cylinder in terms of x?

a. (16x% + 4x)m

b. (16x° + 4x*)w

c. (32x*+8x)m

d. (32x% + 8x)m

e. (128x3 + 64x% + 8x)1

« The height of a cylinder is four times the radius

of the cylinder. If the volume of the cylinder is
2561 cm?, what is the radius of the cylinder?
a. 4cm

b. 8 cm

¢. l6cm

d. 24 cm

e. 32cm




16.

17.

18.

19.

The length of a rectangular solid is twice the sum
of the width and height of the rectangular solid. If
the width is equal to the height and the volume of
the solid is 108 in.?, what is the length of the solid?
a. 31in.

b. 6 in.

c. 8in.

d. 9in.

e. 121in.

The area of one face of a cube is 9x square units.
What is the volume of the cube?

a. 27V x cubic units

b. 27x cubic units

c. 27xVx cubic units

d. 27x? cubic units

e. 27x3 cubic units

The volume of rectangular solid A is equal to
the volume of rectangular solid B. If the length
of solid A is three times the length of solid B,
and the height of solid A is twice the height of
solid B, then

a. the width of solid B is 5- the width of solid A.
b. the width of solid B is ¢ the width of solid A.
. the width of solid B is % the width of solid A.
. the width of solid B is five times the width of
solid A.
e. the width of solid B is six times the width of
solid A.

[g]

o

The volume of Stephanie’s cube is equal to 64x°.
What is the area of one face of her cube?

a. 4x?

b. 8x?

c. 8x3

d. 16x*

e. 32x3

AREA AND VOLUME

20.

21.

22,

23.

The length of a rectangular solid is 6 units, and
the height of the solid is 12 units. If the volume
of the solid is 36 cubic units, what is the width of
the solid?

a. %units

b. 2 units

c. 3 units

d. 6 units

e. 12 units

A rectangular solid measures 4 units by 5 units
by 6 units. What is the surface area of the solid?
a. 60 square units

b. 74 square units

c. 110 square units

d. 120 square units

e. 148 square units

Danielle’s cube has a volume of 512 in.>. What is
the surface area of her cube?

a. 641in.?

b. 132 in.?

c. 384in.?

d.512in.?

e. 3,072 in.2

The surface area of a rectangular solid is 192 cm?.
If the height of the solid is 4 units and the length
of the solid is 12 units, what is the width of the
solid?

a. 2 units

b. 3 units

c. 4 units

d. 6 units

e. 12 units




24. The volume of a cube is x> cubic units, and the 25.

surface area of the cube is x> square units. What

is the value of x?

a. 1 unit

b. 3 units

C. 4 units

d. 5 units

e. 6 units

AREA AND VOLUME

The width of a rectangular solid is twice the
height of the solid, and the height of the solid is
twice the length of the solid. If x is the length of
the solid, what is the surface area of the solid in
terms of x?

a. 8x?

b. 11x?

c. 14x?

d. 22«7

e. 28x?




CHAPTER

} Circles

circle is a closed figure, but it is not a polygon. It is a 360° arc in which every point on the arc is
the same distance from a single point—the center of the circle. An arc is a curved line that makes

up part or all of a circle. If a circle is comprised of two arcs, the larger arc is called the major arc,
and the smaller arc is called the minor arc.

» Circumference

The circumference of a circle is the distance around the circle. The circumference
B of a circle is equal to 27tr, where 7 is the radius of the circle. The radius of a circle
is the distance from the center of the circle to any point on the circle. CO is a radius
of the circle. The diameter of a circle is the length of a straight line from a point
on one side of the circle, through the center of the circle, to another point on the
other side of the circle. AB is a diameter of the circle. The diameter of a circle is
twice the radius. The circumference of a circle can also be given as d, where d is
the diameter of the circle. The formula for circumference will be given on the SAT;
you do not need to memorize it.
A The circle has a radius of 5 units. Therefore, its diameter is (2)(5) = 10 units,
and its circumference is (21)(5) = 107 units.




> Area

CIRCLES

The area of a circle is the amount of space within the border of the circle. As with polygons, area is always meas-

ured in square units, such as in.2 or cm?. The area of a circle is equal to 7tr2. This formula will also be given to you

at the SAT; you do not need to memorize it.

The circle on the previous page has a radius of 5 units. Therefore, its area is equal to Tt(5)? = 257 square units.

» Central Angles

B
A

80°

> Area of a Sector

B

» Arc Length

A central angle is an angle whose vertex is at the center of the circle and whose ver-
tex is formed by two radii. The arc formed by the two radii is the intercepted arc
of the central angle. A central angle and its intercepted arc are equal in measure.
In the circle, radii AO and BO form central angle AOB, which measures 80°.
Therefore, intercepted (minor) arc AB also measures 80°. Major arc AB, the longer
distance from A to B, measures 360 — 80 = 280°, since there are 360° in a circle.

The area of a sector is the area of a fraction of a circle. Multiply the area of a cir-
cle by the fraction of the circle represented by the sector. The size of the sector is
equal to the angle of the sector divided by 360, since there are 360° in a circle.
The circle has a sector whose angle measures 90°, and the radius of the cir-
cle is 10 units. The area of the circle is t(10)? = 1007 square units. The area of the
sector is equal to a fraction of that: %(IOOR) = i (100m) = 25w square units.

The length of an arc is the distance between two points on a circle. You saw how the area of a sector is equal to a

fraction of the area of a circle. The length of an arc is equal to a fraction of the circumference of a circle. Two radii

form a central angle and its intercepted arc. The length of that arc is equal to the size of the central angle divided

by 360, multiplied by the circumference of the circle.

The circle above has a radius of 10 units. Therefore, its circumference is 27t(10) = 207 units. Minor arc AB
is formed by two radii that meet at a 90° angle. The length of arc AB is equal to %(ZOE) = i(ZOn) = 5T units.




» Practice

Use the diagram below to answer questions 1-5. The
diagram is not to scale.

C

D

1. If the length of AO is 15 units, what is the cir-
cumference of the circle?
a. 157 units
b. 30 units
¢. 307 units
d. 225 units
e. 2257 units

2. If the measure of angle AOC is 60°, what is the
measure of arc DB?
a. 30°
b. 60°
c. 120°
d. 300°
e. cannot be determined

CIRCLES

3. If the length of OD is 6 units and the measure of
angle COB is 100°, what is the length of arc CB?
a. %Jt units

. 127 units

50 .

. 3 T units

. 6007 units

. 1,2007 units

[ - I =x

P~

If the area of the circle is 1967 square units, what
is the length of CD?

a. % units

. 7 units

. 14 units

. 28 units

. 98 units

o A6 o

If the length of OA is 8 units and the measure of
angle AOC'is 50°, what is the area of sector AOC?

5 .
a. 77 square units
10 .
b. 5T square units
32 .
C. 55T square units
80 .
d. 5 square units

e. 9T square units




CIRCLES

Use the diagram below to answer questions 6-9. The 9. If the radius of the circle is 9 units, what is the
diagram is not to scale. length of arc DB?
a. én units
c b. 17 unit
A .
€. 2T units

d. 36T units
e. 547 units
80°
10. Jasmin draws a circle with a radius of 9x%. What
is the area of her circle?
B a. (4.5x?)1 square units
D b. (3x)T square units
c. (18x*)7 square units
6. If the radius of the circle above is 12 units, which d. (27%°)m square units
sector has an area of 247w square units? e. (81x")m square units

a. sector EOD

b. sector DOB 11. If the circumference of a circle triples, the area of
c. sector BOC the circle becomes
d. sector AOC a. 9 times smaller.
e. sector EOA b. 3 times smaller.

c. 3 times bigger.
d. 6 times bigger.

7. If the radius of the circle is 15 units, what is the : ‘
area of sector DOB? e. 9 times bigger.
a. % square units
b. 22.5m square units 12. If the area of a circle is (121x)® square units,
¢. 25T square units what is the circumference of the circle?
d. 457 square units a. (1 lﬁ)ﬂ un%ts
e. 2257 square units b. (22Vx)7 units
¢. (11x)m units
8. If the radius of the circle is 27 units, what is the d. (%22136)7'5 umj[s
length of arc AE? e. (5 x)T units
a. 6T units
13. If the diameter of a circle is 8x + 6, what is the

b. 127 units
C. 277 units
d. 36T units
e. 547 units

area of the circle?

a. (4x + 3)m square units

b. (16x + 12)x square units

c. (16x* + 9)1 square units

d. (16x? + 24x + 9)T square units
e. (64x* + 96x + 36)T square units




14, If the diameter of a circle is doubled, the circum-
ference of the new circle is
a. one-fourth of the circumference of the
original circle.
b. one-half of the circumference of the
original circle.
¢. the same as the circumference of the
original circle.
d. two times the circumference of the
original circle.
e. four times the circumference of the
original circle.
15. The radius of Carly’s circle is 2x — 7, and the area
of her circle is (16x + 9)m. Which of the following
could be the value of x?
a. 3
b. 6
c. 9
d. 10
e. 13

16. If the area of a circle is (4x? + 20x + 25)7, what is

the diameter of the circle?
a. 2x+5

b. 4x+ 10

c. 2x+5)m

d. (4x+5)7

e. 2x*+10x+ 12.5

17. If the central angle of a sector is x° and the radius

of the circle is x units, then the area of the sector
is equal to

a. 3¢5 square units

b. xm square units

c. (x* —555)T square units
d. (%)Tt square units

X .
e. (3gp)T square units

CIRCLES

18. The measure of a central angle is 18°. If the
length of its intercepted arc is x7 units, what is
the circumference of the circle?

X .
a. 7T units
b. 13T units
X .
C. 7T units
d. 18xm square units

e. 20xT square units

19. If the measure of angle COB below is 3x, what is
the measure of arc CA?

c B

A

a. 3x

b. 6x

C. 6XTC

d. 12x

e. 180 —3x

20. If a circle has an area of 121t cm? and a diameter
AB, what is the length of arc AB?
a. V3ncm
b. 3t cm
c. 2V3ncm
d. 6m cm
e. 4V3m cm




21. The circumference of a circle is 16T cm. What
is the area of a sector whose central angle
measures 120°?

8 2
a. 37T cm

16
b. 3 cm?

32 2
c. 3Tcm

64
d,iyncnﬁ

256 2
€. 3 Tcm

Use the diagram below to answer questions 22—-23. The
diagram is not to scale.

A C

D B

22, If angles D and B both equal 70°, what is the
measure of arc AC?
a. 35°
b. 40°
c. 50°
d. 70°
e. 110°

CIRCLES

23. If OF = FB, angle D = angle B, the radius of the
circle is 6x and arc EF is 60°, what is the perime-
ter of triangle DOB?

a. 12x
b. 18x
c. 36x
d. 54x
e. cannot be determined

Use the diagram below to answer questions 24-25. The
diagram is not to scale.

A B

D C

24, If the length of BD in square ABCD is x ft., what
is the size of the shaded area?

a. (G ft?
b. () ft.2
c. X2 —pmft?
d. x> —mft?

T
e. x*— ft.?

25

If the area of the circle is 25 cm?, what is the
length of diagonal AD?

a. 5V2cm

b. 5V2n cm

c. 10V2cem

d. 10 cm

e. 10V2mcm




Use the diagram below to answer questions 26-27.
ABCD is a square. The diagram is not to scale.

\__/

D C

26. If the area of the circle is 8x2mt, what is the size of
the shaded area?
a. 16x2V2—4x’n
b. 32x% — 4x’w
c. 16x2V2 —4xn
d. 16x*V2 + 4x’1
e. 32x% + 4xm

27

If the area of the square is 144 square units, what
is the total area of the figure?

a. 144 — 721 square units

b. 144 — 36m square units

c. 144 — 187 square units

d. 144 + 18w square units

e. 144 + 367 square units

CIRCLES

Use the diagram below to answer questions 28—30. The
semicircles to the left and right of the center circle are
each exactly half the size of the center circle, and the
three figures are adjacent within rectangle ABCD. The
diagram is not to scale.

A B

D C

28. If the length of AB is x units, what is the area of

the center circle?

(x*m) .
6 square units

a.
x’T .
b.* 4n) square units

. X*T square units

a o

. 2x’T square units

e. 4x’T square units

29

If the area of one semicircle is 4.57 square units,
what is the area of the rectangle?

a. 72 square units

b. 108 square units

c. 144 square units

d. 162 square units

e. 324 square units

30

If the radius of the circle is 4 units, what is the

size of the shaded area?
a. 72— 167 square units
b. 128 — 321 square units
c. 128 — 247w square units
d. 128 — 167 square units
e. 1127 square units







CHAPTER

Coordinate
Geometry

he coordinate plane is the grid of boxes on which the x- and y-axes are placed and coordinate points
called ordered pairs can be plotted. The points and figures that can be plotted on the plane and the
operations that can be performed on them fall under the heading coordinate geometry.

A The graph is an example of the coordinate plane. The x-axis
and the y-axis meet at the origin, a point with the coordinates (0,0).
The origin is 0 units from the x-axis and 0 units from the y-axis.
B ~(-4.4) Look at the point labeled A, with the coordinates (2,3). The
A+-(2,3) x-coordinate is listed first in the coordinate pair. The x value of a
< I I I »  Ppointis the distance from the y-axis to that point. Point A is 2 units
DY (6~ from the y-axis, so its x value is 2. The y-coordinate is listed sec-
CLI3,5) ond in the coordinate pair. The y value of a point is the distance
from the x-axis to that point. Point A is 3 units from the x-axis, so
its y value is 3.
\




COORDINATE GEOMETRY

What are the coordinates of point B? Point B is —4 units from the y-axis and 4 units from the x-axis. The coor-
dinates of point B are (—4,4).

The coordinate plane is divided into 4 sections, or quadrants. The points in quadrant I, the top right cor-
ner of the plane, have positive values for both x and y. Point A is in quadrant I and its x and y values are both pos-
itive. The points in quadrant I, the top left corner of the plane, have negative values for x and positive values for
y. Point B is in quadrant IT and its x value is negative, while its y value is positive. The points in quadrant III, the
bottom left corner of the plane, have negative values for both x and y, and the points in quadrant IV, the bottom
right corner of the plane, have positive values for x and negative values for y.

> Slope

When two points on the coordinate plane are connected, a line is formed. The slope of a line is the difference
between the y values of two points divided by the difference between the x values of those two points. When the
equation of a line is written in the form y = mx + b, the value of m is the slope of the line.

If both the y value and the x value increase from one point to another, or, if both the y value and the x value
decrease from one point to another, the slope of the line is positive. If the y value increases and the x value decreases
from one point to another, or, if the y value decreases and the x value increases from one point to another, the slope
of the line is negative.

A horizontal line has a slope of 0. Lines such as y = 3, y = -2, or y = ¢, where c is any constant, are lines with
slopes of 0.

A vertical line has no slope. Lines such as x = 3, x = -2, or x = ¢ are lines with no slopes.

A

The slope of the line AB is equal to E;:S;; = % = 2. Thesslope

TCL1(-9,7) of line AB is 2. The slope of line EF is equal to (((_95 )_g)4) = % =-3.

C(2,9) E-(6,4) Line GH is a horizontal line; there is no change in the y values from

N~ |
T

\ point G to point H. This line has a slope of 0. Line CD is a vertical

< > line; there is no change in the x values from point C to point D. This
I \

I line has no slope.

Parallel lines have the same slope. Perpendicular lines have

slopes that are negative reciprocals of each other. Lines given by the

!
10T HI(3,-1 o)l equations y = 3x + 5 and y = 3x — 2 are parallel, while the line given
i i by the equation y = —%x + 1is perpendicular to those lines.




COORDINATE GEOMETRY

» Midpoint

The midpoint of a line segment is the coordinates of the point that falls exactly in the middle of the line segment.
If (a,¢) is one endpoint of a line segment and (b,d) is the other endpoint, the midpoint of the line segment is equal
t (%b,cz 4). In other words, the midpoint of a line segment is equal to the average of the x values of the end-

points and the average of the y values of the endpoints.

What is the midpoint of a line segment with endpoints at (1,5) and (-3,3)?
1+(-3) 543, -2 8

Using the midpoint formula, the midpoint of this line is equal to (—5—,—57) = (757) = (-1,4).

» Distance

To find the distance between two points, use the formula below. The variable x, represents the x-coordinate of
the first point, x, represents the x-coordinate of the second point, y, represents the y-coordinate of the first point,
and y, represents the y-coordinate of the second point:

D=V((x,~x)*+ (r,—y))?)
What is the distance between the points (-2,8) and (4,-2)?

Substitute these values into the formula:

D=V((4-(=2))*+((=2)-8)?
D=V((4+2)*+(-2-8)?)
D=V ((6)*+(-10)%)
D =V(36 + 100)

D=V136
D=2V34

» Practice

1. The endpoints of a line segment are (-3,6) and 2. The endpoints of a line segment are (5,-5) and
(7,4). What is the slope of this line? (=5,-5). What is the slope of this line?
a. -5 a. —10
b. - b. -5
[ % c. 0
d.5 d.5
e. 10 e. This line has no slope.




3. What is the slope of a line segment with end-
points at (—1,2) and (1,10)?
a. 4
b. —;
1
7
d. 4
e. This line has no slope.

Use the diagram below to answer questions 4-5.

A |
|
C

I

\/

4. What is the slope of line segment AB?
a. —3
b. -1
c. -2
d.-5
e. —-10

5. What is the slope of line segment CD?
a3
b. 1
c.3
d.5
e. 15

COORDINATE GEOMETRY

6. What is the midpoint of a line segment with end-
points at (0,-8) and (-8,0)?
a. (-8,-8)
b. (—4,-4)
c. (-1,-1)
d. (4,4)
e. (8,8)

7. What is the midpoint of a line segment with end-
points at (6,~4) and (15,8)?
a. (9,4)
b. (9,12)
c. (10.5,2)
d. (12,2)
e. (12,9)

8. The endpoints of a line segment are (0,—4) and
(0,4). What is the midpoint of this line?
a. (0,0)
b. (0,-2)
c. (0,2)
d. (—4,4)
e. This line has no midpoint.

Use the diagram below to answer questions 9-10.

A




9. What is the midpoint of line segment AB?
a. (1.5,-1)
b. (0,2)
c. (4,0)
d. (2,-1)
e. (4,-2)

10. What is the midpoint of line segment CD?
a. (1,0)
b. (1,-3)
c. (2,0)
d. (2,-1)
e. (4,6)

11. What is the distance from the point (-6,2) to the
point (2,17)?
a. 3V/41 units
b. V229 units
c. 17 units
d. V/365 units
e. 5V17 units

12. What is the distance from the point (0,—4) to the
point (4,4)?
a. 5V/2 units
b. 4 units
c. 4V/2 units
d. 4V/3 units
e. 4V/5 units

13. What is the distance from the point (3,8) to the
point (7,-6)?
a. 2V/5 units
b. 2V/47 units
c. 2V/51 units
d. 2V/53 units
e. 2\V/74 units

COORDINATE GEOMETRY

Use the diagram below to answer questions 14-15.

A

\/

14. What is the distance from the point A to point B?
a. 213 units
b. 10 units
c. 10V/2 units
d. 2V/58 units

e. 20 units

15. What is the distance from the point C to point D?
a. 8 units
b. 10 units
c. 2\V/37 units
d. 4V/13 units
e. 16\/3 units

16. What is the slope of the line given by the
equation 5y = —3x + 6?




17.

18.

19.

20.

21

Which of the following lines is parallel to the line
given by the equation y = —2x + 42
a.y=-2x—-4
b.y= —%x +4
c.y= —%x -4
d.y= %x +4
e.y=2x—-4
Which of the following lines is perpendicular to
the line given by the equation y = —%x + 82
a. y=—6x—138
b. y=-6x+38
1
C.y=—3x-28
d.y= %x -8
e. y=6x+38
Which of the following lines is parallel to the line

given by the equation 4y = 6x — 62

a.yZ—%x+6

b.y= —%x +6
2
c.y=3x+6
d.y= %x +3
e. y=2x-10
Which of the following lines is perpendicular to

the line given by the equation -2y = —8x + 10?

a. y=—4x-5
b.yZ—%x+5
C. yZix—S
d.yZéx+5
e.y=4x-5

. What is the distance from the point (—x,y) to the

point (x,—y)?

a. (x + y) units

b. V (x + y) units

c. (x* + %) units

d. V(5% + y?) units
e. 2V/(x* + y?) units

COORDINATE GEOMETRY

22,

23.

24,

25.

Two perpendicular lines intersect at the point
(1,5). If the slope of one line is 3, what is the
equation of the other line?
a.y=-3x+8
b.y= —%x +2
1,16
Cy=—3x+73
d.y= %x + 13—4

e. y=3x+2

What is the midpoint of a line with endpoints at
(2x+3,y—4) and (10x— 1,3y + 6)?

a. (x+1y+1)

b. (Gx+ 3557 —3)

c. (6x+ 1,2y + 1)

d. (8x—4,2y + 10)

e. (12x+2,4y+2)

Which of the following is the product of the
slopes of perpendicular lines?

a. -1

b. —

c. 0

d. s

el

Line A is perpendicular to line B. If the slope
of line A is multiplied by 4, what must the
slope of line B be multiplied by in order for
the lines to still be perpendicular?

a. 4
b. —

L
C- _16

d.
e. 4




Posttest

f you have completed all lessons in this book, then you are ready to take the posttest to measure your progress.

The posttest has 25 multiple-choice questions covering the topics you studied in this book, of which 15 are

the multiple-choice questions and 10 are the grid-ins. While the format of the posttest is similar to that of
the pretest, the questions are different.

Take as much time as you need to complete the posttest. When you are finished, check your answers with
the answer key at the end of the book. Once you know your score on the posttest, compare the results with the
pretest. If you scored better on the posttest than you did on the pretest, congratulations! You have profited from
your hard work. At this point, you should look at the questions you missed, if any. Do you know why you missed
the question, or do you need to go back to the lesson and review the concept?

If your score on the posttest doesn’t show much improvement, take a second look at the questions you missed.
Did you miss a question because of an error you made? If you can figure out why you missed the problem, then
you understand the concept and just need to concentrate more on accuracy when taking a test. If you missed a
question because you did not know how to work the problem, go back to the lessons and spend more time work-
ing that type of problem. You need a solid foundation in algebra and geometry if you plan to do well on the math
section of the SAT!
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L (Pdx-12) .
1. The expressmn%1
1
a. 5
b.x-2
1
C. —x
x+2
d -
x+6

g

€.

(=)}

xX—

In the diagram below, if the radius of the circle is
25 units, what is the length of arc AB?

A

107
. 507
. 2501

o ap oo

s equivalent to

POSTTEST

3. Which of the following statements is true of the

graph below?

b /\X

_1\‘2/3,:1 \,

a. The graphed equation is not a function.

b. There are at least eight different values for

which f(x) = 1.

c. There are no values greater than 4 in the

domain of the function.

d. The range of the function contains no values

between -2 and 1.

e. There are eight y-intercepts for the equation.

4. What is the midpoint of a line segment with end-
points at (—1,4) and (13,12)?

a. (5.5,4.5)
b. (6,8)
c. (7,4)
d. (7,8)
e. (12,16)




5. Given % = g, if x is doubled, then for the value of

a to remain the same,

a.

b.

the value of y must be halved and the value of
z must be halved.

either the value of y must be halved, or, the
value of z must be halved.

. the value of y must be doubled and the value

of z must be doubled.

. either the value of y must be doubled or the

value of z must be doubled.

. the value of y must be doubled and the value

of z must be halved.

6. Which of the following is equivalent to
ala2a’b b2

a. 1
b. ab
c. a’t?
a
¢ ()
e )

1. If a+%: a4_az,what are the values of a?
a.a=-1,a=10
b.a=1,a=-10
c.a=2,a=-5
da=-2,a=5
e.a=-5a=0

8. Which of the following points is in the solution
setof 4y + 6 > 3x + 15?

a.
b.
c.

d.

€.

(0,-4)
(3,4)
(4,3)
(4,6)
(5,6)

POSTTEST

9. If the circle inscribed in square ABCD has a
radius of r, what is the size of the shaded
area in terms of r?

A B

N
N

D C
a. r2—mr?
b. 2r—mr?
r_n?
CI 2_ 4
2
d. -7
e (r2—mr?)

4

10. Based on the diagram, if lines L and M are
parallel, which of the following equations
is NOT necessarily true?

b

L € aNe >
e
d f N

.atbtc=d+e+f
.atc=180—-e
.ate+c=180
btc=e+f
.a+b+c+d+e+f=360

o o0 o P




11.

12.

13.

14.

Which of the following lines is perpendicular to
the line 4y + 3x = 12?

1
a.y=3x+12

b.yZ—%x+3
3

C.y=4x-3

d.y=—§x+4

e.yz%x—él

A circle has a circumference equal to g. If the area
of the circle is tripled, what is the new area of the
circle in terms of g?
a. 3n g

£
b. 5m
2

3
i

2

& o
g

T

2

=

752

Compared to the graph of y = x?, the graph of
y=(x-2)*-2is

a. shifted 2 units right and 2 units down.

b. shifted 2 units left and 2 units down.

c. shifted 2 units right and 2 units up.

d. shifted 2 units left and 2 units up.

e. shifted 4 units left and 2 units down.

Aiden sketches a right triangle and labels it ABC.
Angle Bis 90° and the tangent of angle A is 1. If
the length of side AB is 10 units, what is the
length of side AC?

a. 5 units

b. 10 units

c. 10V2 units

d. 10V/3 units

e. 20 units

POSTTEST

15.

16.

17.

18.

19.

20.

21.

. . 1234 + 2156 = 322
What is the quotient of %?

a. 4x* + 7x

b. 4x* + 7x -1

c. 9x% + 18x

d.ox* +18x—1

e. 36x° + 62x° — 9x*

If the area of a sector of a circle is 8w and the
angle formed by the two radii of the sector is
equal to 80°, what is the length of the radius
of the circle?

Triangles ABC and DEF are similar. Each side of
ABC is three times the length of its corresponding
side of triangle DEF. If the area of triangle ABC is
72 square units, what is the area of triangle DEF in
square units?

3

3 2
If a? = 512, then what is a>

?

Bria and Lindsay play tennis on a rectangular
court with an area of 2,000 ft.2. If the length of
the court is 80 ft., what is the perimeter of the

court in feet?

Marie is filling a box with books. The box has

a length of 16 in., a width of 10 in., and a height
of 8 in. If every book has a width of 5in., a
length of 8 in., and a height of 1 in., how

many books can fit in the box?

X2+ 3x
?
8—-4 *

When x = —4, what is the value of




22. In the diagram below, line CD is a tangent
and line EO is a secant. If arc AB = 60° and the
radius of the circle is 7 units, what is the length
of secant EO?

POSTTEST

23. If 3a—9b =—-6 and 5a + 6b = -8, what is the
value of b?

24. Each term in the sequence below is twice the
previous term. What is the seventh term of
the sequence below?

6,12,24,48,...

25. Find the positive value of x that makes the
. (x% + 9x)
expression (254, _,7) undefined.




> Pretest

1. d. The expression is undefined when the denom-

2. c.

4.b.

inator of the expression is equal to 0. Factor
(6x> + 20x + 6) into (3x + 1)(2x + 6) and set
each factor equal to 0; 3x + 1 =0,3x=-1,x =
—532x+6=0,2x=—6,x=-3.

Each term in the sequence is five times the
term before it. The first term in the pattern is 4,
or 4 X 5% The second term in the pattern is 20,
or 4 X 51, Every term in the pattern is 4 times
a power of 5. The exponent of 5 is equal to one
less than the position of the term in the pat-
tern. Therefore, the exponent of 5 for the
eighth term is one less than 8: 4 X 57.

. The area of a circle is equal to 7tr?, where r is the

radius of the circle. Therefore, the radius of this
circle is equal to V64 = 8 ft. The circumference
of a circle is equal to 2mr; 27(8) = 16m ft.

The equation y = 2 is the equation of horizontal
line that crosses the y-axis at (0,2). Horizontal
lines have a slope of 0. This line is a function,
since it passes the vertical line test: When
graphed, a vertical line can be drawn through the
graph of y = 2 at any point and that vertical line

5. d.

7.b.

Answers

will cross the graphed line in only one place. The
domain of the function is infinite, but all x values
yield the same y value: 2. Therefore, the range of
y=21is2.

If the numerator of a fraction contains a term
with a negative exponent, move that term to
the denominator. In the same way, if the
denominator of a fraction contains a term
with a negative exponent, move that term to
the numerator Therefore, the given expression
is equal to (Zb)(Z ). The a and b terms cancel,

leaving (2)(2) =

. —4(x-1) =—4x+4and 2(x+ 1) =2x+ 2. Since

—4x + 4 < 2x + 2, subtract 2x from both sides of
the inequality and subtract 4 from both sides of
the inequality, leaving: —6x < —2. Divide both
sides by —6 and change the direction of the
inequality sign: x > 5

The area of a square is equal to the length of
one side squared. Therefore, the length of side
BC is equal to the square root of the area of
rectangle BCEF: V20 = 2V/5. The area of a
rectangle is equal to the product of its length




10. e.

11. b.

and width. The length of rectangle ABCD is
10 units and the width is 2V/5 units, since
rectangle ABCD shares side BC with square
BCEF. Therefore, the area of rectangle ABCD =
(10)(2\/5) =20V5 square units.

. The stack of compact discs, or a stack of circles,

forms a cylinder. The volume of a cylinder is
equal to 7wr*h, where r is the radius of the cylin-
der (or one of the circles that forms it) and A is
the height of the cylinder. The radius of a disc is
half its diameter: 172 = 6 cm. Since each disc has
a height of 2 mm, the height of the cylinder is
(10)(2) = 20 mm. Convert this measure to cen-
timeters, since the radius of the disc is given in
centimeters. % =2 cm. The volume of the

cylinder = t(6)(2) = 721 cm?®.

. A parallelogram is a quadrilateral with two pairs

of parallel sides. All rectangles, rhombuses, and
squares are parallelograms. A rectangle is a par-
allelogram with four right angles. All rectangles
are parallelograms, but not all parallelograms
are rectangles. A rhombus is a parallelogram
with four equal sides. All rhombuses are paral-
lelograms, but not all rhombuses are rectangles
and not all parallelograms are rhombuses. A
square is a parallelogram with four right angles
and four equal sides. All squares are rectangles,
rhombuses, and parallelograms, but not all rec-
tangles are squares, not all rhombuses are
squares, and not all parallelograms are squares.
Factor the expression 3x? — 3x — 18; 3x? is equal
to 3x multiplied by x. Find two numbers that
multiply to —18 and whose difference is —3 after
one of them is multiplied by 3; 3x? — 3x— 18 fac-
tors into (3x+ 6)(x—3). Set each factor equal to
0 and solve for x; 3x + 6 = 0, 3x = -6, x = —2;
x—3=0,x=3.

Since ABCD is a parallelogram, lines AB and CD
are parallel to each other and lines ACand BD are
parallel to each other. Opposite angles in a par-
allelogram are equal; therefore, the angle labeled
16x and angle CAB are equal. Since angle CAB

ANSWERS

12. a.

13. d.

14. d.

15. e.

and the angle labeled 9x + 5 are supplementary,
the angle labeled 16x and the angle labeled 9x +
5 are supplementary: 9x + 5 + 16x = 180, 25x =
175, x = 7. Therefore, the measure of the angle
labeled 9x + 51is 9(7) + 5 = 63 + 5 = 68°. Since
that angle and angle ABD are alternating angles,
their measures are equal. The measure of angle
ABD is also 68°.

The ratio of a side of DE to a side of ABis 4 to
10, or 14—0, which equals % The area of each tri-
angle is equal to %(base) (height). Since the base
and the height of triangle DEF are % the base and
height of triangle ABC, the area of triangle DEF
will be (%)(%) = % the area of triangle ABC.

To find the turning point of a parabola, find the
value that makes the x term of the equation
equal to 0. Then, use that value of x to find the
value of y. Three of the given equations have x
values that have positive numbers added to
them before squaring. For each of these (choices
a, ¢, and d), the value of x must be negative in
order for that term of the equation to be equal
to 0. For example, x must equal —1 for the x
term in choices a and c to equal 0. Therefore, the
turning points of these parabolas will be in
either the second or third quadrants of the coor-
dinate plane. The equations in choices a and ¢
contain negative constants. These equations will
have their turning points below the x-axis, in the
third quadrant. Only choiced, y =—(x+2)?+ 1,
will have a turning point with a negative x value
and a positive y value, placing the turning point
in the second quadrant of the coordinate plane.
Rewrite the equation in terms of b. Multiply
both sides of the equation by 4, then add 4 to

both sides of the equation: a = 7h4_ 4, 4q =
7b— 4, 4a + 4 = 7b. Finally, divide both sides by
7. b — 4_“ﬂ

yU=""7"

The area of a triangle is equal to half the product
of its base and height. Each triangle has a base of
4 units. If a line is drawn from one vertex of the
triangle to its opposite base, that line would be




16.

17.

18.

19.

20.

perpendicular to that base and bisect it, splitting

the equilateral triangle into two congruent, 30-60-
90 right triangles. The length of the shorter base
is half the length of the hypotenuse: %(4) =2.The
length of the longer base is /3 times that: 2\/3.
Since the longer base of the right triangle is the

height of the equilateral triangle, the area of the
equilateral triangle is %(4)(2\/5) = 4\/3. Since
the area of one equilateral triangle is 4\/5, the

area of all six, and the area of the hexagon, is

(4V/3)(6) = 24V/3.

64

20

1,800

42

50

A cube has 6 identical faces. If the total sur-
face area of a cube is 96 square centime-
ters, then the area of one face of the cube
is % = 16 cm?. Each face of a cube is a
square. Since the area of a square is equal
to the length of one side of the square mul-
tiplied by itself, the length of one edge of
the cube is equal to V16 = 4 cm. The vol-
ume of a cube is equal to e’, where e is the
length of one edge of the cube. Therefore,
the volume of the cube is 4> = 64 cm®.

To find the distance between two points,
square the difference between the x values
and square the difference between the y
values. Then, add the two differences and
take the square root: (5 — (-=7))? =
122 = 144 and (12 — (—4))? = 162 = 256;
144 + 256 = 400, V400 = 20.

The sum of the interior angles of a polygon
is equal to (180)(s—2), where s is the num-
ber of sides of the polygon. Since Steve’s
polygon has 12 sides, the sum of the interior
angles is equal to (180)(12—-2) = (180)(10)
=1,800.

Substitute 36 for b: %36%. The
sum of 36 and 13 is 49, and the 36 in
the denominator cancels with the 36
in front of V36, leaving (\/E)(\/%) =
(7)(6) =42.

Angles DCA and ACB form a line; there-
fore, the measures of these angles add to

ANSWERS

21.

22,

23.

24,

25,

0.25

38

25

32

180° 180 — DCA = ACB, 180 — 115 = 65°.
Since sides AC and AB are congruent,
triangle ABC is isosceles. The angles oppo-
site the congruent sides are congruent.
Therefore, angle ABC is also 65°. Since
there are 180° in a triangle, the measure of
angle A = 180 — 65 — 65 = 50°.

Solve the given equation for w. Subtract 3
from both sides of the equation and then
multiply both sides by %; ZTW +3=7, ZTW =
4, w = 6. Substitute 6 for w in the second
expression; % = %(6) = %. Alternatively,
notice that %W = 4. The reciprocal of %W, %,
will be equal to the reciprocal of the value
of %W Since ZTW =4, % is equal to %.

Cross multiply and solve for x: (2x + 8)(6)
= (5)(5x — 6), 12x + 48 = 25x — 30, 78 =
13x,x=6.

Since sides OC and OB of triangle OBC are
congruent, the angles opposite these sides,
angles OBC and OCB, are congruent.
Therefore, angle OCB is also 71°. Since
there are 180° in a triangle, angle COB
is equal to 180 — (71 + 71) = 180 — 142 =
38°. Angles COB and AOD are vertical
angles; therefore, angle AOD is also 38°.
Angle AOD is a central angle of the circle
(its vertex is at the center of the circle).
The measure of the intercepted arc of a
central angle is equal to the measure of
the central angle. Since angle AOD is 38°,
arc AD = 38°.

Substitute —2 for a. ((£(=2)2) + (+5(~2)))2
= (5 + -3 2 = (G- 30) 2 = () 2 =
(3H2=52=25.

The base opposite the 30° angle of a
30-60-90 right triangle is the shortest side
of the triangle. The longer base is V3
times the length of the shorter base, and
the hypotenuse is twice the length of the

shorter base. In triangle ABC, BC is the




longer base, since it is opposite the 60°

angle. Since BC is 16\V/3, AB is equal to

—li/\g_ =16, and the hypotenuse of the tri-

angle, AC, is equal to (16)(2) =

» Chapter 1

1.d.

3.d.

4. b.

Subtract the like terms by subtracting the coef-
ficients of the terms: 9a — 5a = 44. 4a and 124?
are not like terms, so they cannot be combined
any further; 9a + 124 — 5a = 124° + 4a.

. Multiply the coefficients of the terms in the

numerator, and add the exponents of the bases:
(3a)(4a) = 1242. Do the same with the terms in
the denominator: [6(6a%)] = 36a%. Finally, divide
the numerator by the denominator. Divide the

coefficients of the terms and subtract the expo-
(1260 _ 1
(36a2) =3
The terms 5a and 7b have unlike bases; they

nents of the bases:

cannot be combined any further. Add the terms
in the denominator; b + 2b = 3b. Divide the b
term in the numerator by the 3b in the denom-
(5a i 7h)( ) _ 5a+7b

Multiply 2x? and 4y? by mulnplymg the coeffi-
cients of the terms: (2x?)(4y%) = 8 x*)%. 8x%y? and
6x%y* have like bases, so they can be added. Add
the coefficients: 8x%y? + 6x%y> = 14x%y>.

inator; 35 3,, =3

. Substitute 3 for each instance of x in the

expression: 2(3)>-5(3) +3=2(9) - 15+ 3 =

18-15+3=6.

. Substitute —2 for each instance of a in the

. 7(-2) -14 14
expression: =Ga-np=-—2-—7

((z2)*+(-2))

. Substitute —2 for each instance of x in the

_r

()’2+}’)
sty =

expression: (9;7))2) + (_z(y_ ) =

. Substitute 6 for each instance of a in the expres-

4(6)((6) +1)  24(6+71)

s 4(6+r)_24+4r
sion: =, =" ¢,

r - r

. The
expression cannot be simplified any further.

. Substitute 3 for each instance of a in the expres-

sion: (4(3))(36*+ (3)) - > =(4)(9)(3V> +3) —
b =36(3b% + 3) — b3 = 108b® + 108 — b3 =
10763 + 108.

ANSWERS

10. a.

11.c.

12. c.

13. c.

14. a.

15. d.

16. e.

17. d.

18. b.

19. a.

20. b.

Substitute 1 for each instance of ¢ and substi-

tute 4 for each instance of d in the expression:
(H@)*_ 4 _ 16

MH+@~=5 5"
Substitute 2 for each instance of x and substitute

3 for each instance of y in the expression:

6(2)* | 42 _ ()4 , 8 _ _24 8 12 8 20
262 T33) = (2)(9)+ = t9=9t9=7.
Substitute 1 for each instance of a and substitute

—1 for each instance of b in the expression:
(D + 5+ (12— (=12 =-1+ (1) +1-1
=-2.

Isolate g on one side of the equation Multiply
both sides of the equation by 3 ( )( 2g) = (9% -
15) 2, ¢=6h—10.

Isolate a on one side of the equation. Subtract
20b from both sides of the equation and divide
by7:7a+20b=28—-b,7a=28-21b,a=4-3b.
Isolate y on one side of the equation. Multiply
the (% + 1) term by 4. Then, multiply both sides
of the equation by y to make it easier to work
with; 4(5 + 12) =10,% +4 =10, 4x + 4y = 10y,
4x =6y, y = 3X.

Isolate g on one side of the equation; fg+ 2f— g=
2-(ft+e,fg+2f-g=2-f-gfg=2-3f¢g=
2-3f

Isélate b on one side of the equation; a(3a) —
b(4 + a) = —(a* + ab), 3a* — 4b — ab = —a? — ab,
402 —4b =0, 40> = 4b, b = a>.

[solate ¢ on one side of the equation; 4¢* — 1=
16h* - 1,4¢* = 16h%, ¢* = 4h?, g = 2h.

Isolate x on one side of the equation; 8x? — 4y?
+x2=0,9x2 -4y = 0,9x> = 492, x2:§y x=3y.
Isolate y on one side of the equation; —xyzL =5y,
10725)/, 10x =592 2x =%,y = V2x.

» Chapter 2

1.e

2. c.

To solve the equation, add 12 to both sides of
theequation:a—12=12,a-12+12=12+12,
a=24.

To solve the inequality, divide both sides of the
inequality by 6: 6p > 10, —663 > %,p >2




8. d.

. To solve the equation, subtract 10 from both

sides of the equation: x + 10 =5,x+ 10— 10 =
5-10,x=-5.

. To solve the equation, multiply both sides of

the equation by 8: % =38, (8)% = (8)(8), k= 64.

. To solve the inequality, divide both sides of the

inequality by —3: -3n < 12, —_373;1 > % Remember,

when multiplying or dividing both sides of an
inequality by a negative number, you must
reverse the inequality symbol; n > —4.

. To solve the equation, subtract 5 from both sides

of the equation, then divide by 9: 9a + 5 = -22,
9a+5-5=-22-5,9a=-27,a=-3.

. First, multiply (x + 2) by 4: 4(x + 2) = 4x + 8.

Then, subtract 3x from both sides of the
inequality and subtract 8 from both sides of
the inequality:

3x-6<4x+38

3x-6-3x<4x+8-3x

—-6<x+8

-6-8<x+8-8

x=-14
First, combine like terms on each side of the
equation; 6x—4x = 2x and 4 — 9 = —-5. Now, sub-
tract 2x from both sides of the equation and
add 5 to both sides of the equation:

2x+9=6x-5
2x=2x+9=06x—-2x-5
9=4x-5
9+5=4x-5+5
14 = 4x
Finally, divide both sides of the equation
g _4x 147
by4: T ="7,x=7 =7

. First, multiply (x + 3) by -8 and multiply (—2x

+10) by 2: =8(x + 3) = —8x — 24, 2(~2x + 10)
= —4x + 20. Then, add 8x to both sides of the
inequality and subtract 20 from both sides of
the inequality:

—8x—24<—-4x+ 20

—8x—24 +8x<—-4x+ 20+ 8x

—24<4x+20

—24-20<4x+20-20

—44 < 4x

ANSWERS
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16. e.

17.b.

18. a.

19. d.

Finally, divide both sides of the inequality by 4:
44 _ 4x
- <5Hx=2-1L

- 2
First, reduce the fraction % by dividing the

. 3¢
numerator and denominator by 3¢; ((66)) =3.Now,

subtract 9 from both sides of the equation and
then multiply both sides of the equation by 2:

S+9=15

5+9-9=15-9

5=6

2)3) = (6)(2)

c=12
Cross multiply and solve for w: (w)(18) =
(=6)(w+8),18w=—6w—48,24w=—-48, w=-2.
Cross multiply and solve for x: (10x)(3) =
(7)(5x — 10), 30x = 35x — 70, =5x = —70, x = 14.
Cross multiply and solve for a: (4a + 4)(4) =
(7)(=2 + 3a), 16a + 16 = —14 + 21a, 16a + 30 =
2la,5a=30,a=6.
Cross multiply and solve for y: (6)(-2y — 3) =
(10)(—y — 1), ~12y — 18 =—10y — 10,2y — 18 =
-10,-2y =8,y =—4.

. 5 .
First, reduce —g& by canceling g from the numer-
. 5 5
ator and denominator: f = 7. Now, cross

multiply and solve for g: (5)(g—1) = (1)(g+7),
5¢-5=g+7,4¢-5=7,4¢=12,¢g=3.

Add x to both sides of the equation and subtract
6 from both sides of the equation; %x +6=
—x-3, %x =-9. Multiply both sides of the equa-
tion by % to isolate x: (%)(%x) =-9( %), x = —6.
Since x = -6, 2x =-2(-6) = 12.

First, cross multiply: (2)(3x — 8) = 9x + 5,
6x — 16 = 9x + 5. Subtract 6x from both sides
of the equation and subtract 5 from both sides
of the equation, 6x — 16 = 9x + 5, 3x = -21.
Divide by 3 to solve for x: 3% = %, x =-7.Since
x=-7,x+7=-7+7=0.

Subtract %x and % from both sides of the equa-
tion: 9x + % = %x +9, 1—39x = %. Multiply both
sides of the equation by %z (%) (%x) = (179)(%),
x=1.Since x = 1,%x Z%(l) = %

Although you could solve the first equation for
x and substitute that value into the given
expression, look at the relationship between the
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equation and the expression; 4x + 2 is exactly
half of 8x + 4. Therefore, the value of 4x + 2 will
be half the value of 8x + 4; 174 =7;4x+2=7.
Although you could solve the first equation for
c and substitute that value into the given expres-
sion, look at the relationship between the equa-
tion and the expression. 33¢— 21 is exactly three
times 11c¢ — 7. Therefore, the value of 33¢ — 21
will be three times the value of 11c¢—7; 3(8) = 24;
33c—21=24.

A fraction is undefined when its denominator
is equal to 0. Set x — 8 equal to 0 and solve for
x; x — 8 = 0, x = 8. The fraction is undefined
when x = 8.

A fraction is undefined when its denominator
is equal to 0. Set 6d equal to 0 and solve for d;
6d = 0, d = 0. The fraction is undefined when
d=0.

A fraction is undefined when its denominator is
equal to 0. Set 6a + 18 — 4a equal to 0 and solve
fora;6a+18—-4a=0,2a+18=0,2a=-18,a
=-9. The fraction is undefined when a = -9.

A fraction is undefined when its denominator is
equal to 0. Set 8 — 8y + 4 equal to 0 and solve for
1,88y +4=0,-8y+12=0,-8y=-12,y=>.
The fraction is undefined when y = %

A fraction is undefined when its denominator is
equal to 0. Set each term of the denominator
equal to 0 and solve for x; 2x(x—5) = 0; 2x = 0,
x=0and x—5=0,x=5. The fraction is unde-
fined when x =0 or 5.

Create an equation that describes the situation.
If x represents the number, then 3 times the
number is 3x. Five less than that is 3x — 5. Set
that expression equal to 10, and solve for x:
3x-5=10,3x=15,x=5.

Create an equation that describes the situation.
If x represents the number, then one-fourth the
number is %x. Three more than that is %x + 3.
Three less than the number is x — 3. Set these
expressions equal to each other, and solve for x:
Tx+3=x-3,3=2x-3,6="x,x=8.

ANSWERS
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30. c.

Create an equation that describes the situation.
If x represents the first integer, x + 1 represents
the second integer, and x + 2 represents the third
integer. The sum of the integersisx +x+ 1 +x
+ 2 =3x + 3. Set this expression equal to the sum
of the integers, 63, and solve for x: 3x + 3 = 63,
3x = 60, x = 20. Since x is the first integer, 21 is
the second integer, and 22 is the third (and
largest) integer.

Create an equation that describes the situation.
If x represents the first odd whole number,
x + 2 represents the second, x + 4 represents the
third, and x + 6 represents the fourth. The sum of
the numbersisx + x +2 +x+ 4+ x+ 6=
4x+ 12. Set this expression equal to the sum of the
numbers, 48, and solve for x: 4x + 12 = 48,
4x = 36, x = 9. Since x is the first number, it is
the smallest of the four consecutive, odd whole
numbers.

Create an equation that describes the situation.
If x represents the first even integer, x + 2
represents the second integer and x + 4 repre-
sents the third. The sum of the integers is
X+ x+ 24+ x+4=3x+ 6. Set this expression
equal to the sum of the integers, —18, and solve
for x: 3x + 6 = -18, 3x = —24, x = 8. Since x is
the first number, it is the smallest of the three
consecutive, even integers.

» Chapter 3

1.c

2. d.

To find the product of two binomials, multiply
the first term of each binomial, the outside
terms, the inside terms, and the last terms. Then,
add the products; (x —3)(x + 7) = x* + 7x - 3x
—21 =x*+ 4x-21.

To find the product of two binomials, multiply the
first term of each binomial, the outside terms,
the inside terms, and the last terms. Then, add
the products; (x—6)(x—6) = x> — 6x—6x+ 36 =
x?—12x+ 36.




5. b.

6. b.

7. d.

. To find the product of two binomials, multiply the

first term of each binomial, the outside terms,
the inside terms, and the last terms. Then, add
the products; (x—1)(x+ 1) =x*+x-x-1=
x2—1.

. (x+¢)?=(x+ c)(x + ¢). To find the product of

two binomials, multiply the first term of each
binomial, the outside terms, the inside terms,
and the last terms. Then, add the products;
(x+o)x+o)=x*+cx+cex+cE=x*+2cx+ A
To find the product of two binomials, multiply
the first term of each binomial, the outside
terms, the inside terms, and the last terms. Then,
add the products; (2x + 6)(3x - 9) = 6x> — 18x
+ 18x — 54 = 6x> — 54.

To find the factors of a quadratic, begin by find-
ing two numbers whose product is equal to the
constant of the quadratic. Of those numbers,
find the pair that adds to the coefficient of the x
term of the quadratic; —3 and 2 multiply to —6
and add to —1. Therefore, the factors of x* — x —
6 are (x—3) and (x + 2).

To find the factors of a quadratic, begin by find-
ing two numbers whose product is equal to the
constant of the quadratic. Of those numbers,
find the pair that adds to the coefficient of the x
term of the quadratic. This quadratic has no x
term—the sum of the products of the outside
and inside terms of the factors is 0; =2 and 2
multiply to —4 and add to 0. Therefore, the fac-
tors of x2 —4 are (x—2) and (x + 2).

. To find the factors of a quadratic, begin by find-

ing two numbers whose product is equal to the
constant of the quadratic. Of those numbers,
find the pair that adds to the coefficient of the x
term of the quadratic; —4 and —7 multiply to 28
and add to —11. Therefore, the factors of x2— 11x
+ 28 are (x—4) and (x-7).

. The roots of a quadratic are the solutions of the

quadratic. Factor the quadratic and set each
factor equal to 0 to find the roots. To find the
factors of a quadratic, begin by finding two
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numbers whose product is equal to the constant
of the quadratic. Of those numbers, find the
pair that adds to the coefficient of the x term of
the quadratic; -2 and —16 multiply to 32 and
add to —18. Therefore, the factors of x* — 18x +
32 are (x—2) and (x— 16). Set each factor equal
to0andsolve forx:x—2=0,x=2,andx— 16 =
0,x=16.The roots of x> — 18x + 32 are 2 and 16.
The roots of a quadratic are the solutions of the
quadratic. Factor the quadratic and set each fac-
tor equal to 0 to find the roots. To find the factors
of a quadratic, begin by finding two numbers
whose product is equal to the constant of the
quadratic. Of those numbers, find the pair that
adds to the coefficient of the x term of the quad-
ratic; —4 and 12 multiply to —48 and add to 8.
Therefore, the factors of x2 + 8x — 48 are (x —4)
and (x + 12). Set each factor equal to 0 and solve
forx:x—4=0,x=4,andx+12=0,x=-12.The
roots of x> + 8x— 48 are 4 and —12.

Factor the denominator. To find the factors of a
quadratic, begin by finding two numbers whose
product is equal to the constant of the quadratic.
Of those numbers, find the pair that adds to the
coefficient of the x term of the quadratic. This
quadratic has no x term—the sum of the prod-
ucts of the outside and inside terms of the fac-
tors is 0; —9 and 9 multiply to —81 and add to 0.
Therefore, the factors of x> — 81 are (x—9) and
(x + 9). Cancel the (x + 9) terms from the
numerator and denominator, leaving 1 in the
numerator and (x — 9) in the denominator.
Factor the numerator and denominator. The
numerator factors into (x — 8)(x + 2) and the
denominator factors into (x—8)(x + 7). Cancel
the (x — 8) terms from the numerator and
denominator, leaving (x + 2) in the numerator
and (x + 7) in the denominator.

Factor the numerator and denominator. The
numerator factors into (x + 5)(x — 9) and the
denominator factors into (x + 5)(x + 6). Cancel
the (x + 5) terms from the numerator and




14. b.

15. e.

16. d.

17. e.

denominator, leaving (x — 9) in the numerator
and (x + 6) in the denominator.

Factor the numerator and denominator. The
numerator factors into (x + 11)(x + 3) and the
denominator factors into (x + 11)(x — 3). Can-
cel the (x + 11) terms from the numerator and
denominator, leaving (x + 3) in the numerator
and (x — 3) in the denominator.

Combine like terms on one side of the equation
and set the expression equal to 0; x* — x = 12, x
— x— 12 = 0. Factor the quadratic and set each
factor equal to 0 to find the solutions for x. To
find the factors of a quadratic, begin by finding
two numbers whose product is equal to the con-
stant of the quadratic. Of those numbers, find
the pair that adds to the coefficient of the x term
of the quadratic; —4 and 3 multiply to —12 and
add to —1. Therefore, the factors of x2—x — 12 are
(x—4) and (x + 3). Set each factor equal to 0 and
solveforx:x—4=0,x=4,andx+3=0,x=-3;

2

x* — x = 12 when x equals 4 or -3. Trial and

error (plugging each answer choice into the

2 — x=12) could be used, but only on

equation x
a multiple-choice SAT question. It is important
to be able to solve questions like this that could
occur in the grid-in section of the SAT.
Combine like terms on one side of the equation
and set the expression equal to 0; x> — 3x— 30 =
10, x* — 3x — 40 = 0. Factor the quadratic and set
each factor equal to 0 to find the solutions for x.
To find the factors of a quadratic, begin by find-
ing two numbers whose product is equal to the
constant of the quadratic. Of those numbers,
find the pair that adds to the coefficient of the
x term of the quadratic; —8 and 5 multiply to
—40 and add to —3. Therefore, the factors of
x*—3x—40are (x—8) and (x + 5). Set each fac-
tor equal to 0 and solve for x: x — 8 =0, x = 8§,
and x+5=0,x=-5;x%—3x—30 = 10 when x
equals 8 or —5.

Cross multiply: (x + 5)(x + 4) = (4)(6x - 6), x*
+ 9x + 20 = 24x— 24. Combine like terms on one
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side of the equation and set the expression equal
to 0; x% + 9x + 20 = 24x— 24, x> — 15x + 44 = 0.
Factor the quadratic and set each factor equal to
0 to find the solutions for x. To find the factors
of a quadratic, begin by finding two numbers
whose product is equal to the constant of the
quadratic. Of those numbers, find the pair that
adds to the coefficient of the x term of the quad-
ratic; —4 and —11 multiply to 44 and add to —15.
Therefore, the factors of x> — 15x + 44 are (x—4)
and (x— 11). Set each factor equal to 0 and solve
forxix—4=0,x=4,andx—-11=0,x=11.
Use FOIL to multiply the binomials: (x — 2)(x
+6)=x*+6x—-2x—12=x*+ 4x—12. Com-
bine like terms on one side of the equation and
set the expression equal to 0; x* + 4x — 12 =
—16, x* + 4x + 4 = 0. Factor the quadratic and
set each factor equal to 0 to find the solutions
for x. To find the factors of a quadratic, begin
by finding two numbers whose product is
equal to the constant of the quadratic. Of those
numbers, find the pair that adds to the coeffi-
cient of the x term of the quadratic; 2 and 2
multiply to 4 and add to 4. Therefore, the fac-
tors of x? + 4x + 4 are (x + 2) and (x + 2). Since
both factors are the same, set either factor
equal to 0 and solve for x: x + 2 = 0, x = 2.
Use FOIL to multiply the binomials: (x—7)(x—5)
=x?—5x—7x + 35 = x*— 12x + 35. Combine like
terms on one side of the equation and set the
expression equal to 0; x* — 12x + 35 =—1,x* — 12x
+ 36 = 0. Factor the quadratic and set each factor
equal to 0 to find the solutions for x. To find the fac-
tors of a quadratic, begin by finding two numbers
whose product is equal to the constant of the
quadratic. Of those numbers, find the pair that
adds to the coefficient of the x term of the quad-
ratic; —6 and —6 multiply to 36 and add to —12.
Therefore, the factors of x> — 12x + 36 are (x — 6)
and (x — 6). Since both factors are the same,
set either factor equal to 0 and solve for x: x— 6 =
0,x=6.
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Write an algebraic equation that describes the
situation. If x is the number, then x? is the square
of the number. Two less than three times
the number is 3x — 2. Since the square of the
number is equal to two less than three times the
number, x? = 3x — 2. Combine like terms on
one side of the equation and set the expression
equal to 0; x> = 3x— 2, x> — 3x + 2 = 0. Factor the
quadratic and set each factor equal to 0 to find
the solutions for x. To find the factors of a
quadratic, begin by finding two numbers whose
product is equal to the constant of the quad-
ratic. Of those numbers, find the pair that adds
to the coefficient of the x term of the quadratic;
—1 and -2 multiply to 2 and add to —3. Therefore,
the factors of x> —3x + 2 are (x— 1) and (x—2).
Set each factor equal to 0 and solve forx: x— 1 =
0,x=1,andx—-2=0,x=2.

A fraction is undefined when its denominator
is equal to 0. Factor the quadratic in the
denominator and set each factor equal to 0 to
find the values that make the fraction unde-
fined. To find the factors of a quadratic, begin
by finding two numbers whose product is
equal to the constant of the quadratic. Of those
numbers, find the pair that adds to the coeffi-
cient of the x term of the quadratic; —6 and 7
multiply to —42 and add to 1. Therefore, the
factors of x* + x — 42 are (x—6) and (x + 7). Set
each factor equal to 0 and solve for x: x— 6 = 0,
x=6,and x + 7 =0, x =—7. When x equals 6 or
—7, the fraction is undefined.

A fraction is undefined when its denominator is
equal to 0. Factor the quadratic in the denomi-
nator and set each factor equal to 0 to find the
values that make the fraction undefined. To find
the factors of a quadratic, begin by finding two
numbers whose product is equal to the constant
of the quadratic. Of those numbers, find the pair
that adds to the coefficient of the x term of the
quadratic; —1 and —7 multiply to 7 and add to -8.
Therefore, the factors of x> — 8x + 7 are (x — 1)
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and (x—7). Set each factor equal to 0 and solve for
xxx—1=0,x=1,andx—7=0,x=7.When x
equals 1 or 7, the fraction is undefined.

A fraction is undefined when its denominator is
equal to 0. Set the denominator equal to 0 and
solve for x; x2 — 16 =0, x> = 16, x = —4 or 4.

A fraction is undefined when its denominator
is equal to 0. Set the denominator equal to 0
and solve for x; 9x2 — 1 =0,9x* = 1, x2 = %,
x= —% or %

A fraction is undefined when its denominator is
equal to 0. Factor the quadratic in the denomi-
nator and set each factor equal to 0 to find the
values that make the fraction undefined. To find
the factors of a quadratic, begin by finding two
numbers whose product is equal to the con-
stant of the quadratic. Since the first term of
the quadratic is 2x?, the factors of the quadratic
will be (2x + ¢)(x + d), where ¢ and d are con-
stants that multiply to 72 and add to —25 after
either ¢ or d is multiplied by 2. -8 and -9 mul-
tiply to 72, and 2(8) + 9 = 25. Therefore, the fac-
tors of 2x? —25x + 72 are (2x—9) and (x— 8). Set
each factor equal to 0 and solve for x: 2x—9 =0,
2x = 9,x:%, and x—8 =0, x = 8. When x equals
% or 8, the fraction is undefined.

A parabola of the form y = x> + ¢ has its vertex
at (0,c). Therefore, the vertex of this parabola is
at (0,4). This parabola is similar to the parabola
y = x?, but shifted up 4 units.

A parabola of the form y = (x + ¢)? + d has its
vertex at (—c,d). Therefore, the equation of a
parabola whose vertex is (=3,~4) is y = (x + 3)?
—4. This parabola is similar to the parabola y =
x2, but shifted left 3 units and down 4 units.

A parabola of the form y = (x + ¢)? + d has its
vertex at (—c,d). Therefore, the vertex of the
parabola whose equation is y = (x + 2)? + 2 is
(=2,2). This parabola is similar to the parabola
y = x%, but shifted left 2 units and up 2 units.

A parabola of the form y = (x + ¢)? + d has its ver-
tex at (—c,d). Therefore, the equation of a
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parabola whose vertex is (5,0) is y = (x—5)2 + 0,
or y = (x — 5)2 This parabola is similar to the
parabola y = x2, but shifted right 5 units.

The vertex of this parabola is at (1,-2). A
parabola of the form y = (x + ¢)? + d has its
vertex at (—¢,d). Therefore, the equation of a
parabola whose vertexis (1,-2) isy = (x—1)?-2.
This parabola is similar to the parabola y = x?,
but shifted right 1 unit and down 2 units.

» Chapter 4

1.e

2. d.

5. b.

Begin by multiplying the first two terms:
—3x(x + 6) = —3x? — 18x. Multiply (-3x? - 18x)
by (x—9): (-3x? - 18x)(x - 9) = —-3x> + 27x* -
18x% + 162x = —-3x> + 9x% + 162x.

Multiply each term of the trinomial by each
term of the binomial: (x2)(x) = 3, (5x)(x) =
5x%, (=7)(x) = -7x, (x*)(2) = 2x2, (5x)(2) = 10x,
(=7)(2) = —14. Add the products and combine
like terms: x* + 5x% + —7x + 2x*> + 10x + —14 =
X+ 7x* 4+ 3x - 14.

. Begin by multiplying the first two terms: (x — 6)

(x—3) =x?—3x—6x+ 18 =x>—9x + 18. Multiply
(x*-9x+18) by (x—1): (x* - 9x+ 18)(x— 1) =
—-9x%+18x—x*+9x— 18 =x>—10x> + 27x—18.

. 16 is the largest constant common to 64x> and

16x, and x is the largest common variable.

64x°
Factor out 16x from both terms: 7~ = 4x> and

—16x

e = —1. 64x% — 16x = 16x(4x? — 1). Next,
factor 4x* — 1; (2x)(2x) = 4x%,and (1)(-1) = 1.
4x2 — 1 = (2x — 1)(2x + 1), so the factors of
64x3 — 16x are 16x(2x — 1)(2x + 1).

The largest constant common to each term is 2,
and x is the largest common variable. Factor
out 2x from every term: 2x°> + 8x* — 192x:
2x(x*> + 4x — 96). Factor x> + 4x — 96 into

(x—8)(x + 12). The factors of 2x> + 8x% — 192x

are 2x(x—8)(x + 12).
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First, multiply the terms on the left side of the
equation. x(x — 1) = x> —x, (x** = x)(x + 1) =
X3+ 52— x2—x=x>—x. Therefore, x> — x =27 — x.
Add x to both sides of the equation; x> —x + x =
27 — x + x, x> = 27. The cube root of 27 is 3, so
the root, or solution, of x(x—1)(x+ 1) =27 —xis
x=3.

. Factor the numerator and denominator; x% + 8x

=x(x+8);x3—64x=x(x*—64) =x(x—8)(x+ 8).
Cancel the x terms and the (x + 8) terms in the
numerator and denominator, leaving 1 in the
numerator and (x— 8) in the denominator.

. Factor the numerator and denominator; x? +

6x+5=(x+1)(x+5).x>—25x=x(x*>—25) =
x(x—5)(x + 5). Cancel the (x + 5) terms in the
numerator and denominator, leaving (x + 1)
in the numerator and x(x — 5) = (x? — 5x) in
the denominator.

. Factor the numerator and denominator; 2x% + 4x

=2x(x +2); 4x3 — 16x* — 48x = 4x(x* — 4x — 12)
= 4x(x — 6)(x + 2). Cancel the 2x term in the
numerator with the 4x term in denominator,
leaving 2 in the denominator. Cancel the (x + 2)
terms in the numerator and denominator, leav-
ing 2(x — 6) = 2x— 12 in the denominator.

A fraction is undefined when its denominator is
equal to 0. Set the denominator equal to 0 and
solve for x; x3 + 125 =0, x> =125, x = —5.

A fraction is undefined when its denominator
is equal to 0. Factor the polynomial in the
denominator and set each factor equal to 0 to
find the values that make the fraction unde-
fined; x + 3x2 — 4x = x(x + 4)(x = 1); x = 0;
x+4=0,x=-4;x—1=0,x=1. The fraction
is undefined when x is equal to —4, 0, or 1.

A fraction is undefined when its denominator
is equal to 0. Factor the polynomial in the
denominator and set each factor equal to 0 to
find the values that make the fraction unde-
fined; 4x> + 44x% + 120x = 4x(x*> + 11x + 30) =
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4x(x + 5)(x+ 6);4x =0, x=0; x + 5 =0,
x=-5;x+ 6 =0,x =—6. The fraction is unde-
fined when x is equal to -6, -5, or 0.

If the number is x, then the cube of the number
is x°. Twice the square of the number is 2x%. The
difference in those values is equal to 80 times
the number (80x). Therefore, x> — 2x2 = 80x.
Move all terms onto one side of the equation,
and factor the polynomial; x> — 2x? = 80x, x* —
2x% — 80x = 0; x> — 2x% — 80x = x(x* —2x— 80) =
x(x + 8)(x — 10). Set each factor equal to 0 to
find the values of x that make the equation
true.x=0;x+8=0,x=-8;x—10=0,x=10.
The given situation is true for the numbers 0,
-8, and 10, but only 10 is greater than 0. Trial
and error (plugging each answer choice into the
equation x° — 2x? = 80x) could be used, but only
on a multiple-choice SAT question. It is impor-
tant to be able to solve questions like this that
could occur in the grid-in section.

If the number is x, then four times the cube of
the number is 4x°. That value is equal to 48
times the number (48x) minus four times the
square of the number (4x?). Therefore, 4x> =
48x — 4x*. Move all terms onto one side of the
equation, and factor the polynomial; 4x° =
48x — 4x2, 4x3 + 4x? — 48x = 0; 4x° + 4x%? — 48x
= 4x(x* + x — 12) = 4x(x + 4)(x — 3). Set each
factor equal to 0 to find the values of x that
make the equation true. 4x =0, x=0; x + 4 =
0, x = —4; x— 3 = 0, x = 3. The given situation
is true for the numbers 0, —4, and 3, but only 3
is greater than 0. Trial and error could also be
used for a multiple-choice problem such as this.
If the first integer is x, then the second integer is
(x+ 1) and the third integer is (x + 2). The prod-
uct of these integers is x(x + 1)(x + 2); x(x + 1)
=x+x0+x)(x+2) =3+ 2%+ x>+ 2x=x>
+ 3x% + 2x. This polynomial is equal to the cube
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of the first integer, x*, plus 56. Therefore, x* + 3x
+ 2x = x>+ 56. Place all terms on one side of the
equation, combining like terms; x° + 3x> + 2x =
X+ 56,3x% + 2x— 56 = 0. Factor the polynomial:
3x% + 2x—56 = (3x + 14)(x — 4). Set each term
equal to 0 to find the values of x that make the
equation true; 3x + 14 =0,3x=—14,x= —%, but
you are looking for a positive integer; x —4 = 0,
x = 4.1If 4 is the first of the consecutive integers,
then 5 is the second integer and 6 is the third, and
largest, integer. Again, trial and error could be
used to find the solution.

» Chapter 5

1. b.

Find the square root of the coefficient and the
variable. V/(32x2) = V/32V/(x?) = xV/32. Next,
factor V/32 into two radicals, one of which is a
perfect square. V32 = (\/E)(\/E) = 4\V2.
Therefore, V/(32x%) = 4xV 2.

. Factor V(@) into two radicals; a? is a perfect

square, so factor V (a?) into VaV(a?) =aVa.
Multiply the coefficient of the given expression

by aVa: (a¥)(aVa) = a*Va.

. Factor \/4—g into two radicals; 4 is a perfect

square, so factor \/% into \/4_1\/§ = 2\/§. Sim-

plify the fraction by dividing the numerator by
the denominator. Cancel the Vg terms from the
numerator and denominator. That leaves % =2.

. The cube root of 27y* = 3y, since (3y)(3y)(3y) =

27y°. Factor the denominator into two radicals.
V(27y%) = (\/(9}/2))(\/5). The square root of
9y? = 3y, since (3y)(3y) = 9y%. The expression is

3y
now equal to VL Cancel the 3y terms from the

numerator and denominator, leaving % Sim-

plify the fraction by multiplying the numerator
i Ly V3 _ V3

and denominator by V3: (\/g)( \6) ==
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Factor each term in the numerator: \/m =
V() (Vb) =aVi; Viath) = (Va) (V1) =
bV a. Next, multiply the two radicals. Multiply
the coefficients of each radical and multiply the
radicands of each radical: (a\/E)(b\/a) =
abVab - Cancel

\Vab
the 'V ab terms from the numerator and denom-

abV ab. The expression is now

inator, leaving ab.
A term with a negative exponent can be rewrit-

ten as the reciprocal of the term with a positive
exponent. (\/? )2 =( \/@ ). Square the numer-
ator and denominator (1)2 =1, (\/%)2 = \/%
Therefore, ( ﬁ )2 = (i) = :1—

First, cube the ab term; (ab)?® = a’b>. Next, raise

the fraction —— ( ! to the fourth power. Multiply

each exponent of the a and b terms by 4. ((“ & ))

(a12b]2)

. To divide b'? by b4 subtract the expo-

b l b]z
nents; 5 = b® .Therefore, 7 ) — 1218,

. First, cube the 4¢* term. Cube the constant 4 and

multiply the exponent of g (2) by 3: (4¢*)° =
64¢°. Next, multiply 64¢° by ¢*. Add the expo-
nents of the g terms. (64¢°)(g*) = 64¢'°. Finally,
take the square root of 64¢'% (64¢'%): = 85,

since (8¢°)(8¢°) = 64¢'.

. First, find the square root of 9pr; \/% =

\/§\/p_r = 3\/p_r. The denominator (pr)‘% hasa
negative exponent, so it can be rewritten in the
numerator with a positive exponent; \/p_r can
be written as (pr)%, since a value raised to the
exponent % is another way of representing the
square root of the value. The expression is now
3(pr) (pr)2 To multlply the pr terms, add the
exponents; 2 + 2 =5 =2,50 3(pr) (pr)2 =
3(pr)? = 3p*r?

First, square fz (%)2 = % Next, look at the (%)*2

term. A fraction with a negative exponent can be

ANSWERS

11. e.

12. d.

13. c.

14. b.

15. c.

16. e.

17. d.

rewritten as the reciprocal of the fraction with a
positive exponent. (%)*2 = (f)2 = Multlply the
fractions in the numerator by addmg the expo-

nents of the fractions: (%) (%) = (Xi) Finally,

divide this fraction by xy; - x), ( )(xy) =
x5 Ty

Since (ag)2 = ag, the value of a: is equal to the
value of a3 squared. Therefore, a5 = 6% = 36.

(Vp)t=( p’li)4. Multiply the exponents: ( pi’)4 =
p2. Substitute — for g; p* =
with a negative exponent can be rewritten as the

—3)2. A fraction

reciprocal of the fraction with a positive expo-
nent; (—1) 2—( 3)2=09; p2—9 andp——30r3
Substltute foraand 9 for b; (3 \/_ =(3 )(3 =11
is raised to the power —3, but the value of the expo-
nent does not matter; 1 raised to any power is 1.

If y = —x, then y = —2. Substitute 2 for x and -2

for y: (((2)(=2))2)% = (-4) ) = (5) = 35.

First, cross multiply: g(gV/108) = V'3, V108

= V/3. Divide both sides of the equation by
V3 1

V108: V108 = V3,88 = s g = =, 80 =

. ¢- Take the square root of both sides of the equa-

tion to find the value of g: g* = 4, ¢ = f i =

[ Slmphfy the fract10n by multiplying it

by 2 (5 ) () = 2

First, substitute 2 for c. (2\/_ 2=48.2Vd)(2Vd)

= 4d. 4d = 48. Divide both sides of the equation
by4:47d=%,d= 12.

V1 = n2. The 1 term in the denominator has a
negative exponent. It can be placed in the numer-
ator with a positive exponent, since (n}% = .
The numerator of the fraction is now (n5)( n%)
and the denominator of the fraction is 1. To mul-
tiply terms with like bases, keep the base and add
the exponents: (n%)(n%) = n. Therefore, nm = 5,

5
andm=-.




18. d.

19. .

First, multiply the first two terms. Multiply the
coefficients of the terms (1 and 2) and add the
exponents. Since —y + y =0, (x7)(2¥’) = 2, and

x7)(2x)(3y%) =2(3y%) = 6)/". Substitute 2 for x
and -2 for y: 6(-2)? = 6(4) =

Substitute 20 for n: 20+ (20\/_)
(10\/5) = % (10V§). Cancel the V/5 terms
and multiply the fraction by 10: 2%( 10V5) =

05,
20.d.Ifa’=b= 4 then a = 2. Substitute 2 for a and 4
(4)(2)
forb((z)4 —(6)22( =1
» Chapter 6

1.c

2. d.

The fourth term in the sequence is 74. You are
looking for the ninth term, which is 5 terms
after the fourth term. Since each term is nine
less than the previous term, the ninth term will
be 5(9) = 45 less than 74; 74 — 45 = 29. Since
the number of terms is reasonable, you can
check your answer by repeatedly subtracting 9;
74—-9=65,65-9=56,56-9=47,47 -9 =
38,38 -9 =29.

The fourth term in the sequence is 10%. You are
looking for the eighth term, which is four terms
after the fourth term. Since each term is % more
than the previous term, the eighth term will be
4(%) = 6 more than 10%; 10% +6= 16%. Since the
number of terms is reasonable, you can check
your answer by repeatedly adding %; 10% + % =
12,1245 =135, 135+ 3= 15,15+ 5 = 165.

. The term that precedes x is 5. Therefore, the

value of xis 5—7 = -2, and the value of y is -2 —
7=-9.Therefore,x—y=-2-(-9)=-2+9=7.

. The term that follows z is 7. Since each term is

6 more than the previous term, z must be 6 less
than 7. Therefore, z= 7 — 6 = 1. In the same way,
y1is 6 less than zand x is 6 less than y; y=1-6
=-5andx=-5-6=-11.Thesumof x + zis
equal to-11 + 1 =-10.

ANSWERS

5. e.

6. b.

9. b.

10. a.

. The fourth term in the sequence is 2

The first term in the sequence is 2. The next
term in the sequence, g, is % more than 2: 2%. b
is é more than a, 2%. cis é more than 3: 3%. dis
% more than ¢, 3%. Add the values of a, b, ¢, and
d: 25+ 2%+ 33+ 32 =12.

The fourth term in the sequence is —24. You are
looking for the seventh term, which is three terms
after the fourth term. You must multiply by -2
three times, so the seventh term will be (-2)> =-8
times —24; (—24)(-8) = 192. Since the number of
terms is reasonable, you can check your answer by
repeatedly multiplying by -2; (-24)(-2) = 48,
(48)(=2) =—96, (=96)(~2) = 192.

® You are
looking for the seventh term, wh1ch is three
terms after the fourth term. You must multiply by
% three times, so the seventh term will be (%)3 =
8 .. 16,8

77 times 5 (37)(3°) =
term in the sequence is 18 times % raised to a
power. The first term, 18, is 18 X (%)0. The second
term, 12,1s 18 X (%)1. The value of the exponent

128 .
~1 - Alternatively, every

is one less than the position of the term in the

sequence. The seventh term of the sequence is

equalto 18 X (5)°=18 X (335) =2 X (§7) = 51 -

. Every term in the sequence is 5 raised to a power.

The first term, 5z, is 5. The second term, 55, is 52,
The value of the exponent is four less than the
position of the term in the sequence. The 20th
term of the sequence is equal to 520-4) = 51¢,
Since each term in the sequence is —4 times the
prev10us term, y is equal to — = 16, and x =
_—4 = —4. Therefore, xy = (16)(—4) =-6

Every term in the sequence is 3 raised to a power.
The first term, 1, is 3°. The second term, 3, is 31.
The value of the exponent is one less than the
position of the term in the sequence. The 100th
term of the sequence is equal to 31100~ 1 = 3%
and the 101st term in the sequence is equal to
3099+ 1 = 3190 To multiply two terms with com-

mon bases, add the exponents of the terms:
(399)(3100) = 3199,




11.b.

12. c.

13. e.

14. b.

15. d.

16. d.

Since the rule of the sequence is each term is two
less than three times the previous term, multi-
ply the last term, —53, by 3, then subtract 2:
(=53)(3) =-159-2 =-161.

Since the rule of the sequence is each term is
nine more than % the previous term, to find the
value of x, multiply the last term, 36, by %, then
add 9: (36)(3) = 12, 12 + 9 = 21. In the same way,
the value of y is 21(%) +9=7+9=16.There-
fore, the value of y —x = 16 — 21 = -5.

Since the rule of the sequence is each term is 20
less than five times the previous term, to find the
value of x, add 20 to 0 and divide by 5: (0+A520) =

? = 4. In the same way, the value of y is (_120%20)

= ;15%: —20. Therefore, the value of x + y =

4+ -20=-16.

Continue the sequence; 28.5 is the fourth term
of the sequence. The fifth term is (%) -2=
14.25— 2 = 12.25. The sixth term is (- 5) -2 =
6.125 — 2 = 4.125, the seventh term is (le) -2
= 2.0625 — 2 = 0.0625. Half of this number
minus two will yield a negative value, so the
eighth term of the sequence is the first term of
the sequence that is a negative number.

Since the rule of the sequence is each term is 16

more than —4 times the previous term, to find the

value of y, subtract 16 from —80 and divide by —4:

(_80_; 10 % = 24.In the same way, the value of x
is (24__416) = % =-2. Therefore, the value of x + y =
—2+24 =22,

Since each term in the sequence below is equal
to the sum of the two previous terms, d = b + ¢;
e = ¢+ d, since c and d are the two terms previ-
ous to e. If e = ¢ + d, then, by subtracting ¢ from
both sides of the equation, d = e—c. In the same
way, f=d + e, the terms that precede it, and that
equation can be rewrittenasd=f-e;d=b +,
and c=a + b. Therefore,d=b+ (a+b),d=a
+ 2b. However, d is not equal to e—2b; d = e—c,
and ¢ =a + b, not 2, since a is not equal to b.

ANSWERS

» Chapter 7

1.d.

4. b.

Solve the first equation for y in terms of x;
2x + y = 6, y = 6 — 2x. Substitute this expression
for y in the second equation and solve for x:

s = 12
3—x+4x=12
3x+3=12
3x=9
x=3
. Add the two equations together. The b terms
will drop out, and you can solve for a:
5a+3b=-2
+5a—3b=-38
10a =-40
a=-4

Substitute —4 for a in the first equation and solve
for b:

5(—4) +3b=-2

-20+3b=-2

3b=18

b=6

. Solve the first equation for x in terms of y; xy =

32 . . . :
32,x=". Substitute this expression for x in the
second equation and solve for y:

2x—y=0
2(5) -y =0
64

v —y=0
o4 _

y_y

5 =64
y=-8,y=8

In the first equation, multiply the (x + 4) term
by 3:3(x +4) = 3x + 12. Then, subtract 12 from
both sides of the equation, and the first equation
becomes 3x — 2y = —7. Add the two equations
together. The y terms will drop out, and you
can solve for a:

3x-2y=-7
+2y—4x=38
—-x=1
x=-1




5. e.

7.b.

8. d.

9. b.

Solve the second equation for a in terms of b; b
+ a =13, a =13 — b. Substitute this expression
for a in the first equation and solve for b:

Ta+2=25

7(13-b)+2=25

7b—91 + 2 =25

2116

29b =464

b=16

. . 4
. Solve the second equation for x in terms of y; -

= 1, x = 4y. Substitute this expression for x in the
first equation and solve for y:

3x+7y=19

3(4y) + 7y =19

12y+7y=19

19y =19

y=1
In the first equation, multiply the (m + #) term
by2andaddm:2(m+n)+m=2m+2n+m=
3m + 2n. Subtract the second equation from
the first equation. The m terms will drop out,
and you can solve for n:

3m+2n=9
=3m-3n=-24
5n=-15
n=-3

In the first equation, multiply the (b + 4) term
by —2: -2(b + 4) = -2b — 8. Add 8 to both sides
of the equation, and the first equation becomes
9a—2b = 38. Multiply the second equation by 2
and subtract it from the first equation. The a
terms will drop out, and you can solve for b:
2(4.5a-3b=3)=9a—-6b=6

9a—-2b=38
—(9a-6b=56)
4b =132

b=8

Solve the second equation for g in terms of p;
4p—2q=-14,-2q=—4p—14,q=2p + 7. Sub-
stitute this expression for g in the first equation
and solve for p:

4pq—-6=10

4p(2p+7)-6=10

ANSWERS

10. a.

11. c.

12. a.

8p2 +28p—6=10

8p>+28p—16=0

2p?+7p-4=0

2p-Dp+4=0

2p-1=0,2p=1,p=7%

p+4=0p=—4
Solve the second equation for b in terms of a; b
+ 2a=-4,b=-2a - 4. Substitute this expression
for b in the first equation and solve for a:

7(2a + 3(=2a—4)) = 56

7(2a + -6a—12) =56

7(-4a—-12) =56
—28a—84 =56
—28a =140
a=-5

Multiply the first equation by 8 and add it to the
second equation. The x terms will drop out, and
you can solve for y:

8(3x + 6y =7) = 4x + 48y = 56

4x + 48y =56
+—4x—15y=10
33y =66

y=2

Solve the second equation for # in terms of m;
m —n = 0, n = m. Substitute this expression for
n in the first equation and solve for m:

mn+1)=2
mm+1)=2
m*+m=2

m+m-2=0
(m+2)(m—-1)=0
m+2=0,m=-2
m—-1=0,m=1

13. b. Solve the second equation for ¢ in terms of d;

c—6d =0, c = 6d. Substitute this expression for
c in the first equation and solve for d:




14. d.

15. e.

16. a.

Substitute the value of d into the second equa-
tion and solve for ¢:

c-6(2)=0
c—-12=0
c=12

Since ¢ = 12 and d = 2, the value of 7 = % =6.
Divide the second equation by 2 and add it to
the first equation. The b terms will drop out, and

you can solve for a:
(6a—12b =—6)

3 =3a-6b=-3
4a+6b=24
+3a-6b=-3
7a=21
a=3

Substitute the value of a into the first equation
and solve for b:

4(3) + 6b =24
12 + 6b =24
6b =12
b=2

Sincea=3and b=2,thevalueofa+b=3+2=>5.
Multiply the first equation by —6 and add it to
the second equation. The x terms will drop out,
and you can solve for y:

—6(3—2y=14) = 2x+ 12y =84

—2x+ 12y =-84
+ 2x+6y=-6

18y =-90
y=-5

Substitute the value of y into the second equa-
tion and solve for x:

2x + 6(=5) =-6

2x-30=-6

2x =24

x=12
Since x = 12 and y = -5, the value of x — y =
12-(=5)=12+5=17.
Solve the second equation for y in terms of x; —x
—y=-6,—y=x—06,y=—x + 6. Substitute this
expression for y in the first equation and solve
for x:

ANSWERS

17. c.

18. d.

—5x+2(—x+6) =51
—5x—-2x+12=-51
-7x+12=-51
—7x=—-63
x=9
Substitute the value of x into the second equa-
tion and solve for y:

_9_y:_6
_y:?)
y=-3

Since x =9 and y = -3, the value of xy = (9)(-3)
=-27.

First, multiply (n + 2) by —-6: —6(n + 2) =
—6n — 12. Then, add 12 to both sides of the
equation. The first equation becomes m — 61 =
4. Add the two equations. The n terms will
drop out, and you can solve for m:

m—6n=4

+6n+m=16

2m =20
m=10

Substitute the value of m into the second equa-
tion and solve for n:

6n+10=16

6n==06

n=1
Since m = 1 and n = 10, the value of ;, = Tlo.
First, simplify the first equation by subtracting
4 from both sides. The first equation becomes 3x
= -5y + 4. Then, multiply the equation by -3
and add it to the second equation. The x terms
will drop out, and you can solve for y:

-3(3x=-5y+4)=-9x=15y—12

—9x=15y-12
+9x+11y=-8

11y =15y-20
—4y =-20

y=>
Substitute the value of y into the second equa-
tion and solve for x:

9x + 11(5) = -8




19. b.

20. e.

21. b.

9x+55=-8
9x =-63
x=-7

Since y =5 and x = -7, the valueof y —x =5 —
(=7)=5+7=12.

First, simplify the first equation by multiplying (a
+3) by % The first equation becomes %a + %— b
= —6. Subtract % from both sides, and the
equation becomes %a -b= —%. Then, multiply the
equation by —6 and add it to the second equa-
tion. The a terms will drop out, and you can

solve for b:
—6(3a-b=—2)=-3a+6b=45
—3a+ 6b=45
+3a-2b=-5

4b =40
b=10

Substitute the value of b into the second equa-
tion and solve for a:

3a-2(10) =-5
3a-20=-5
3a=15

a=>5

Since a =5 and b = 10, the value of a + b=5 +
10 =15.
Solve the second equation for b in terms of a; b
—a=1,b=a+ 1. Substitute this expression for
b in the first equation and solve for a:

10(a+1)—9a=6

10a+10-9a=6

a+10=6

a=-4
Substitute the value of a into the second equa-
tion and solve for b:

b—(—4)=1

b+4=1

b=-3
Since a = —4 and b = -3, the value of ab =
(—4)(=3) = 12.

Solve the second equation for y in terms of x; 2x
—y=9,—y =-2x+9,y=2x-9. Substitute this

ANSWERS

22. b.

23. c.

expression for y in the first equation and solve

for x:
x+2x-9
N
v
TZS
x—3=8
x=11

Substitute the value of x into the second equa-
tion and solve for y:

2(11) -y =9

22-y=9

—-y=-13

y=13
Since x = 11 and y = 13, the value of x —y = 11
—-13=-2.
First, simplify the second equation by subtract-
ing 9 from both sides of the equation. The sec-
ond equation becomes —2x — 6 = y. Then,
multiply the equation by 2 and add it to the
first equation. The x terms will drop out, and
you can solve for y:

2(-2x-6=y)=—4x—-12=2y

—A4x—12 =2y
+4x+6=-3y

—6=—y
y=06

Substitute the value of y into the first equation
and solve for x:

4x + 6 =-3(6)
4x+6=-18
4x=-24
x=-6

Since x =—6 and y = 6, the value off = —% =-1.

Multiply the second equation by 3 and add it to
the first equation. The p terms will drop out, and
you can solve for g:

3(=5p + 29 = 24) = —15p + 6g = 72

-15p+69="72
+8g+ 15p =26

14q =98
q=7




24. e.

25. d.

Substitute the value of g into the second equa-
tion and solve for p:

=5p+2(7) =24
—Sp+14=24
=5p=10
p=-2

Since p =-2 and q =7, the value of (p + q)> = (-2
+7)2=52=25,
First, simplify the first equation by multiplying
(x—1)by 9:9(x—1) =9x—9. Then, add 9 and
4y to both sides of the equation. The first equa-
tion becomes 9x + 4y = 11. Then, multiply the
second equation by —2 and add it to the first
equation. The y terms will drop out, and you can
solve for x:

22y +7x=3)=—4y—14x=-6

—4y—14x=-6

+9%x+4y=11

—5x=5

x=-1
Substitute the value of x into the second equa-
tion and solve for y:

2y+7(-1)=3

2y-7=3

2y =10

y=5
Since y = 5 and x = -1, the value of (y — x)? =
(5-(-1))*=6%= 36.
Solve the first equation for a in terms of b by
multiplying both sides of the equation by 2.
a=2b + 2. Substitute this expression for a in the
second equation:

32b+2-b) =-21

3(b+2)=-21
3b+6=-21
3h=-27
b=-9

Substitute the value of b into the first equation
and solve for a:

T=-9+1
a

7=-8
a=-16

ANSWERS

Since a = —16 and b = -9, the value of \/%

_ =6 Jjl6 _ 4
- -9 = 9 T 3-
» Chapter 8

1.c

2. b.

Draw a horizontal line across the coordinate
plane where f(x) = 2. In other words, graph the
line y = 2. This line touches the graph of f(x) in
3 places. Therefore, there are 3 values for which

flx) =2.

T il T \\\\\\\\\<’
x

Draw a horizontal line across the coordinate
plane where f(x) = 3. This line touches the graph
of f(x) in 1 place. Therefore, there is 1 value for
which f(x) = 3.

<

|
|
x

~ T T T T T T




3. d. f(x) = 0 every time the graph touches the x-axis,

since the x-axis is the graph of the line f(x) = 0.
The graph of f(x) touches the x-axis in 5 places.
Therefore, there are 5 values for which f{x) = 0.

. Draw a horizontal line across the coordinate

plane where f(x) = —5. This line touches the
graph of f(x) in 8 places. Therefore, there are 8
values for which f(x) = -5.

<

. Draw a horizontal line across the coordinate

plane where f(x) = —2. This line does not touch
the graph of f(x) at all. Therefore, there are 0 val-
ues for which f(x) = -2.

\\\\\\\\\\\<

6. d. Begin with the innermost function: find g(-3)

by substituting —3 for x in the function g(x):

ANSWERS

7.b.

10. b.

11. c.

g(=3) = (=3)? = 9. Then, substitute the result of
that function for x in f(x); f(9) =2(9) -1 =18 -
1=17.

Begin with the innermost function: Find f{(-2)
by substituting —2 for x in the function f(x):
f(=2) =3(-2) + 2 =—6 4+ 2 =—4. Then, substitute
the result of that function for x in g(x); g(—4) =
2(-4)—3=-8-3=-11.

. Begin with the innermost function: Find f(3) by

substituting 3 for x in the function f(x): f(3) =
2(3) + 1 =6 + 1 = 7. Next, substitute the result
of that function for x in g(x); g(7) =7 -2 =5.
Finally, substitute 5 for x in f(x): f(5) = 2(5) + 1
=10+1=11.

. Begin with the innermost function. You are

given the value of f{x): f(x) = 6x + 4. Substitute
this expression for x in the equation g(x):

gx)=x*-1

g(6x+4)=(6x+4)>—1

g(6x +4) =36x> + 24x + 24x + 16 — 1

g(6x +4) =36x> + 48x + 15

Therefore, g(f(x)) = 36x* + 48x + 15
Begin with the innermost function. You are
given the value of g(x): g(x) = 2'V/x. Substitute
this expression for x in the equation f(x):

flx) =4-2x*

f2Vx) = 4-2(2Vx)?

f2Vx) = 4-2(4x)

f2Vx)=4-8x

Therefore, f(g(x)) =4 — 8x
The definition of the function states that you
must multiply by 3 the term before the @ sym-
bol, then subtract from that product the term
after the @ symbol. Begin with the function in
parentheses, w@z, which is given as 3w — z.
Replace the expression w@z with 3w — z, and the
problem becomes (3w — z)@z. Again, multiply
the term before the @ symbol by 3, and subtract
from it the term after the @ symbol. Multiply
3w — z by 3 and subtract zz (3w — 2)@z =
33w—2)—z=9w—-3z—z=9w— 4z




12. b.

13. a.

14. e.

15. d.

16. b.

The definition of the function states that the
term before the & symbol should be divided by
the term after the & symbol, and that quotient
should be added to the product of the two
terms. Therefore, the value of q&p = % + qp.
Substitute 4 for p and -2 for q in this definition:
2 4+ (=2)(4) = — — 8 =-8.5.

The definition of the function states that the
term after the % symbol should be raised to
the power of the term before the % symbol.
Replace the expression j%k with its given value,
K/, and the problem becomes k%(k/). The term
after the % symbol, K, should be raised to the
power of the term before the % symbol, k:
(K)* = K*. Remember, when an exponent is
raised to an exponent, multiply the exponents.
The definition of the function states that the
term before the ? symbol should be subtracted
from the term after the ? symbol, and that dif-
ference should be divided by the sum of the two
terms. Begin with the innermost function: a?b,

o b- .
which is given as . Substitute the values of a
b- 5-6 _ -1l
and b: [ = 615 — 1 = —11. Now evaluate

a?—11. Remember, the term before the ? symbol
should be subtracted from the term after the ?
symbol, and that difference should be divided by
the sum of the two terms. Substitute the value of
a again: ﬁ = __—157 = 1—57

The definition of the function states that the
term before the A symbol should be squared and
the term after the A symbol should be subtracted
from that square. Begin with the innermost
function: yAy: Square the second term, y, and
subtract the first term, y: y* — y. Now evaluate
yM(y*—y). Again, square the second term, y* -y,
and subtract the first term, y: ()* — y)? -y =
H=y =y +y-y=y'-27+y-y.

The domain of a function is the set of all possi-
ble inputs to the function. All real numbers can
be substituted for x in the function f(x) = ﬁ
excluding those that make the fraction unde-
fined. Set the denominator equal to 0 to find the
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18. a.

19. c.

20. c.

x values that make the fraction undefined. These
values are not in the domain of the function;
x%-9=0,(x=3)(x+3)=0,x—3=0,x=3;
x+ 3 =0, x =-3. The domain of f(x) is all real
numbers excluding 3 and -3.

The range of a function is the set of all possible
outputs of the function. All real numbers can be
substituted for x in the function f(x) = x*— 4, so
the domain of the function is all real numbers.
Since the x term is squared, the smallest value
that this term can equal is 0 (when x = 0). There-
fore, the smallest value that f{x) can have is when
x=0.When x =0, f(x) = 0> — 4 = —4. The range
of f(x) is all real numbers greater than or equal
to —4.

The domain of the function is all real numbers;
any real number can be substituted for x. There
are no x values that can make the function unde-
fined. The range of a function is the set of all
possible outputs of the function. Since the x
term is squared, then made negative, the largest
value that this term can equal is 0 (when x = 0).
Every other x value will result in a negative value
for f(x). The range of f(x) is all real numbers less
than or equal to 0.

The square root of a negative value is imaginary,
so the value of 4x — 1 must be greater than or
equalto 0.4x—120,4x>1,x2> i. The domain
of f(x) is all real numbers greater than or equal
to %. Since x must be greater than or equal to i,
the smallest value of f(x) is the square root of 0,
which is 0. The range of the function is all real
numbers greater than or equal to 0.

The square root of a negative value is imagi-
nary, so the value of x — 5 cannot be negative.
Since the square root is the denominator of a
fraction, it cannot be equal to 0 either. The
value of V x — 5 must be greater than 0; Vx—5
> 0,x—5>0,x>5. The domain of f(x) is all
real numbers greater than 5. Since the denom-
inator of the fraction must always be positive,
and the numerator of the fraction is —1, the




21. a.

22, d.

23. e.

24. b.

value of f(x) will always be negative. No value of
x will make f(x) = 0, so the range of f(x) is all
real numbers less than 0.

The graph of the equation in diagram A is not
a function. A function is an equation in which
each unique input yields no more than one out-
put. The equation in diagram A fails the vertical
line test for all x values where -2 < x < 2. For
each of these x values (inputs), there are two y
values (outputs).

The range of a function is the set of possible
outputs of the function. In each of the five equa-
tions, the set of possible y values that can be
generated for the equation is the range of the
equation. Find the coordinate planes that show
a graph that extends below the x-axis. These
equations have negative y values, which means
that the range of the equation contains negative
values. The graphs of the equations in diagrams
A, B, and D extend below the x-axis. However,
the graph of the equation in diagram A is not a
function. It fails the vertical line test for all x val-
ues where —2 < x < 2. The equations graphed in
diagrams B and D are functions whose ranges
contain negative values.

The equation of the graph in diagram Bis y =
|x| — 3. Any real number can be substituted into
this equation. There are no x values that will
generate an undefined or imaginary y value.
The equation of the graph in diagram E is y =
(x—3)? + 1.With this equation as well, any real
number can be substituted for x—there are no
x values that will generate an undefined or
imaginary y value. The equation of the graph in
diagram Disy = % If x = 0, this function will be
undefined. Therefore, the domain of this func-
tion is all real numbers excluding 0. Only the
functions in diagrams B and E have a domain of
all real numbers with no exclusions.

The equation of the graph in diagram Cis y =
V/x. Since the square root of a negative number
is imaginary, the domain of this equation is all
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real numbers greater than or equal to 0. The
square roots of real numbers greater than or
equal to 0 are also real numbers that are greater
than or equal to 0. Therefore, the range of the
equation y = V/x is all real numbers greater than
0, and the domain and range of the equation are
the same. The equation of the graph in diagram
Disy= % If x = 0, this function will be unde-
fined. Therefore, the domain of this function is
all real numbers excluding 0. One divided by a
real number (excluding 0) will yield real num-
bers, excluding 0. Therefore, the range of the
equation y = % is all real numbers excluding 0,
and the domain and range of the equation are
the same. The equation of the graph in diagram
Bis y = |x| — 3. Any real number can be substi-
tuted into this equation. There are no x values
that will generate an undefined or imaginary y
value. However, it is impossible to generate a y
value that is less than —3. Any x value greater
than or less than 3 will generate a y value that is
greater than —3. Therefore, the range of the
equation y = |x| — 3 is all real numbers greater
than or equal to —3. The domain and range of
y = |x| — 3 are not the same. The equation of the
graph in diagram E is y = (x— 3)? + 1. With this
equation as well, any real number can be sub-
stituted for x—there are no x values that
will generate an undefined or imaginary y value.
However, it is impossible to generate a y
value that is less than 1. Any x value greater than
or less than 3 will generate a y value that is
greater than 1. Therefore, the range of the equa-
tion y = (x — 3)? + 1 is all real numbers greater
than or equal to 1. The domain and range of
y = (x—3)?+ 1 are not the same.

The graph of the equation in diagram A is not
a function. It fails the vertical line test for all x
values where -2 < x < 2. The equation of the
graph in diagram B is y = |x| — 3. Any x value
greater than or less than 3 will generate a y
value that is greater than —3; no values less than
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-3 can be generated by this equation. Therefore, 3.c.

the range of the equation y = |x| — 3 is all real
numbers greater than or equal to —3. The equa-
tion of the graph in diagram Cis y = V/x. Since
the square roots of negative numbers are imag-
inary, the range of this equation is all real num-
bers greater than or equal to 0. The equation of
the graph in diagram Dis y = % One divided by

a real number (excluding 0) will yield real num- 4. a.

bers, excluding 0. There is no value for x that
can make y = 0. Therefore, the range of the
equation y = % is all real numbers excluding 0.
The equation of the graph in diagram E is y =
(x — 3)*> + 1. Any x value greater than or less
than 3 will generate a y value that is greater than
1; no values less than 1 can be generated by this
equation. Therefore, the range of the equation
y = (x—3)?+ 1 is all real numbers greater than
or equal to 1. Of the four equations that are
functions, the equation y = (x—3)% + 1 (E), has
the smallest range (fewest elements), since the
set of real numbers that are greater than or
equal to 1 is smaller than the set of all real

numbers greater than or equal to -3 (B), 5. b.

smaller than the set of all real numbers greater
than or equal to 0 (C), and smaller than the set
of all real numbers excluding 0 (D).

» Chapter 9

1. d. Angles2,4,6,and 7 arealternating (vertical) angles.
Therefore, their measures are equal. Angles 7 and
8 are supplementary. Therefore, angles 2 and 8
are also supplementary; 12x + 10 + 7x — 1 = 180,

19x + 9 =180, 19x = 171, x = 9. Since x = 9, the 6. a.

measure of angle 2is 12(9) + 10=108 + 10 =118°.
2. e. Angles 5 and 6 are supplementary. Therefore,
the sum of their measures is 180°. If the meas-
ure of angle 6 is x, then the measure of angle 5

is 5x; 5x + x = 180, 6x = 180, x = 30. The meas- 7. d.

ure of angle 6 is 30°, and the measure of angle 5
is 5(30) = 150°.

Angles 4 and 7 are alternating angles. Therefore,
their measures are equal; 6x + 20 = 10x — 40, 4x
=60, x = 15. Since x = 15, the measure of angles
4and 7is6(15) +20 =90 + 20 = 110. Notice that
replacing x with 15 in the measure of angle 7
also yields 110: 10(15) — 40 = 150 — 40 = 110.
Since angles 6 and 7 are vertical angles, the
measure of angle 6 is also 110°.

If angle 3 measures 90°, then angles 1, 6, and 7
must also measure 90°, since they are alternat-
ing angles. Angles 3 and 4 are supplementary,
since these angles form a line. Therefore, the
measure of angle 4 is equal to 180 — 90 = 90°.
Angles 3 and 4 are congruent and supplemen-
tary. Since angles 2, 4, 5, and 8 are alternating
angles, they are all congruent to each other.
Every numbered angle measures 90°. Therefore,
every numbered angle is congruent and sup-
plementary to every other numbered angle.
Angles 5 and 7 are in fact adjacent, since they
share a common vertex and a common ray.
However, angles 1 and 2 are not complemen-
tary—their measures add to 180°, not 90°.
Angles 2 and 6 are alternating angles. Therefore,
their measures are equal; 8x + 10 = x*> — 38,
x?— 8x—48 = 0. Factor x* — 8x — 48 and set each
factor equal to 0; x* — 8x — 48 = (x + 4)(x — 12),
x+4=0,x=-4;x-12=0,x=12. An angle
cannot have a negative measure, so the —4 value
of x must be discarded. If x = 12, then the meas-
ure of angle 2 is 8(12) + 10 = 106°. Notice that
replacing x with 12 in the measure of angle 6
also yields 106: (12)2 — 38 = 144 — 38 = 106°.
Since angles 6 and 8 are supplementary, the
measure of angle 8 is equal to 180 — 106 = 74°.
Perpendicular lines cross at right angles. There-
fore, angle AOC s 90°. Since angles 1 and 2 com-
bine to form angle AOC, the sum of the
measures of angles 1 and 2 must be 90°. There-
fore, they are complementary angles.

Since line AE is perpendicular to ray OC, angles
AOC and EOC are both 90°. Since angles 1 and
2 combine to form angle AOC and angles 3 and




9. b.

10. b.

4 combine to form angle EOC, these sums must
both equal 90°. Therefore, angle 1 + angle 2 =
angle 3 + angle 4. Angles 1, 2, 3, and 7 form a
line, as to angles 4, 5, and 6. Therefore, the meas-
ures of angles 1,2, 3,and 7 add to 180°, as do the
sum of the measures of angles 4, 5, and 6. In the
same way, angles 2, 3,4, and 5 form a line, so the
sum of the measures of those angles is also 180°.
Angles GOF and BOD are vertical angles. There-
fore, their measures are equal. Since angle 6 is
angle GOF and angles 2 and 3 combine to form
angle BOD, the measure of angle 6 is equal to the
sum of the measures of angles 2 and 3. However,
the sum of angle 1 and angle 7 is not equal to the
sum of angle 2 and angle 3. In fact, the sum of
angles 2 and 3 is supplementary to the sum of
angles 7 and 1, since angle 6 is supplementary to
the sum of angles 7 and 1, and the sum of angles
2 and 3 is equal to the measure of angle 6.

. Since line AE is perpendicular to ray OC, angle

EOC is a right angle (measuring 90°). Angles 3
and 4 combine to form angle EOC; therefore,
their sum is equal to 90°: 2x + 2 + 5x— 10 = 90,
7x—8 =90, 7x = 98, x = 14. Angle 4 is equal to
5(14) — 10 =70 — 10 = 60°. Since angles 4 and 7
are vertical angles, their measures are equal, and
angle 7, too, measures 60°.

Since line AE is perpendicular to ray OC, angle
EOC is a right angle (measuring 90°). Angles 3
and 4 combine to form angle EOC; therefore,
their sum is equal to 90°: 90 — 57 = 33. Angle 3
measures 33°. Angle AOC is also a right angle,
with angles 1 and 2 combining to form that
angle. Therefore, the measure of angle 2 is
equal to: 90 — 62 = 28°. Angle 6 and angle BOD
are vertical angles; their measures are equal.
Since angles 2 and 3 combine to form angle
BOD, the measure of BOD, and angle 6, is
equal to: 33 + 28 = 61°.

Since line AE is perpendicular to ray OC, angle
EOC is a right angle (measuring 90°). Angles 3
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13. b.
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15. e.

and 4 combine to form angle EOC; therefore,
their sum is equal to 90°: 5x + 3 + 15x + 7 = 90,
20x + 10 = 90, 20x = 80, x = 4. Therefore, the
measure of angle 4 is equal to: 15(4) + 7 = 67°.
Angles 4, 5,and 6 form a line; therefore, the sum
of their measures is 180°. If x is the sum of
angles 5 and 6, then 67 + x = 180, and x = 113°.
Since angles AIC and KIL are vertical angles,
their measures are equal.

Since line IJ is perpendicular to line GH, angle
IJL is a right angle, which measures 90°. There
are 180° in a triangle, so the measures of angles
JLI and JIL must add to 90°: 8x—4 + 5x + 3 = 90,
13x — 1 = 90, 13x = 91, x = 7. Therefore, the
measure of angle JLI is 8(7) — 4 = 52°. Since
angles JLI and AIE are alternating angles, their
measures are equal. Angle AIE is also 52°.
Angles GKI and EIC are alternating angles;
therefore, angle EIC also measures 15x — 4. Since
angles EIC and CIF form a line, their measures
add to 180°% 15x—4 + x> =180, x% + 15x— 184 =
0. Factor and solve for x: (x + 23)(x—8) =0, x +
23 =0,x=-23.An angle cannot have a negative
value, so disregard the negative value of x; x — 8
= 0, x = 8. Therefore, the measure of angle EIC
isequal to: 15(8) —4=120-4=116°.

Since line IJ is perpendicular to line EF, angles
JIF and EIJ are right angles, which measures 90°
each. Angles LIF and JIL combine to form angle
JIF; therefore, their measures add to 90°. If the
measure of angle JIL is x, then the measure of
angle LIF is x + 6, since its measure is 6 greater
than the measure of angle JIL; x + x + 6 = 90, 2x
+ 6 =90, 2x = 84, x = 42. The measure of angle
JIL is 42° and the measure of angle LIF is 42 + 6
= 48°. Since angles LIF and EIK are congruent,
angle EIK is also 48°. Angles EIK and KIJ are
complementary, so angle KIJ is 90 — 48 = 42°.
Angles JLB, ILH, and EIL are alternating angles;
therefore, their measures are equal. Since
angles EIL and LIF form a line, these angles are




16. e.

17. e.

18. a.

19. c.

supplementary and add to 180°. If angle LIF is
x, then angle JLB is 3.5x, and x + 3.5x = 180,
4.5x = 180, x = 40. Therefore, the measure of
angle LIF is 40° and the measure of angle EIL is
3.5(40) = 140°.

Since lines EF and AB are perpendicular, angle
AOE measures 90°. Angle AOE is made up of
angles 2 and 3. Angles 1, 2, 3, and 4 form a line.
Since the measure of angles 2 and 3 add to 90°,
and there are 180° in a line, the measures of
angles 1 and 4 must add to 90°% 11x + 7x = 90,
18x =90, x = 5. Therefore, the measure of angle
4is11(5) = 55°,

Angles 4 and 8 are vertical angles, angles 1 and
5 are vertical angles, and angles 2 and 6 are ver-
tical angles. Since vertical angles have equal
measures, the sum of angles 4, 5, and 6 is equal
to the sum of angles 1,2, and 8. Lines AB and EF
are not known to be perpendicular. Test the
other answer choices with different possible val-
ues. Angles 3 and 7 could measure 40°, while
angles 1, 2, 5, and 6 measure 45° and angles 4
and 8 measure 50°. Using these numbers, only
the number sentence in choice e holds true.
Angles 2 and 6 are vertical angles and angles 3
and 7 are vertical angles. Therefore, angle 2 is
equal to angle 6, angle 3 is equal to angle 7, and
the sum of angles 2 and 3 is equal to the sum of
angles 6 and 7: x> = 10x; x> — 10x = 0, x(x— 10) =
0. x cannot be 0, since no angles measure
0%x—10=0,x=10,and the sum of angles 2 and
31is (10)?>=100. Since angles 2, 3,4,and 5 form a
line, the sum of their measures is 180°. There-
fore, the sum of angles 4 and 5 is equal to 180 —
100 = 80°.

Angles 2 and 6 are vertical angles; their measures
are equal. Therefore, the measure of angle 2 also
5x — 3. Since lines CD and GH are perpendicu-
lar to each other, angle COG is a right angle, and
angles 1 and 2 are complementary; 3x + 5 + 5x
—-3=90,8x+2=90,8x=2388,x=11. The meas-
ure of angle 2 is 5(11) —3 =55 -3 = 52°.
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20. b. Angles 3 and 7 are vertical angles, so their meas-

21. e.

ures are equal. Angles 4 and 8 are also vertical
angles, so their measures are also equal. Since
angles 4 and 7 are congruent, and angles 4 and
8 are congruent, angles 7 and 8 must be con-
gruent. In the same way, since angles 4 and 7 are
congruent and angles 3 and 7 are congruent,
angles 3 and 4 must be congruent. Angles 3, 4,
7,and 8 are all congruent. In fact, since angles 3
and 4 are complementary and angles 7 and 8 are
complementary (since lines CD and GH are per-
pendicular) all four angles measure 45°. How-
ever, nothing is known about angles 1, 2, 5, and
6. It cannot be stated that angle 2 = angle 3.
Since lines EF and AB are perpendicular, angle 8
measures 90°. Therefore, 90 + angle 9 = 133°,
133 -90 =43, s0 angle 9 measures 43°. Angles 3
and 9 form a line; the sum of their measures
is 180°. The measure of angle 3 is equal to:
180 —-43 =137°.

22, d. Angles 21, 17, and 11 are alternating angles;

23. c.

their measure are equal. Since angle 11 and
angle 5 are supplementary (they combine to
form a line), angles 21 and 5 must be supple-
mentary. Therefore, x> + 11 = 180, x* = 169,
(x+ 13)(x—13) = 0, and x = 13 (disregard the
negative value of x, since every numbered angle
is greater than 0). If x = 13, then the measure of
angle 3 is 9(13) + 1 = 117 + 1 = 118°. Since
angle 3 and angle 10 are vertical angles, angle 10
is also 118°.

Angles 1 and 8 are both right angles. In addition
to be equal, they are also supplementary, since 90
+ 90 = 180°. Angles 19, 15, and 20 also add to
180°, since these angles form a line. Angle 1 +
angle 8 = angle 19 + angle 15 + angle 20 = 180°.

24, d. Angles 5, 12, 16, and 22 are alternating (verti-

cal) angles; their measures are equal; 8x — 4 =
7x+11,x—4=11,x=15;8(15) -4 =120-4
= 116°. Notice that you could also substitute 15
into the measure of angle 22: 7(15) + 11 = 105
+ 11 = 116°. The measure of angles 5, 12, 16,
and 22 is 116°.




25, b. Since lines AB and GH are perpendicular, angle

20 measures 90° and the sum of the measures of
angles 14 and 15 is 90°. Therefore, angle 14 = 15x
+ 6 —90 and angle 15 = 18x — 90. Since the sum
of angles 14 and 15 is 90°, (15x + 6 — 90) +
(18x—90) =90, 33x— 174 =90, 33x = 264, x =
8. Therefore, the sum of angles 20 and 14 is
15(8) + 6 = 126, and the measure of angle 14
is equal to: 126 — 90 = 36. Since angles 14 and 19
are vertical angles, angle 19 also measures 36°.

» Chapter 10

1. b. The measures of the angles of a triangle add to

180°. Therefore, 3x + 4x + 5x = 180, 12x = 180,
and x = 15.

. The measures of the angles of a triangle add to

180°. Therefore, 5x + 10 + x + 10 + 2x = 180, 8x
+ 20 =180, 8x = 160, and x = 20. The measure
of angle A is 5(20) + 10 = 110, the measure of
angle B is (20) + 10 = 30, and the measure
of angle C is 2(20) = 40. Since the largest angle
of triangle ABC is greater than 90° and no two
angles of the triangle are equal in measure, tri-
angle ABC is obtuse and scalene.

. An angle and its exterior angle are supplemen-

tary. Therefore, 8x + 16x + 12 = 180,24x + 12 =
180, 24x = 168, x = 7. Since x = 7, the measure
of angle F = 8(7) = 56°.

. The measures of the angles of a triangle add to 180°.

Therefore,2x+5+2x+5+3x-5=180,7x+ 5=
180, 7x = 175,and x = 25. The measure of angle A
is 2(25) + 5 =50 + 5 = 55. Since an angle and its
exterior angle are supplementary, the measure of
an angle exterior to A is 180 — 55 = 125°.

. Since an angle exterior to angle F is 120°, the

measure of interior angle F is 60°, and the sum
of the measures of interior angles D and E is 120°.
Angles D and E could each measure 60°, making
triangle DEF acute and equilateral, but these
angles could also measure 100° and 20° respec-
tively, making triangle DEF obtuse and scalene.

ANSWERS
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However, triangle DEF cannot be isosceles.
Angle F measures 60° if either angles D or E
measure 60°, the other must also measure 60°,
making triangle DEF equilateral. Angles D and
E cannot be congruent to each other without
also being congruent to angle F. Therefore, tri-
angle DEF can be acute, obtuse, scalene, or equi-
lateral, but not isosceles.

. The measure of an exterior angle is equal to the

sum of the measures of the interior angles to
which the exterior angle is not adjacent. There-
fore, the measure of angle 5 is equal to the sum
of the measures of angles 1 and 3, not angles 1
and 2. It is true that the sum of angles 4 and 1 is
equal to the sum of angles 3 and 6, since both
pairs of angles form lines. It is also true that the
sum of angles 2 and 3 is equal to the measure of
angle 4, since angle 4 is an exterior angle that is
not adjacent to 2 or 3. Since there are 180° in a
triangle, the sum of angles 1, 2, and 3 is equal to
180°. The sum of the measures of one exterior
angle from each vertex of a triangle is 360°, so
the statement in choice e is also true.

Angles 3 and 6 are supplementary. Therefore,
the measure of angle 3 = 180 — 115 = 65. The
measure of an exterior angle is equal to the sum
of the measures of the interior angles to which
the exterior angle is not adjacent. Therefore, the
sum of angles 2 and 3 is equal to the measure of
angle 4: 75 + 65 = 140°.

. If one exterior angle is taken from each vertex

of a triangle, the sum of these exterior angles is
360°% 7x + 2 + 8x + 8x— 10 =23x— 8 = 360, 23x
= 368, x = 16. Therefore, angle 4 measures
7(16) + 2 = 112 + 2 = 114. An exterior angle
and its adjacent interior angle are supple-
mentary, so the measure of angle 1 is equal to:
180 — 114 = 66°.

. Since there are 180° in a triangle, x> + 1 + 9x —

74+6x+2=180,x*+ 15x—4 =180, x% + 15x—
184 =0, (x—8)(x+23) =0,x = 8 (disregard the
negative value of x since an angle cannot have a
negative measure). Therefore, the measure of
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angle 1 is (8)2 + 1 = 64 + 1 = 65, the measure of
angle 2 is 9(8) — 7 =72 — 7 = 65, and the meas-
ure of angle 3 is 6(8) + 2 = 48 + 2 = 50°. Since
exactly two of the angles of triangle ABC are
equal, triangle ABC is isosceles.

If the measure of angle F is x, then the sum of
the measures of angles D and E is 2x. Since there
are 180° in a triangle, x + 2x = 180, 3x = 180, and
x = 60. Since the measure of an exterior angle is
equal to the sum of the measures of the interior
angles to which the exterior angle is not adja-
cent, the measure of an angle exterior to F is
equal to 2(60) = 120°.

The measures of corresponding sides of similar
triangles are in the same ratio. The ratio of side
AB to side DE is equal to the ratio of side AC to
side DF. Therefore, % = %, % = 772, 3x=144,x=
48. The length of DF is 48.

The measures of corresponding sides of similar
triangles are in the same ratio. The ratio of side
AB to side DE is equal to the ratio of side AC to
side DF. Therefore, 12(1er—22 = x6+xz> (10x—2)(x+2)
=(6x)(2x+2), 10x2 = 2x + 20x— 4 = 12x% + 12x,
2x2—6x+4=0,x>-3x+2=0,(x-2)(x-1) =
0,x=1;x=2.1fx=1,thenside DF= (1) +2 =
3. However, every side of triangle DEF is greater
than 3. Therefore, x must be equal to 2; 2 + 2 = 4.
The length of side DF is 4.

The measures of corresponding sides of similar

triangles are in the same ratio. The ratio of side
BCtoside EFis 1: %, or 5:1. Therefore, each side
of triangle ABC is five times the length of its cor-
responding side in triangle DEF, and each side
of triangle DEF is % the length of its correspon-
ding side in triangle ABC. Corresponding angles
of similar triangles are congruent. Therefore,
angle A is congruent to angle D, not five times
its measure.

Since triangles JKL and MNO are congruent
and equilateral, every side of triangle JKL is
congruent every other side of triangle JKL and
congruent to every side of triangle MNO. There-
fore,6x+3=x2—4,x2—6x—7,(x=7)(x+1) =
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0, x = 7. Disregard the negative value of x, since
a side of a triangle cannot be negative. Every
length of triangles JKL and MNO is equal to
6(7)+3=42+3=45.

Since the triangles are similar, the measures of
their corresponding sides are in the same ratio.
Sides HG and PQ are corresponding sides that
are congruent. Therefore, the ratio of side HG to
side PQ s 1:1. Each side of triangle GHI is con-
gruent to its corresponding side; therefore, side
GI is congruent to its corresponding side.
Angles 10 and 13 are vertical angles. Since ver-
tical angles are equal, angle 10 is also 94°.
There are 180° in a triangle, and angles 6 and 7
are congruent. Therefore, 94 + x + x = 180, 2x
= 86, x = 43. Since the measure of angle 7 is 43
and angles 7 and 8 are supplementary, the
measure of angle 8 is equal to 180 — 43 = 137°.
The measure of an exterior angle is equal to the
sum of the interior angles to which the exterior
angle is not adjacent. Therefore, angle 3 is equal
to the sum of angles 6 and 10: 10x + 15 =
8x—-3+3x+7,10x+15=11x+4,x=11. The
measure of angle 3is 10(11) + 15=110+15=
125. Since angles 3 and 7 are supplementary, the
measure of angle 7 is 180 — 125 = 55°.

Angles 10 and 13 are vertical angles; their
measures are equal. Angle 5 and the sum of
angles 10 and 11 are equal, since angle 5 and
the combination of angles 10 and 11 are alter-
nating angles. Therefore, 10x + 2 = 4x—4 + 7x
—-6,10x+2=11x-10, x = 12. Since the meas-
ure of an exterior angle is equal to the sum of
the interior angles to which the exterior angle
is not adjacent, angle 5 is equal to the sum of
angles 10 and 7: 10(12) + 2 = 120 + 2 = 122°.
If the measure of angle 14 is x, then the measure of
angle 11 is 2x and the measure of angle 8 is 2.5x.
Since angles 8 and 11 are supplementary, 2x +
2.5x =180, 4.5x = 180, x = 40. Therefore, angle 14
=40°and angle 11 = 2(40) = 80°. Since angles 10,
11, and 14 form a line, the measure of angle 10 is
equal to 180 — (40 + 80) = 180 — 120 = 60°.




20. a.

If angle 8 is greater than angle 7, angle 7 cannot
be the right angle of the triangle; otherwise,
angles 8 and 7 would be congruent. Therefore,
angle 7 is one of the acute, congruent angles of
the right triangle, which means that it measures
45°. Since angles 8 and 5 are congruent, angle 6
must be the other 45° angle of the triangle, mak-
ing angle 10 the right angle of the triangle. Since
angle 6 is 45° and angles 2 and 6 are supple-
mentary, the measure of angle 2 is 180 — 45 =
135°. Since angles 6 and 9 are alternating angles,
the measure of angle 9 is 45°, and since angles 7
and 12 are alternating angles, the measure of
angle 12 is also 45°. Therefore, the sum of angles
9and 12 is 45 + 45 = 90, not 135, so angle 2 is not
equal to angle 9 + angle 12.

» Chapter 11

1. e
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3. b.
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Use the Pythagorean theorem: (x—3)? + (x + 4)?
=(2x-3)%x*—6x+9+x>+8x+ 16 =4x*—12x
+9,2x2 +2x +25=4x>— 12x+9,2x* — 14x— 16
=0,x>-7x—8=0,(x—8)(x+1) =0,x=8. Dis-
regard the negative value of x, since a side of a tri-
angle cannot be negative. Since x = 8, the length
of the hypotenuse is 2(8) -3 =16 -3 =13.

Use the Pythagorean theorem: 82 + x? =
(8V'5)2, 64 + x% = 320, x> = 256, x = 16 (x can-
not equal —16 since the side of a triangle cannot
be negative).

Use the Pythagorean theorem: 9% + 152 = x2,
81 +225 = x%, x2 = 306, x = V/306 = 3V/34.

. If the shorter base is g, then the longer base is

3a. Use the Pythagorean theorem: a® + (3a)% =
A a2 +9a2=210a2 =3, c=aV10.

The hypotenuse of the given triangle is x + 5,
since x cannot be 0 or negative (the side of a tri-
angle cannot be 0 or negative); therefore, x + 5
> x > x — 5. Using the Pythagorean theorem,
(x)24+ (x=5)2=(x+5)%x>+x2—10x + 25 =
x% + 10x + 25, 2x2 — 10x + 25 = x% + 10x + 25,
x2 = 20x =0, x(x — 20) = 0, and x = 20, since x
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cannot be 0. Therefore, the sides of the triangle
measure 20, 20 — 5 = 15, and 20 + 5 = 25. The
sides of the triangle, 15, 20, 25, are a multiple of
the triangle with sides 3, 4, 5, since 3(5) = 15,
4(5) = 20, and 5(5) = 25.

If the measure of one base angle of a right
triangle is 45°, then the measure of the other
base angle must also be 45° (180 — (90 + 45) =
45). Therefore, TUV is an isosceles right trian-
gle, or a 45-45-90 right triangle. The
hypotenuse of a 45-45-90 right triangle is equal
to V2 times the length of a base. Since the
length of a base is 10, the hypotenuse of the tri-
angle is 10V/2 units.

. The hypotenuse of an isosceles right triangle is

equal to \V/2 times the length of a base, and the
base of the triangle is equal to Tz times the
length of the hypotenuse. Since the hypotenuse
of the triangle is x, the bases of the triangle each
measure ¥ units.

If angle Q is the right angle of the triangle, then
side QR is a base of the right triangle. If the sine
of P is equal to the sine of R, then angle P is
equal to angle R. Therefore, PQR is an isosceles
right triangle. The hypotenuse of an isosceles
right triangle is equal to V/2 times the length of
a base. Since the length of a base is 4, the
hypotenuse of the triangle is 4\/2 units.

. To find the hypotenuse of a right triangle, you

must add the squares of the base lengths. How-
ever, only the length of one base is given. There
is no information provided about the angles of
triangle IJK, so you cannot determine if this is a
certain type of right triangle. Therefore, the
length of side IK cannot be determined from the
information provided.

Since angle IKD is 135°, and it is supplemen-
tary to angle IKJ, the measure of angle IK] =
180 — 135 = 45. Lines GH and CD form a right
angle, IJK, since these lines are perpendicular.
Since angle IK] = 45°, angle JIK is also 45° (180
— (90 + 45) = 45). Therefore, triangle IJK is an
isosceles right triangle. The length of side IJ is
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25 units, since line CD is 25 units from
line AB. The hypotenuse of an isosceles right
triangle is equal to V2 times the length of a
base. Since the length of a base, IJ, is 25, the
hypotenuse, IK, is 25V/2 units.

If angle A is twice the measure of angle C, then let
angle C=xandlet angle A = 2x; x + 2x+ 90 = 180,
3x=90,x = 30. The measure of angle Cis 30° and
the measure of angle A is 2(30) = 60°. Therefore,
this is a 30-60-90 right triangle. Side AB is the
shorter base, since it is the side opposite the
smallest angle. The hypotenuse of a 30-60-90
right triangle is twice the length of the shorter
base. Therefore, the measure of AC is 2(7) =
14 units.

Since angle B of triangle ABC is a right angle
and angle Cis 60°, angle A must be 30° (180 — (90
+ 60) = 30). Therefore, this is a 30-60-90 right tri-
angle. Side AB is the longer base, since it is the
side opposite the larger base angle. The measure
of the larger base of a 30-60-90 right triangle is
\/3 times the length of the shorter base. There-
fore, the length of side BCis equal to the length
of side AB divided by V/3: 3—@ = %ﬂ =3V3
units.

Since angle B of triangle ABC is a right angle and
angle C is 60°, angle A must be 30° (180 — (90 +
60) = 30). Therefore, this is a 30-60-90 right tri-
angle. Side AB1is the longer base, since it is the side
opposite the larger base angle. The hypotenuse of
a30-60-90 right triangle is twice the length of the
shorter base. Therefore, the measure of side BC1is
(6’%2) = 3x + 1 units. The measure of the larger
base of a 30-60-90 right triangle is \/3 times the
length of the shorter base. Therefore, the length
of side ABis (3x + 1)\V/3 units.

Since angle B of triangle ABC is a right angle
and angle C is 60°, angle A must be 30° (180 —
(90 + 60) = 30). Therefore, this is a 30-60-90
right triangle. Side AB is the longer base, since it
is the side opposite the larger base angle. The
hypotenuse of a 30-60-90 right triangle is twice
the length of the shorter base. Therefore, if the
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length of side BCis x, then the length of side AC
is 2x, and their sum is equal to 3x; 3x = 12, x =
4. The length of side BC s 4 units, and the length
of side ABis 4\/3 units, since the longer base of
a30-60-90 right triangle is /3 times the length
of the shorter base.

Side AB of equilateral triangle ABC is 8 units;
therefore, side AC is also 8 units. Since side AE
is 20 units, side CE must be 20 — 8 = 12 units.
Angle ACB is 60°, since every angle of an equi-
lateral triangle is 60°. Angles ACB and ECD are
vertical angles, so angle ECD also measures 60°.
Since angle ECD is 60°, angle CED is 30°, and tri-
angle CDE is a 30-60-90 right triangle. Side CD
is half the length of side CE, since it is the shorter
base of the 30-60-90 right triangle. Therefore,
side CD is equal to % = 6. Line segment BCis 8
units, since it is a side of equilateral triangle
ABC, of which every side measures 8 units. The
length of side BD is equal to the sum of side BC
and side CD: 8 + 6 = 14 units.

Since triangle ABC is an isosceles right triangle,
the measures of both bases are equal. Therefore,
the tangent of either angle A or angle C is the
tangent of 45°, which is 1, since any number
divided by itself is 1.

The tangent of an angle is equal to the side

opposite the angle divided by the side adjacent
BC (x2—2x) x(x—2) x

to the angle; == T Gxt6) ~3(x=2) ~ 3
The sine of one base angle of a right triangle is
equal to the cosine of the other base angle.
Therefore, the sine of angle C is equal to the
cosine of angle A, and the cosine of angle C is
equal to the sine of angle A. Why? If the cosine of
angle Cis f, then the length of side BCis x and the
length of side AC s y. Since the sine of angle A is
equal to the side opposite angle A, side BC,
divided by the hypotenuse, side AC, the sine of

angle A is also f

If the sine of angle A is %, then the length of
side BC is 15 and the length of side AC is 17,
since the sine of an angle is equal to the side
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opposite the angle divided by the hypotenuse.
Use the Pythagorean theorem to find the length
of AB: (AB)? + 152 = 172, (AB)? + 225 = 289,
(AB)?= 64, AB = 8. Since the cosine of an angle
is equal to the side adjacent to the angle divided
by the hypotenuse, the cosine of angle A is equal
to 2 =2
AC 17
The tangent of angle A is equal to 0.75, or %.
Since the tangent of A is the measure of side BC
divided by side AB, the ratio of side BC to side
AB is 3:4. To find the relative length of side AC,
use the Pythagorean theorem: 32 + 42 = (AC)?,
9+ 16 =(AC)% 25 = (AC)% AC = 5. The ratio of
side BC to side AB to side AC is 3:4:5. Since the
length of side AB is 4 less, not 1 less, than the
length of side AC, multiply each number in the
ratio by 4: BC = 3(4) = 12 units, AB = 4(4) = 16
units, and AC = 5(4) = 20 units. If the length of
AB is 16 units and the length of AC is 20 units,
AB s 4 less than AC, and the tangent of angle A
is still 0.75, since }% = 0.75. The length of BCis
12 units.
Since KM = 10 and LM = 5, the cosine of angle
LMK is % = % The cosine of a 60° angle is %, SO
the measure of angle LMK is 60°. Angles LMK
and KIJ are alternating angles, so their measures

are equal. Therefore, angle KIJ is also 60°.
Angles IKJ and LKM are vertical angles; their
measures are equal. Therefore, each angle is
equal to % = 30°. The sine of a 30° angle is %
Since the measure of angle LKM is 30°, the
length of @ divided by the length of KM is
%: % :%,% :%,K_M: 16 units.
The tangent of a 60° angle is V/3; therefore, the
measure of angle JIK is 60°. Angles JIK and
LMK are alternating angles; their measures are
equal. Angle LMK is 60° and its tangent is V3.
Therefore, the measurec of LK, the side oppo-
site angle LMK, is /3 times the length of LM,
the side adjacent to angle LMK.

Angles KMH and KML are supplementary

angles; their measures add to 180°. If the meas-

equal to

ure of angle KML is y and the measure of angle
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KMH is 3y, then 4y = 180, y = 45°. The meas-
ure of angle KML is 45°. Angle JIK is also 45°,
since KML and JIK are alternating angles. Since
JIK is 45° and KJI is 90°, angle IK] is 45° (180 —
(45 4 90) = 45). Therefore, triangle IJK is a 45-
45-90 right triangle. The hypotenuse of a 45-
45-90 right triangle is V2 times the length of
either base: (x\/g)(\/i) =xV12=xV4V3 =
2xV/3 units.

Angles IK] and LKM are vertical angles; their
measures are equal. Since the sine of an angle is
equal to the length of the side opposite the angle
divided by the length of the hypotenuse, the sine
of angle IKJ is equal to % and the sine of angle
LKM is equal to %.Two equal angles have equal

. il M 2x-2 2x+2
sines; 2L = = 6x%—6x—2x+2=

KR 2x+1 - 3x—1>

4%+ 2x 4+ 4x+ 2,652 — 8x + 2 = 4x% + 6x + 2, 2x2
—14x=0,x2—7x=0,x(x=7) =0,x =7 (x can-
not be 0 since the length of a line cannot be neg-
ative—if x were 0, IJ would be —2 units). If x =
7, then the length of IM=2(7)+2=14+2=

16 units.

» Chapter 12
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2. b.

Regular pentagons are equilateral; every side is
equal in length. Therefore, every angle is equal
in size, and every regular pentagon is similar to
every other regular pentagon. However, regular
pentagons are not necessarily congruent. One
regular pentagon could be ten times the size of
another. Heather’s regular pentagons may not be
congruent.

The sum of the exterior angles of any polygon is
360°. Therefore, the sum of the interior angles of
this polygon is (360)(3) = 1,080. The sum of the
interior angles of a polygon is equal to 180(s —
2), where s is the number of sides of the polygon;
1,080 = 180(s — 2), 1,080 = 180s — 360, 1,440 =
180s, 144 = 18s, s = 8. The polygon has 8 sides.
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The sum of the interior angles of a polygon is
equal to 180(s — 2), where s is the number of
sides of the polygon. If x is the number of sides
of the polygon, and the sum of the interior
angles is 60 times that number, then 60x =
180(x —2), 60x = 180x — 360, 120x = 360, x = 3.
Andrea’s polygon has three sides.

. The sum of the exterior angles of any polygon is

360°. The sum of the interior angles of a polygon
is equal to 180(s — 2), where s is the number of
sides of the polygon. If these sums are equal,
then 180(s —2) = 360, 180s — 360 = 360, 180s =
720, and s = 4. The polygon has 4 sides.

The sum of the interior angles of a polygon is
equal to 180(s — 2), where s is the number of
sides of the polygon. Since the number of sides
is three less than x and the sum of the interior
angles is 9x2, 180(x — 3 —2) = 9x?, 180x— 900 =
9x2, 9x2 — 180x + 900 = 0, x> — 20x + 100 = 0,
(x—10)(x—10) =0,x = 10. Therefore, the num-
ber of sides of the polygon is (10)-3=7 51des

. The ratio of AB to FG is 4:1. Therefore, T =

4x+4

= ,4(FG)—4x+4 FG=x+1.

. Although it is known that ABCD and EFGH are

similar, the ratio of their corresponding sides is
not provided, nor is the ratio of their perime-
ters. Therefore, the perimeter of EFGH cannot
be determined.

The number of sides of a polygon determines
the sum of the interior angles of the polygon.
The sum of the interior angles of any octagon is
180(8 — 2) = 180(6) = 1,080°.
octagons are not necessarily similar or congru-
ent, although they could be. The ratio of AB to
ST could be 1:1, but there could also be no ratio
between the sides of ABCDEFGH and STU-
VWXYZ. No one side of ABCDEFGH must
equal one side of STUVWXYZ.

These two

. Since AB and GH are corresponding sides of

similar polygons, the ratio of GH to ABis equal
to the ratio of the perimeter of GHIJKL to the
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perlmeter of ABCDEF; GH:AB = {37 6x = Tx =
g =2:3.

Since ABand TU are corresponding sides of sim-
ilar polygons, the ratio of AB to TU is equal to
the ratio of the perimeter of ABCDE to the
perimeter of TUVWX; AB:TU = Z; > 3, 15x—
3=16x-18,-3 =x—8,x=>5.Therefore, the length
of ABis 5(5) — 1 = 25 — 1 = 24 units. Since
ABCDE is aregular polygon with 5 sides, each of

the 5 sides measures 24 units. Therefore, the
perimeter of ABCDE is (5)(24) = 120 units.
The perimeter of ABCD is equal to the sum of its
sides: 2x + 2x + 2 + 3x + 3x — 2 = 60, 10x = 60,
x = 6. Therefore, the length of BCis 3(6) —

18 — 2 = 16 units.

If x = 8, then the perimeter of the figure is
11(8)
polygon is equal in length. Therefore, the length

—4 =88 — 4 = 84. Every side of a regular

of one side of this seven-sided polygon is % =
12 units.

If the perimeter of a regular pentagon is 75
units, then the length of one side of the penta-
gon is % = 15 units. The ratio of a length of
ABCDEto alength of PQRSTU is 5:6. Therefore,
if x is the length of a side of PQRSTU, then % =
%, 5x =90, and x = 18 units. Since the length of
one side of the regular hexagon is 18, the
perimeter of the hexagon is (6)(18) = 108 units.
The hypotenuse of an isosceles right triangle
is equal to V2 times the length of a base of
the triangle. If the hypotenuse is 5V/2, then the
length of each base is ((57\\//;2)) = 5. Therefore, the

perimeter of the triangleis 5+ 5 +5V2 = 10 +

5V/2 units.

The sum of the interior angles of a polygon is
equal to 180(s — 2), where s is the number of
sides of the polygon; 720 = 180(s — 2), 720 =
180s — 360, 1,080 = 180s, 108 = 18s, s = 6. Since
the polygon is regular, has 6 sides, and the
length of one side is 3x2, the perimeter of the
polygon is 6(3x%) = 18x? units.
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Andrew’s polygon has four sides, so it must be a
quadrilateral. It does not contain a right angle,
so it cannot be a rectangle or a square, since these
quadrilaterals each have four right angles. How-
ever, this polygon could be a parallelogram or a
rhombus, since these are four-sided polygons
that do not necessarily contain a right angle.

. Angles E and H are consecutive angles in

rhombus EFGH. Therefore, their measures are
supplementary: 3x + 5 + 4x = 180, 7x + 5 =
180, 7x = 175, x = 25. The measure of angle H
is 4(25) = 100. Since opposite angles of a
rhombus are congruent and angles H and F are
opposite angles, angle F is also 100°.

. In order to form a square or a rhombus, you

must have four identical line segments. Since
nothing about the angles is stated in the ques-
tion, these four line segments could be con-
nected at right angles to form a square. Since a
square is a type of rectangle and a type of
rhombus, both of which are types of parallelo-
grams, any of these four types of quadrilaterals
could be formed.

Angles DCE and ECB are complementary
angles; these angles combine to form right angle
DCB of the rectangle. These angles are only
equal if ABCD is a square. However, ABCD is a
rectangle, and not all rectangles are squares.
Therefore, it is not always true that angle DCE =
angle ECB.

The diagonals of a rhombus are perpendicular. A
rhombus has four congruent sides, but its diag-
onals are not necessarily congruent, and only the
opposite angles of a rhombus are necessarily
congruent. If a quadrilateral has perpendicular
diagonals, it must have four congruent sides.

. If xis the width of the rectangle, then 2x—4 is the

length of the rectangle. Since opposite sides of a
rectangle are congruent, the perimeter of the
rectangle is equal to 2x —4 + x + 2x—4 + x =
6x— 8.
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Every side of a rhombus is equal in length. One
side of this rhombus is equal to % = 42 units.
Therefore, x> — 6 = 42, x> = 48, x = \V/48 =

V16V3=4V3.

. If the square and the rectangle share a side,

then the width of the rectangle is equal to the
length of the square. If the length of the square
isx,thenx+x+x+x:2,4x=2,x=%.Sir1ce
the width of the rectangle is equal to the length
of the square and the length of the rectangle is
4 times the length of the square, the width of
the rectangle is % and the length is 4(%) =2.
Therefore, the perimeter of the rectangle is
equal to: % +2+ % + 2 =5 units.

Since the rhombus and the square have the same
perimeter and both figures have four congruent
sides, every side of the rhombus and every side
of the square is equal to exactly one-fourth of
the perimeter. Therefore, every side of the
rhombus must be congruent to every side of
the square.

The perimeter of each small square is 8x units;
therefore, the length of a side of each small
square is 84—x = 2x units. Since the new, large
square is comprised of two sides from each of
the four squares (the remaining four sides are
now within the large square), the perimeter of
the new, large square is equal to: 4(2x + 2x) =
4(4x) = 16x units.

The diagonal of a square is the hypotenuse of an
isosceles right triangle, since the 4 angles of a
square are right angles, and the sides of a square
are all congruent to each other. Therefore, the
measure of a side of the square is equal to the
measure of the diagonal divided by V2 : %
= 2x units. Therefore, the perimeter of the
square is equal to 2x + 2x + 2x + 2x = 8x units.
The tangent of angle ACB is equal to the length
of AB divided by the length of BC. Therefore,
if the length of BC is 8 units, then % =8,and
AB = 64. The perimeter of ABCD is equal to
64 + 8 + 64 + 8 = 144 units.
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The diagonal of a square is the hypotenuse of an
isosceles right triangle, since the 4 angles of a
square are right angles, and the sides of a square
are all congruent to each other. Therefore, the
measure of a side of the square is equal to

the measure of the diagonal divided by V/2:
(2x=2)\V2
V2
ter of the square, 5x + 1, is equal to 2x — 2 + 2x

—24+2x-24+2x-2=8x—-8;8x-8=5x+1,
3x =9, x = 3. The length of a side of the square
is equal to 2(3) —2 = 6 — 2 = 4 units.

The cosine of ACD is equal to the length of CD
divided by the length of diagonal AC. Diagonal
AC along with sides AD and DC form a right tri-
angle. Use the Pythagorean theorem to find the
length of AD: (AD)? + 122 = 132, (AD)? + 144
=169, (AD)? =25, AD = 5 units. If the length of
AD is 5 units, then the length of BC is also 5
units. Since the length of CD is 12 units, the
length of AB is also 12 units. The perimeter of
ABCDis 5+ 12 4+ 5 + 12 = 34 units. Notice that
this is only one possible perimeter of ABCD.

= 2x — 2 units. Therefore, the perime-

The cosine could have been given in reduced
form. The length of CD could be 24, and the
length of AC could be 26. However, since the
length of every side of ABCD is an integer, the
only possible perimeters are multiples of 34.
Choice d is the only answer choice that is a mul-
tiple of 34.

The diagonals of a rhombus divide the rhom-
bus into 4 congruent right triangles. Since angle
A measures 120°, angle D also measures 120°
and angles B and C each measure 60°. Each
right triangle is made up of a right angle, a 30°
angle (the angle formed by the diagonal bisect-
ing the 60° angle of the rhombus), and a 60°
angle (the angle formed by the diagonal bisect-
ing the 120° angle of the rhombus). The bases
of each triangle are made up of half the shorter
diagonal (opposite the 30° angle) and half the
longer diagonal (opposite the 60° angle). The
hypotenuse is the side of the rhombus, 10 units.
Since these right triangles are 30-60-90 right
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triangles, the measure of the shorter base is % =
5 units, and the measure of the longer base is
5V/3 units. The longer base is half the length of
the longer diagonal; therefore, the length of the
longer diagonal is 2(5V/3) = 10V/3 units.

» Chapter 14
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If the base the triangle is b, then the height of the
triangle is %b. The area of a triangle is equal to
%bh. Therefore, the area of this triangle is equal
o 3(b(3h)) = 30

The hypotenuse of an isosceles right triangle is

V/2 times the length of a base of the triangle.
V6

V2
= xV 3 units. The length of one base of the

Therefore, a base of this triangle measures

isosceles right triangle is its height, so the area of
the triangle is %(x\/g) (x\/g) =2x2 square units.

3. b. ABCD is a rectangle, which means that angle B is

aright angle, and triangle EBC s a right triangle.
Since AB =30 and AE = EB, then @:%: 15
units. The length of BC can be found using the
Pythagorean theorem: 152 + (BC)? = 172,225 +
(BC)? =289, (BC)? = 64, BC = 8 units. Since AB
= 30 units, DC also equals 30 units, since alter-

nate sides of rectangles are congruent. The base of
triangle DEC'is 30 units and the height of triangle
DEC is 8 units. Therefore, the area of triangle
DEC =2(30)(8) = 3(240) = 120 square units.

. Every side of an equilateral triangle is equal in

length, so the length of one side of this triangle
is % = 12 units. If a line is drawn from the ver-
tex of an angle of the triangle to its opposite
base, this line represents the height of the tri-
angle. This line cuts the triangle into two iden-
tical 30-60-90 right triangles, since this line is
perpendicular to the base, and every angle of
an equilateral triangle is 60°. The length of this
line is equal to the length of the longer base of
a 30-60-90 right triangle, which is V3 times
the length of the shorter base. The shorter




8. d

base is equal to half the length of the

hypotenuse. Since the hypotenuse is 12 units,

the length of the shorter base is 6 units and the

height is 6\/3 units. Therefore, the area of the
. . 1

equilateral triangle is 5( 12)(6\/5) = (6)(6\/3)

=36V3 square units.

. The area of the square is x> square units, since

each side of the square has a length of x units.
Since the height of the triangle is %x and the base
of the triangle is x, the area of the triangle is
equal to: %(x) (%)x = %xz square units. Therefore,
the size of the shaded area is equal to x — 3x% =

2.0 .
3X” square units.

. The area of a rectangle is equal to its length

times its width. Therefore, the width of the rec-
tangle is equal to its area divided by its length:
W; x%2 + 7x + 10 can be factored into
(x+2)(x+5). Cancel the (x + 2) terms from the
numerator and denominator of the fraction.

The width of the rectangle is x + 5 units.

. The area of a square is equal to the length of one

side of the square multiplied by itself. Therefore,
if the length of a side of a square is x, the area of
the square is x2. If the sides of the square are
halved, then the area of the square becomes
(3%)(3x) = 1x2. The area of the new square, 7%,
is one-fourth the area of the old square, x.
The area of a square is equal to the length of
one side of the square multiplied by itself.
Therefore, the length of one side of this square
is equal to the square root of the area: V25=5
units. Since the length of every side of a square
is the same, the perimeter of this square is
(4)(5) = 20 units. Set 3x — 4 equal to 20 and
solve for x: 3x —4 =20,3x=24,x=8.

. If the width of the rectangle is x, then the length

of the rectangle is 3x — 2. Since the area of a rec-
tangle is equal to its length times its width,
(x)(3x—2) =96, 3x* — 2x = 96, 3x* — 2x — 96 =
0, (3x+ 16)(x—6) =0, and x = 6 (disregard the
negative value of x since the width of rectangle
cannot be negative. Since x = 6, the length of the
rectangle is equal to 3(6) -2 =18—-2 =16 cm.

ANSWERS

10. d. Angle ACD is the 30° angle of 30-60-90 right

11.

12.

13.

14.

15.

16.

a.

triangle ACD. The sine of 30°is % Since the sine
of an angle is equal to the side opposite the angle
divided by the hypotenuse,% = % , Z(E ) =20,
AD = 10 units. AD is the side of the right trian-
gle opposite the 30° angle; therefore, it is the
shorter side of the right triangle. DC, the longer
side of the triangle, is V'3 times the length of
AD: 10V/3. Since the area of a rectangle is equal
to its length times its width, the area of ABCD =
(10)(10\/5) =100V3 square units.

The volume of a cylinder is equal to wr*h, where
ris the radius of the cylinder and £ is the height
of the cylinder. Only the values of the radius and
height given in choice a hold true in the formula:
n(3)%(5) =m(9)(5) = 45m in.>.

. The volume of a cylinder is equal to tr?h, where

ris the radius of the cylinder and h is the height
of the cylinder. Since Terri’s glass is only % full,
the height of the water is %(15) =10 cm. There-
fore, the volume of water is equal to: 70(2)%(10)
=407 cm’.

. The volume of a cylinder is equal to tr?h, where

ris the radius of the cylinder and h is the height
of the cylinder. If the volume of cylinder A is
nr?h, then the volume of cylinder B is n(%r)2(3h)
= n(érz)(3h) = Tc%rzh, which is % the volume of
cylinder A.

. The volume of a cylinder is equal to r?h, where

ris the radius of the cylinder and k is the height
of the cylinder. The volume of this cylinder is
equal to w(2x)*(8x + 2) = m4x*(8x + 2) =
(32x3 + 8x?)m.

. The volume of a cylinder is equal to wr*h, where

ris the radius of the cylinder and £ is the height
of the cylinder. Since the height is 4 times the
radius, the volume of this cylinder is equal to
nri(4r) = 256m, 4r° = 256, r° = 64, r = 4. The
radius of the cylinder is 4 cm.

. The volume of a rectangular solid is equal to

Iwh, where [ is the length of the solid, w is the
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width of the solid, and & is the height of the
solid. If x represents the width (and therefore,
the height as well), then the length of the solid
is equal to 2(x + x), or 2(2x) = 4x. Therefore,
(4x)(x)(x) = 108, 4x> = 108, x> = 27, and x = 3.
If the width and height of the solid are each 3
in, then the length of the solid is 2(3 + 3) =
2(6) = 12 in.

One face of a cube is a square. The area of a
square is equal to the length of one side of the
square multiplied by itself. Therefore, the length
of a side of this square (and edge of the cube) is
equal to V9x, or 3V/x units. Since every edge of
a cube is equal in length and the volume of a
cube is equal to e®, where e is the length of an
edge (or Iwh, I is the length of the cube, w is the
width of the cube, and & is the height of the
cube, which in this case, are all 3Vx units), the
volume of the cube is equal to (3\/;)3 =27xVx
cubic units.

The volume of a rectangular solid is equal to
Iwh, where [ is the length of the solid, w is the
width of the solid, and & is the height of the
solid. If [ is the length of solid B and h is the
height of solid B, then the length of solid A is 3/
and the height of solid A is 2. Since the volumes
of the solids are equal, if w, represents the width
of solid A and w, represents the width of solid
B, then (31)(2h)(w)) = (D(h)(w,), 6W, = w,,
which means that W the width of solid B, is
equal to 6 times the width of solid A.

The volume of a cube is equal to the product of
its length, width, and height. Since the length,
width, and height of a cube are identical in meas-
ure, the measure of one edge of Stephanie’s cube
is equal to the cube root of 64x%, which is equal
to 4x2, since (4x%)(4x2)(4x?) = 64x°. The area of
one face of the cube is equal to the product of the
length and width of that face. Since every length
and width of the cube is 4x?, the area of any one
face of the cube is (4x%)(4x2) = 16x4.

The volume of a rectangular solid is equal to
Iwh, where 1 is the length of the solid, w is the
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width of the solid, and & is the height of the
solid. Therefore, (6)(12)(w) = 36, 72w = 36, and

1.
w =7 units.

The surface area of a solid is the sum of the areas
of each side of the solid. A rectangular solid has
6 rectangular faces. Two faces measure 4 units by
5 units, two faces measure 4 units by 6 units, and
two faces measure 5 units by 6 units. Therefore,
the surface area of the solid is equal to 2(4 X 5)
+2(4 X 6) +2(5 X 6) = 2(20) + 2(24) + 2(30) =
40 + 48 + 60 = 148 square units.

The volume of a cube is equal to the product of
its length, width, and height. Since the length,
width, and height of a cube are identical in
measure, the measure of one edge of Danielle’s
cube is equal to the cube root of 512, which is
equal to 8, since (8)(8)(8) =512. The area of one
face of the cube is equal to the product of the
length and width of that face. Since every length
and width of the cube is 8 units, the area of one
face of the cube is (8)(8) = 64 square units. A
cube has six faces, so the total surface area of the
cube is equal to (64)(6) = 384 square units.
The surface area of a solid is the sum of the
areas of each side of the solid. A rectangular
solid has 6 rectangular faces. If w is the width of
the solid, then two faces measure 4 units by 12
units, two faces measure 4 units by w units, and
two faces measures 12 units by w units. There-
fore, the surface area of the solid is equal to 2(4
X 12) +2(4 X w) +2(12 X w) = 96 + 8w + 24w
=96 + 32w. Since the surface area of the solid is
192 cm?, 96 + 32w =192, 32w = 96, w = 3. The
width of the solid is 3 units.

The volume of a cube is equal to the product of
its length, width, and height. Since the length,
width, and height of a cube are identical in
measure, the measure of one edge of the cube is
equal to the cube root of x*, which is equal to x,
since (x)(x)(x) = x°. The area of one face of the
cube is equal to the product of the length and
width of that face. Since every length and width
of the cube is x, the area of any one face of the




25. e.

cube is (x)(x) = x2. A cube has six faces, so the
total surface area of the cube is equal to 6x>
square units. It is given that the surface area of
the square is x* square units. Therefore, 6x* = x°.
Divide both sides by x?, and the value of x is 6.
The surface area of a solid is the sum of the areas
of each side of the solid. A rectangular solid has
6 rectangular faces. If x is the length of the solid,
then 2x is the height of the solid and 4x is the
width of the solid. Two faces of the solid measure
X units by 2x units, two faces measure x units by
4x units, and two faces measures 2x units by 4x
units. Therefore, the surface area of the solid is
equal to 2(x X 2x) + 2(x X 4x) + 2(2x X 4x) =
2(2x2) + 2(4x?) + 2(8x2) = 4x% + 8x% + 16x2
=28x%

» Chapter 15

1.c

2. b.

4. d.

5. d.

The circumference of a circle is equal to 27r,
where r is the radius of the circle. Therefore,
the circumference of this circle is equal to
(2m)(15) = 307 units.

Angles AOC and DOB are vertical angles; their
measures are equal. Therefore, angle DOB is
also 60°. The intercepted arc of a central angle is
equal in measure to the central angle. Arc DB
measures 60°.

. The length of arc CB is equal to the size of cen-

tral angle COB divided by 360, multiplied by the
circumference of the circle. Since the radius of
the circle is 6 units, the circumference of the
circle is 12m; %(127:) = 1—58(127t) =21 units.
The area of a circle is equal to 1tr?; wr? = 196,
2 =196, r = 14. CD is a line from one side of
the circle, through the center of the circle, to
the other side of the circle. It is a diameter, and
the measure of a diameter is twice the measure
of a radius. The measure of line CD is (2)(14) =
28 units.

The area of a circle is equal to tr2. The area of this
circle is T0(8)% = 647 square units. The area of the
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sector is equal to a fraction of that: %(6475) =
%(647:) = %( 16m) = 8—901t square units.

. The area of a sector is equal to the area of the cir-

cle multiplied by the fraction of the circle that
the sector covers. The area of the circle is equal
to m(12%) = 144m. If the area of the sector is
equal to 24w, and the angle of the sector is x,
then 555 (1447) = 24, 5 = 247, 2x = 120, x = 60.
Angle EOD is 60° therefore, sector EOD is the
sector with an area of 24w square units.

. The area of a sector is equal to the area of the cir-

cle multiplied by the fraction of the circle that
the sector covers. The area of the circle is equal
to 7w(15%) = 225m. Since the angle of the sector is
40°, (225T) = 5(225M) = 257 square units.
The length of an arc is equal to the circumfer-
ence of the circle multiplied by the fraction of
the circle that the arc covers. The circumference
of the circle is equal to (21)(27) = 547 units.
The central angle of arc AE is 80°, which means
that the length of the arc is % of the circum-
ference of the circle: %(5470 = %(5411:) =
127 units.

. The length of an arc is equal to the circumfer-

ence of the circle multiplied by the fraction of
the circle that the arc covers. The circumference
of the circle is equal to (27)(9) = 187 units. The
central angle of arc DB is 40°, which means that
the length of the arc is % of the circumference
of the circle: %(18%) = %(18%) = 2T units.
The area of a circle is equal to 7r%, where r is
the radius of the circle. Therefore, the area of
Jasmin’s circle is equal to (9x?)? = (81x*)w
square units.

The circumference of a circle is 2mr, where r is
the radius of the circle. If the circumference of
a circle triples, that means the radius of the cir-
cle has tripled. The area of the circle has gone
from 772 to 7 (3r)%> = w9r2. The area of the circle
is now 9 times bigger.

The area of a circle is equal to 7tr?, where ris the
radius of the circle. Therefore, the radius of this
circle is equal to the square root of 121x, or
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11Vx units. The circumference of a circle is
equal to 27, so the circumference of this circle
is equal to 2m(1 1\/;) = (22\/;)7'c units.
The radius of a circle is equal to half the diam-
eter of a circle. The radius of this circle is equal
(8x +6)
o
to mr2, where ris the radius of the circle. There-

= 4x + 3. The area of a circle is equal

fore, the area of this circle is equal to 7w(4x + 3)?
=m(16x* + 12x + 12x + 9) = (16x% + 24x + 9
square units.

The circumference of a circle is equal to 2mr.
Since the radius of a circle is half the diameter
of a circle, 2r is equal to the diameter, d, of a
circle. Therefore, the circumference of a circle
is equal to md. If the diameter is doubled, the
circumference becomes m2d, or two times its
original size.

The area of a circle is equal to 7wr?, where r is the
radius of the circle. Therefore, T(2x — 7)? =
(16x + 9)T, 4% — 14x — 14x + 49 = 16x + 9, 42
—44x+40=0,x>—11x+10=0, (x—1)(x— 10)
=0, x = 10. x cannot be equal to 1, since that
would make the radius equal to -5, and a radius
cannot have a negative length.

The area of a circle is equal to 7tr?, where ris the
radius of the circle. Therefore, the radius of
this circle is equal to the square root of (4x> +
20x + 25). Factor this trinomial into 2 identical
factors; (2x)(2x) = 4x2, (5)(5) = 25, and (2x)(5)
+ (2x)(5) = 20x. Therefore, (4x> + 20x + 25) =
(2x + 5)(2x + 5), and the square root of (4x* +
20x + 25) is 2x + 5. The diameter of a circle is
twice its radius, so the diameter of this circle
is 2(2x + 5) = 4x + 10.

The area of a circle is equal to 7tr?, where ris the
radius of the circle. Therefore, the area of this
circle is Ttx%. The area of a sector is equal to the
area of the circle multiplied by the fraction of
the circle that the sector covers. That fraction is
equal to 5.5, so the area of the sector is equal to
365 (Tx?) = (%)Tt square units.
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The length of an arc is equal to the circumfer-
ence of the circle multiplied by the fraction of
the circle that the arc covers. Therefore, if c is
the circumference of the circle, then xmt = %c.
Multiply both sides of the equation by %, or
20, to isolate c: (%)x’m = (%) %c, ¢ =20xm
square units.

Angles COB and COA form a line; they are sup-
plementary angles. Therefore, the measure of
angle COA is equal to 180 — 3x. Since angle COA
is a central angle and CA is its intercepted arc,
the measure of CA is also 180 — 3x.

The area of a circle is equal to 7tr?, where ris the
radius of the circle. Therefore, the radius of this
circle is V12 cm or 2V/3 cm. The circumference
of a circle is 27tr, so the circumference of this cir-
cleis 2n(2\/§) = 4\V/31 cm. A diameter divides
a circle into two 180° arcs. Therefore, the meas-
ure of arc AB is 180°. The length of the arc is
equal to %(4\/570 = %(4\/575) =2V3m cm.
The circumference of a circle is 2mr, where r is
the radius of the circle, so the radius of this cir-
cle is 126775 = 8 cm. The area of a circle is equal to
72, so the area of this circle is (8)%1 = 641 cm?.
The area of a sector is equal to the area of the cir-
cle multiplied by the fraction of the circle that
the sector covers. That fraction is equal to %,
so the area of the sector is equal to %(6475) =
3 (641) = §'m em?.

If angles D and B are 70°, then angle DOB is
equal to 180 — (70 + 70) = 180 — 140 = 40°,
since there are 180° in a triangle. Angles DOB
and AOC are vertical angles; their measures are
equal. Since angle AOC is also 40° and the
measure of an intercepted arc of a central angle
is equal to the measure of the central angle, arc
AC also measures 40°.

The measure of central angle DOB is 60°, since
the measure of its intercepted arc, EF, is 60°.
There are 180° in a triangle, which means that
the sum of angles D and B is 180 — 60 = 120.
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Since these angles are equal, each angle measures
% = 60°. Since every angle in the triangle meas-
ures 60°, DOB is an equilateral triangle. The
radius of the circle is 6x. OF is a radius of the cir-
cle,and it is equal in length to FB. Therefore, the
length of side OB of triangle DOB is 2(6x) = 12x.
Since this is an equilateral triangle, all three sides
of the triangle measure 12x. The perimeter of
the triangle is 12x + 12x + 12x = 36x.

The area of a square is equal to the length of one
of its sides squared. Therefore, the area of the
square is x? ft.2. The diameter of the circle is equal
to the length of a side of the square, x, which
means that the radius of the circle is equal to
%x ft. The area of a circle is equal to 7%, where r
is the radius of the circle. The area of this circle is
equal to (%x) = (%)Tt ft.2. The shaded area is the
difference between the area of the square and the
area of the circle: x* — (%)TC = x2—pmft.2,

If the area of the circle is 25® cm?, then the
radius of the circle is 5 cm, since the area of a
circle is equal to Ttr%, where r is the radius of the
circle. If the radius of the circle is 5 cm, then the
diameter of the circle, and the length of a side of
the square, is 2(5) = 10 cm. The diagonal of a
square is V2 times the length of one of its
sides. Therefore, the length of diagonal AD is
10V2 cm.

If the area of the circle is 8x2m, then the radius of
the circle is 2x\/§, since the area of a circle is
equal to 7r?, where r is the radius of the circle.
If the radius of the circle is 2x\/5, then the
diameter of the circle, and the length of a side of
the square, is 2(2xV/2) = 4x\V/2. The area of a
square is equal to the length of one of its sides
squared. Therefore, the area of this square is
equal to (4x\/2)? = 3242. The shaded area is
equal to the area of the square minus half the
B _ 3032~ 4xm.

If the area of the square is 144 square units, then
the area of one side of the square is V144 =12

area of the circle: 32x% —
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units. Since a side of the square is equal to the
diameter of the circle, the diameter is 12 units
and the radius of the circle is 6 units. The area of
the circle is 6’1 = 36T square units. The total
area of the figure is equal to the area of the square
plus half the area of the circle (since the other
half of the circle is within the area of the square):
144 + (%Tn) = 144 + 18m square units.

The length of AB is equal to the length of 4 radii
of the center circle. Therefore, the radius of the
center circle is . Since the area of a circle is
equal to mr?, where r is the radius of the circle,
the area of the circle is equal to Tc(%)2 = (xfig)
square units.

If the area of one semicircle is 4.57 square units,
then the area of a whole circle is 2(4.57) = 91t
square units. Since the area of a circle is equal to
1tr2, where 7 is the radius of the circle, the radius
of the circle is equal to /9 = 3 units. Since the
length of BC is the length of 2 radii, the length
of BCis 2(3) = 6 units. The length of AB is the
length of 4 radii, or 4(3) = 12 units. The area of
a rectangle is Iw, where [ is the length of the rec-
tangle and w is the width of the rectangle. The
area of this rectangle is (12)(6) = 72 square units.
The area of the circle is equal to 16w square
units, since the area of a circle is equal to 172,
where r is the radius of the circle. The length of
ABis equal to the length of four radii of the cir-
cle placed end to end. Therefore, the length of
AB is 4(4) = 16 units. Since BC is the length of
two radii, its length is 2(4) = 8 units. The area of
arectangle is Iw, where [ is the length of the rec-
tangle and w is the width of the rectangle. The
area of this rectangle is (16)(8) = 128 square
units. There is one whole circle and two half
circles within the rectangle—a total of 2 circles.
Subtract the area of the circles from the area of
the rectangle to find the size of the shaded area:
128 —2(16m) = 128 — 321 square units.




ANSWERS

» Chapter 16 10. a.

1. b. The slope of a line is the difference between the
y values of two points divided by the difference
between the x values of those two points: %

-2 1
=3 =—5 11.c

2. c. Thesslope of a line is the difference between the
y values of two points divided by the difference

between the x values of those two points:
-5-(5 _ 0 _
55 —-—10=-0.

3. d. The slope of a line is the difference between the

y values of two points divided by the difference

between the x values of those two points:  12.e.
10-2 8
-y —2=4%

4, a. The coordinates of point A are (-5,1) and the
coordinates of point B are (5,—4). The slope of

a line is the difference between the y values of

two points divided by the difference between
4-1 _ -5

the x values of those two points: 5——y = 75
1

=1 13.d.

5. d. The coordinates of point C are (2,8) and the
coordinates of point D are (—1,-7). The slope of
a line is the difference between the y values of
two points divided by the difference between
the x values of those two points: % = ﬁ =5.

6. b. The midpoint of a line segment is equal to the

average of the x values of the endpoints and the ~ 14. d.

average of the y values of the endpoints:
(LB 840y =8 8

> o 2 )= (32) = (44).
7. c. The midpoint of a line segment is equal to the
average of the x values of the endpoints and the

average of the y values of the endpoints:

6 15 —4 8 21 4
(52755 = (53) = (10.5,2).

8. a. The mldpomt of aline is equal to the average of

the x values of the endpoints and the average
0+0 —4 +4

of the y values of the endpoints: (—
(2)2) =(0,0).

9. d. The coordinates of point A are (—5,—4) and the
coordinates of point B are (9,2). The midpoint
of aline is equal to the average of the x values of
the endpoints and the average of the y values of

the endpoints: ( 5+9 4;2)— %> 5 =(2,-1).

)= 15.d.

The coordinates of point C are (-3,6) and the
coordinates of point D are (5,—6). The midpoint
of aline is equal to the average of the x values of
the endpoints and the average of the y values of
3+5 6+( 6)) _ (2,2) _ (1 0).

To find the dlstance between two points, use

the endpoints: (——

the distance formula:
D=V ((x,~x)*+ (r,~ )%
D=V((2-(-6))*+(17-2)?)
D=V (8 +(15)?)
=V (64 + 225)
=1/289 = 17 units

To find the distance between two points, use

the distance formula:
D=V((x,—x)*+ (7,~ )%
D=V((4-0)*+ (4-(-4))?)
D=V (4% +8?)
D=V/(16 + 64)
D=V80=V16V5 = 4V5 units

To find the distance between two points, use

the distance formula:
D=V((x,~x)*+ (,~ )%
D=V((7-3)*+((-6)-8)?)
D=V (4> + (-14)?)
=V/(16 + 196)
=V212 = V4V/53 = 2V/53 units
The coordinates of point A are (-5,~4) and the
coordinates of point B are (9,2). To find the
distance between two points, use the distance

formula:

D=V ((x,—x)*+ (y,-y)?)

D=V((9-(-5))>+ (2~ (-4))?)

D=V (14* + (6)?)

D=V/(196 + 36)

=232 = V4V/58 = 2V/58 units

The coordinates of point C are (-3,6) and
the coordinates of point D are (5,-6). To find the
distance between two points, use the distance

formula:
D= \/((x2 —x)*+ (r,—y)?)
D=V((5-(-3))2+((-6) - 6))
D=V (8 +(-12)?)
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D=V (64 + 144)
=V208=V16V13 =4V 13 units

Divide both sides of the equation by 5 to put the
equation in slope-intercept form (y = mx + b);
5y = =3x + 6 is equivalent to y = —%x + %. The
slope of this line is the coefficient of x, —%.
Parallel lines have identical slopes. When an
equation is written in slope-intercept form (y =
mx + b), the slope of the line is m. The slope of
the line y = —2x + 4 is —2. Only choice a is a line
with a slope of -2.
The slopes of perpendicular lines are negative
reciprocals of each other. When an equation is
written in slope-intercept form (y = mx + b), the
slope of the line is 7. The slope of the line y =
—%x +81is —%. The negative reciprocal of —% is 6.
Only choice e is a line with a slope of 6.
Divide both sides of the equation by 4 to put
the given equation in slope-intercept form (y =
mx + b); 4y = 6x — 6 is equivalent to y = %x - %
The slope of this line is the coefficient of x, %
Parallel lines have identical slopes. Only choice
d is a line with a slope of %
Divide both sides of the given equation by -2 to
put the equation in slope-intercept form (y = mx
+ b); 2y = —-8x + 10 is equivalent to y = 4x — 5.
The slope of this line is the coefficient of x, 4. The
slopes of perpendicular lines are negative recip-
rocals of each other. The negative reciprocal of 4
is —i. Only choice b is a line with a slope of —i.
To find the distance between two points, use
the distance formula:

D=V((x,—x)*+ (7,~ )%

D=V((x= (%) + ((-9)-»)?

D=V ((2x)* + (=2y)*)

D=V (4x* + 49%)

D=V4(x*+y?)

D=2V (x*+?)

The slopes of perpendicular lines are negative

reciprocals of each other. The slope of the other
hne is — The equation of the other line is y =

—gx + b, where b is the y-intercept of the line.

ANSWERS

23. c.

24. a.

25. d.

Use the point (1,5) to find the y-intercept; 5 =
—%(1) +b,b= 13—6. Therefore, the equation of the
lineis y = —é + 1*36.

The midpoint of a line is equal to the average of
the x values of the endpoints and the average of
the y values of the endpoints: (M,
Y- 4+3y+6) _ (12x+2 4y+2) _ (6x+ 1 2)’+ 1)

The slopes of perpendicular lines are negative

reciprocals of each other. Therefore, if the slope
of one line is m, the slope of the other line is —%.
The product of these slopes is (m)(—%) =—

The slopes of perpendicular lines are negative
reciprocals of each other. Therefore, if the slope
.- 1f the
slope of line A is multiplied by 4, it becomes 4m.

of line A is m, the slope of line B is —

The negative reciprocal of 4m is —,,;. To change

the original slope of line B to th1s new slope,

>ma

— 4m, you must multiply by e

> Posttest

1.e.

3.b.

Factor the numerator and denominator; (x* +
4x—12) = (x—2)(x + 6) and (x* — 8x + 12) =
(x —2)(x—6). The term (x — 2) is common to
the numerator and denominator, so it can be

x+6
x—6"

« ¢. The length of an arc is equal to the circumfer-

ence of the circle, 2nr, multiplied by the meas-
ure of the angle formed by the two radii that
intercept the arc, divided by 360: 27t(25) (%) =
50m(s) = 10m.

Graph the line y = 1. The graph of this line
crosses the graphed equation in 8 places. There-
fore, there are at least 8 different values for which
the function, f(x), is equal to 1. The function
could contain more than 8 values for which f(x)
= 1 if more of the coordinate plane was visible.
Since the graphed equation passes the vertical
line test, it is a function. The function extends
beyond the line x = 4; therefore, there are values
greater than 4 in the domain of the function.




4. b.

5. d.

8. d

9. d.

There are many y values between —2 and 1, as the
range of the function shown extends from -3
to 4. The graphed equation crosses the y-axis at
only one point, (0,3), so the equation has only
one y-intercept.

To find the midpoint of the line segment, find
the average of the x-coordinates and the average
of the y-coordinates of the endpoints of the line
segment: (_71;173) = % = 6; (472172) = 176 =8.The
midpoint of the line is (6,8).

If the numerator of a fraction is doubled, the
denominator of the fraction must be doubled in

order for the value of the fraction to remain the
2x
= 2_)/2.
(2y)z or (2z)y. Either the value of y is doubled,
or the value of zis doubled. Notice that both val-

ues are not doubled. If that were the case, the

X .
same; -, The denominator, 2yz, represents

denominator would be equal to (2y)(2z) = 4yz,
and the value of the fraction would be halved.

. When multiplying like bases, keep the base and

add the exponents: Since 1 + (-2) + 3=2,a'a%a>
=a% Since-1 +2+ (-3) =2, 70?3 = b%
(@) (b2) = .

. Cross multiply: (a + 5)(a—2) = (3)(4a),a* + 3a

—10=12a,a’>-9a~-10 = 0. Factor this quadratic
and solvefora: (a+1)(a—10)=0,a+1=0,a=
-1;a-10=0,a=10.

Plug each answer choice into the inequality;
4(6)+6>3(4)+ 15,24+ 6> 12+ 15,30 > 27.
Since the inequality 30 > 27 is true, choice d
is correct.

The area of a circle is equal to 7wr?, where r is the
radius of the circle. Since the radius of this cir-
cle is r, the area of this circle is wr2. The area of
a square is equal to the length of one side
squared. The length of a side of the square is
equal to the diameter of the circle, which is 2r.
Therefore, the area of the square is equal to
(27)(2r) = 472. The difference between the area
of the square and the area of the circle is 4r* —
nur?. This area represents the area between the
circle and the square. Since only one of these

ANSWERS

10. d.

11. e

12. c.

13. a.

four regions is shaded, divide the difference of
the areas by 4: @ =r- nTrz’

Angles a, b, and c form a line and angles d, e, and
fare the angles of a triangle. Since there are 180° in
aline and 180° in a triangle, the sum of g, b, and
cand the sum of d, ¢, and fare both 180°. Since a
+b+c=180,a+ c=180—b. Angles b and e are
vertical angles, so their measures are equal.
Therefore,a + c= 180 —e. Also, sincea+ b+ c=
180and b=¢,a+ e+ c=180.And,sinced + e+ f
=180,a+b+c+d+e+f=360. However, b + ¢
is not equal to e + f. Although b = ¢, ¢ is not
equal to f; a = fand ¢ = d, since those are pairs of
alternating angles.

First, rewrite the equation in slope-intercept
form (y=mx+b);4y +3x=12,4y=-3x+ 12,
y= —%x + 3. The slopes of perpendicular lines
are negative reciprocals of each other. There-
fore, the slope of a line perpendicular to y =
—%x +3is %x, since % is the negative reciprocal
of —%. The only line given that has a slope of %
is choice e.

First, express the area of the original circle in
terms of g. The circumference of a circle is equal
to 21r, where r is the radius of the circle. There-
fore, g = 2mr. The radius in terms of g is equal to
3. The area of a circle is equal to 7tr2. Replace
with _ng The area of the circle is equal to: Tc(—ng;)2
= f%. Since the area is tripled, the new area of the
circle is equal to 3 times this quantity: %%2.

To find the turning point of a parabola, find
the value that makes the x term of the equation
equal to 0. Then, use that value of x to find the
value of y. The x term of y = (x—2)?— 2 will be
0 when x = 2, since (2 — 2)? = 0. The y-coordi-
nate of that point is equal to (2 -2)? -2 =-2,
making the coordinates of the turning point
(2,-2). Since the turning point of y = x? is
(0,0), the turning point of the graph of y =
(x — 2)? — 2 (and therefore, the entire graph)
has been shifted 2 units right and 2 units
down, relative to the graph of y = x2.




14. c.

15. b.

16.

17.

18.

19. 210

If the tangent of an angle in a right triangle is 1, that
means the lengths of the bases of the triangle
are equal, since the tangent is equal to the length
of the opposite base divided by the length of
the adjacent base. Therefore, triangle ABC is
an isosceles right triangle. The hypotenuse of an
isosceles right triangle is equal to V2 times the
length of one of the bases. Since the length of each
base is 10 units, the length of AC is 10V/2 units.
Divide each term in the numerator by 3x2.
Divide the coefficient of each term by 3, and
subtract 2 from the exponent of each x term.
132;4 = 4x?, 23%3 = 7x, _337;22 = —1. Therefore,
120203 = 42 4 T — 1.

6  The area of a sector of a circle is equal to

the area of a circle, Ttr?, multiplied by the
angle formed by the two radii of the sector
divided by 360. Therefore, 87 = (%)nrz,
(2)(8m) = 12,36 =1 r=6.

8  The area of a triangle is equal to -lz-bh,
where b is the base of the triangle and / is
the height. If each side of ABC is three
times the length of its corresponding side
of DEF, then the area of ABC, relative to
DEF,is %(3b)(3h) = %bh, or nine times the
size of the area of DEF (%bh). Therefore,
the area of DEF is equal to one-ninth of
the area of ABC: % = 8 square units.

16  First, take the cube (third) root of both

sides of the given equation. The cube root

of a*= a* and the cube root of 512 is equal
to 8. Since a2 = 8, square both sides of the

equation to find the value of a: a»@ = 82,

a = 64. Now, substitute the value of a into

the second expression; aéz 64%. The cube

root of 64 is 4, since (4)(4)(4) = 64. The
square of 4 is 16; therefore, 64% =16.

The area of a rectangle is equal to its length

multiplied by its width. Therefore, if the

length of the court is 80 and the area of the
court is 2,000, then the width of the court

ANSWERS

20.

21.

22.

23.

32

10.5

14

is equal to: % = 25 ft. The perimeter of

arectangle is equal to twice its length plus
twice its width. Therefore, the perimeter of
the court is equal to: (2)(80) + (2)(25) =
160 + 50 =210 ft.

First, find the volume of one book. The
volume of a rectangular prism is equal to
Iwh, where [ is the length of the prism, w is
the width, and / is the height. The vol-
ume of one book is equal to: (8)(5)(1) =
40 cubic inches. The volume of the box is
equal to (16)(10)(8) = 1,280 cubic inches.
Divide the volume of the box by the vol-
ume of one book to find how many books

. 1,2
can fit in the box: TSO =32.

—_4)2 . —
Substitute —4 for x:' 4)sti( 4 IZ - 4112 =
12-1.5=10.5.

If a radius is drawn to the point where a

tangent touches a circle, a right angle is
formed. Since angle AOB is a central
angle, its measure is equal to the measure
of its intercepted arc. Therefore, the
measure of angle AOB is 60°. Radius AO,
secant EO, and segment EA of tangent
CD form a right triangle. The cosine of
angle O is equal to the adjacent side, AO,
divided by the hypotenuse, EO. Since the
cosine of 60° = %, % = % , (%)ﬁ =7,EO
= 14. Alternatively, you can recognize
right triangle EAO is a 30-60-90 right tri-
angle. Since AO is opposite the 30° angle
of the triangle, it is the shorter base of the
triangle. The hypotenuse of a 30-60-90
right triangle is twice the length of the
shorter base, so the length of EO is equal
to (2)(7) = 14.

Use the first equation to write a in terms of
b:-3a—-9b=-6,-3a=9b—-6,a=-3b+ 2.
Substitute this value for a in the second
equation: 5(-3b +2) + 6b=-8,-15b + 10
+6b=-8,-9b=-18,b=2.




24,

384 Each term is twice the previous term.

Therefore, the fifth term in the pattern is
(48)(2) = 96, the sixth term is (96)(2) =
192, and the seventh term is (192)(2) =
384. Alternatively, each term is equal to 6
times a power of 2. The first term is
equal to (6)(2°) = 6, the second term
is equal to 6(2!) = 12. The exponent of
2 is equal to one less than the position of
the term in the sequence. Therefore, the

ANSWERS

25,

seventh term is equal to (6)(27 ~!) =
(6)(2°) = (6)(64) = 384.

The expression is undefined when the
denominator is equal to 0. Factor the
denominator to find the values of x that
make the denominator equal to O;
(*+6x-27)=(x+9)(x-3);x+9=0,x
=-9;x—3 =0, x = 3. The positive value of
x that makes the expression undefined is 3.




NOTES
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