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Preface

This book is designed to prepare you for the New York State Geometry Common Core Regents and is aligned to the Common Core Geometry Learning Standards. The key features you will find in this book are:


	
Test-Taking Tips Advice and test-day strategies are provided to help you earn as many points as possible on the exam.



	
Brief Review of Geometry Concepts A concise summary of the theorems, formulas, and math skills needed for success on the Regents exam is provided. Much of the information is presented in bulleted or table form to make it easy for you to use as a refresher and study aid. This summary is intended to supplement the more thorough presentation of high school geometry found in the Barron’s Lets Review: Geometry book. 



	
Glossary A full glossary is found at the end of the Brief Review section. Be sure to look up any word that you are unfamiliar with as you work through the practice problems. Geometry is a vocabulary-intensive subject.



	
Actual Regents Exams and Step-by-Step
Solutions with Explanations Each of the problems in this book has a detailed solution. All steps in the solution are shown, along with an explanation of the relevant geometry theorems and concepts applied. Solutions to many of the multi-step problems begin with a summary of the big-picture strategy to be used in that problem. These solutions are an excellent way to strengthen your geometry knowledge. Understanding why particular strategies and concepts were chosen will make you a much more effective problem solver when you come across similar problems. Note that solving linear equations is an algebraic tool that is used frequently in Regents problems. It is expected that you have mastered that skill, and not all steps in solving linear equations are explicitly explained. For example, if you have the equation 2x + 4 = 12, then the next line of the solution may read 2x = 8. It is assumed that you understand that we subtracted 4 from each side in order to separate the variable from the constants in the equation.



	
Self-Analysis Charts There is a self-analysis chart at the end of each Regents exam. The chart lists the main topic areas and shows which questions fall into which category. Use the chart to record how many points were earned on that practice exam, broken down by each topic area. You can then target areas of weakness for follow-up study and practice. You can also use the charts to find problems covering similar topics on other Regents exams in this book.










        
            About the Exam

        

        Test Layout and Standards

        The common core geometry Regents is a 3-hour exam and consists of four parts:

        
            
                
                    
                        	
                            Part

                        
                        	
                            Number of Questions

                        
                        	
                            Type of Question

                        
                        	
                            Points per Question

                        
                        	
                            Total Number of Points

                        
                    

                
                
                    
                        	
                            I

                        
                        	
                            24

                        
                        	
                            Multiple-choice

                        
                        	
                            2

                        
                        	
                            48

                        
                    

                    
                        	
                            II

                        
                        	
                            7

                        
                        	
                            Constructed-response

                        
                        	
                            2

                        
                        	
                            14

                        
                    

                    
                        	
                            III

                        
                        	
                            3

                        
                        	
                            Constructed-response

                        
                        	
                            4

                        
                        	
                            12

                        
                    

                    
                        	
                            IV

                        
                        	
                            2

                        
                        	
                            Constructed-response

                        
                        	
                            6

                        
                        	
                            12

                        
                    

                    
                        	
                            Total

                        
                        	
                            36

                        
                        	
                            —

                        
                        	
                            — 

                        
                        	
                            86

                        
                    

                
            

        

        Part I consists of 24 multiple-choice questions worth 2 points each. Part II consists of 7 constructed-response questions worth 2 points each, and part III consists of 3 constructed-response questions worth 4 points each. Part IV consists of 2 constructed-response questions worth 6 points each. One part IV question will either involve a multiple-step proof or ask you to develop an extended logical argument. The second question will require you to use modeling to solve a real-world problem. 

        The complete set of Geometry Common Core Learning Standards are listed in the Appendix. They are grouped in domains, and each domain accounts for a specified percentage of the total points on the exam, shown in the accompanying table. Note that some domains account for a far greater percentage of points than others. The domains are further divided into clusters with different levels of emphasis on the exam—major, supporting, and additional.

        
            
                
                    
                        	
                            Domain

                        
                        	
                            Cluster

                        
                        	
                            Emphasis

                        
                        	
                            Standard1

                        
                    

                
                
                    
                        	
                            Congruence (27–34%)

                        
                        	
                            Experiment with transformations in the plane

                        
                        	
                            Supporting

                        
                        	
                            C-CO.1

                                through

                                G-CO.5

                        
                    

                    
                        	
                            Understand congruence in terms of rigid motions

                                Prove geometric theorems

                        
                        	
                            Major

                        
                        	
                            G-CO.6

                                through

                                G-CO.11

                        
                    

                    
                        	
                            Make geometric constructions

                        
                        	
                            Supporting

                        
                        	
                            G-CO.12

                                G-CO.13

                        
                    

                    
                        	
                            Similarity and right triangle trigonometry (29–37%)

                        
                        	
                            Understand similarity in terms of similarity transformations

                        
                        	
                            Major

                        
                        	
                            G-SRT.1

                                G-SRT.2

                                G-SRT.3

                        
                    

                    
                        	
                            Prove theorems involving similarity

                        
                        	
                            Major

                        
                        	
                            G-SRT.4

                                G-SRT.5

                        
                    

                    
                        	
                            Define trigonometric ratios and solve problems involving right triangles

                        
                        	
                            Major

                        
                        	
                            G-SRT.6

                                G-SRT.7

                                G-SRT.8

                        
                    

                    
                        	
                            Circles (2–8%)

                        
                        	
                            Understand and apply theorems about circles

                        
                        	
                            Additional

                        
                        	
                            G-C.1

                                G-C.2

                                G-C.3

                        
                    

                    
                        	
                            Find arc lengths and areas of sectors of circles

                        
                        	
                            Additional

                        
                        	
                            G-C.5

                        
                    

                    
                        	
                            Expressing geometric properties with equations (12–18%)

                        
                        	
                            Translate between the geometric description and the equation for a conic section

                        
                        	
                            Additional

                        
                        	
                            G.GPE-1

                        
                    

                    
                        	
                            Use coordinates to prove simple geometric theorems algebraically

                        
                        	
                            Major

                        
                        	
                            G-PE.4

                                through

                                G-PE.7

                        
                    

                    
                        	
                            Geometric measurements and dimensions (2–8%)

                        
                        	
                            Explain volume formulas and use them to solve problems

                        
                        	
                            Additional

                        
                        	
                            G-GMD.1

                                G-GMD.3

                        
                    

                    
                        	
                            Visualize relationships between 2D and 3D objects

                        
                        	
                            Additional

                        
                        	
                            G-GMD.4

                        
                    

                    
                        	
                            Modeling with geometry (8–15%)

                        
                        	
                            Apply geometric concepts in modeling situations

                        
                        	
                            Major

                        
                        	
                            G-MG.1

                                G-MG.2

                                G-MG.3

                        
                    

                
            

        

        Frequency of Topics

        The actual distribution of questions in the last few Regents exams is shown in the following table.

        
            
                
                    
                        
                            	
                                Topic

                            
                            	
                                June 2015

                            
                            	
                                August 2015

                            
                            	
                                June 2016

                            
                            	
                                August 2016

                            
                            	
                                June 2017

                            
                            	
                                August 2017

                            
                        

                    
                    
                        
                            	
                                
                                    	
                                        1.    Angle and Segment Relationships  (define geometric terms and figures, vertical angles, complementary angles, supplementary angles, bisectors and midpoints, parallel and perpendicular lines, proofs of angle and segment relationships)

                                    

                                

                            
                            	
                                17, 32

                            
                            	
                                 

                            
                            	
                                 

                            
                            	
                                1, 11

                            
                            	
                                 

                            
                            	
                                 

                            
                        

                        
                            	
                                
                                    	
                                        2.   Angle and Segment Relationships in Triangles and Polygons (angle sum theorem, exterior angle theorem, isosceles triangle theorem, equilateral triangles, interior and exterior angles of polygons, midsegments, centroids, central angles, proofs of triangle and polygon theorems)

                                    

                                

                            
                            	
                                34

                            
                            	
                                8, 11

                            
                            	
                                9, 13

                            
                            	
                                4, 8

                            
                            	
                                10, 17

                            
                            	
                                11, 16

                            
                        

                        
                            	
                                
                                    	
                                        3. Constructions (copy a segment, copy an angle; bisect a segment, bisect an angle; perpendicular bisector, perpendicular lines, parallel lines, equilateral triangle, square, regular hexagon, circle inscribed in a triangle, circle circumscribed about a triangle)

                                    

                                

                            
                            	
                                25

                            
                            	
                                26

                            
                            	
                                31

                            
                            	
                                28, 32

                            
                            	
                                2

                            
                            	
                                28

                            
                        

                        
                            	
                                
                                    	
                                        4. Transformations (definitions and properties of the rigid motions and dilations, preserved properties, compositions of transformations, mapping a figure onto itself with rotations)

                                    

                                

                            
                            	
                                2, 4, 10, 16, 33

                            
                            	
                                6, 7, 13, 20, 34

                            
                            	
                                4, 8, 16, 25, 34

                            
                            	
                                2, 9, 27, 29

                            
                            	
                                1, 6, 7, 14, 22, 30, 31, 32

                            
                            	
                                2, 6, 22, 27

                            
                        

                        
                            	
                                
                                    	
                                        5.  Transformations on the Coordinate Plane (transformations of lines, transformation of points and figures)

                                    

                                

                            
                            	
                                18, 22

                            
                            	
                                5, 23, 24

                            
                            	
                                3, 6, 12, 14, 22, 23, 26

                            
                            	
                                5, 26, 33a

                            
                            	
                                 

                            
                            	
                                 

                            
                        

                        
                            	
                                
                                    	
                                        6. Triangle Congruence (SAS, SSS, ASA, AAS, HL criteria; proofs involving triangle congruence; explain the congruence criteria in terms of rigid motions; prove congruence using rigid motions)

                                    

                                

                            
                            	
                                24, 30

                            
                            	
                                2, 30, 34

                            
                            	
                                7, 35

                            
                            	
                                 

                            
                            	
                                9, 33

                            
                            	
                                30, 35

                            
                        

                        
                            	
                                
                                    	
                                        7.  Lines and Segments on the Coordinate Plane (slope, distance, midpoint, dividing a segment in a specified ratio, equations of lines, determine if a point lies on curve given its equation, area, and perimeter)

                                    

                                

                            
                            	
                                3, 9, 27

                            
                            	
                                10, 31

                            
                            	
                                3, 6, 12, 14, 22, 23, 26

                            
                            	
                                14, 15, 16, 18, 21, 30

                            
                            	
                                2, 12, 15, 19

                            
                            	
                                3, 10, 17, 24, 29, 31

                            
                        

                        
                            	
                                
                                    	
                                        8.  Circles on the Coordinate Plane (equations and graphs of circles, use completing the square to identify the center and radius of a circle)

                                    

                                

                            
                            	
                                14

                            
                            	
                                9

                            
                            	
                                3, 6, 12, 14, 22, 23, 26

                            
                            	
                                 

                            
                            	
                                2, 12, 15, 19

                            
                            	
                                3, 10, 17, 24, 29, 31

                            
                        

                        
                            	
                                
                                    	
                                        9.  Similarity (proportional corresponding parts, similar triangle proofs, scaled drawings, perimeter and area of similar figures, proportions in right triangles, prove the Pythagorean theorem)

                                    

                                

                            
                            	
                                11, 15, 21, 31, 34

                            
                            	
                                12, 14, 17, 19, 27, 29

                            
                            	
                                2, 5, 17, 21, 27

                            
                            	
                                10, 12, 22

                            
                            	
                                5, 24, 29

                            
                            	
                                5, 7, 9, 18

                            
                        

                        
                            	
                                
                                    	
                                        10.  Trigonometry (finding a missing side of a right triangle, applications of the sine, cosine, and tangent in word problems, angle of elevation and depression, finding an angle using an inverse trigonometric function, cofunction relationships)

                                    

                                

                            
                            	
                                5, 12, 28, 31

                            
                            	
                                4, 32

                            
                            	
                                11, 15, 28, 30

                            
                            	
                                3, 6, 34

                            
                            	
                                3, 13, 21, 36

                            
                            	
                                15, 19, 21

                            
                        

                        
                            	
                                
                                    	
                                        11.  Parallelograms and Trapezoids (classifying figures, properties of parallelograms and trapezoids, proofs involving parallelograms and trapezoids, transformations of parallelograms and trapezoids)

                                    

                                

                            
                            	
                                13, 26, 33

                            
                            	
                                1, 8, 28, 35

                            
                            	
                                9, 33

                            
                            	
                                7, 24

                            
                            	
                                11, 20

                            
                            	
                                8, 14, 26

                            
                        

                        
                            	
                                
                                    	
                                        12.  Coordinate Geometry Proofs (proofs on the coordinate plane)

                                    

                                

                            
                            	
                                36

                            
                            	
                                22, 33

                            
                            	
                                 

                            
                            	
                                33b

                            
                            	
                                35

                            
                            	
                                32

                            
                        

                        
                            	
                                
                                    	
                                        13.  Circles (similarity of circles, central and inscribed angles, angles and segments formed by chords, tangents, and secants, quadrilaterals inscribed in a circle, radian measure, arc length, area of a sector)

                                    

                                

                            
                            	
                                8, 20, 29

                            
                            	
                                11, 12, 15, 18

                            
                            	
                                10, 24, 29

                            
                            	
                                19, 23, 25, 35

                            
                            	
                                4, 8, 26

                            
                            	
                                4, 12, 23, 33

                            
                        

                        
                            	
                                
                                    	
                                        14.  Volume (prisms, cylinders, cones, pyramids, spheres, properties of solids, calculating volume of solids, justify the formulas for circumference and area of a circle, justify the volume formulas, Cavalieri’s principle, identify cross sections and solids of revolution)

                                    

                                

                            
                            	
                                1, 6, 23

                            
                            	
                                3, 21

                            
                            	
                                1, 20, 36

                            
                            	
                                3, 13, 20

                            
                            	
                                16, 18, 27, 28

                            
                            	
                                1, 13, 25

                            
                        

                        
                            	
                                
                                    	
                                        15.  Modeling (modeling real-world situations with solids and planar figures, applications of density, design problems involving area and volume)

                                    

                                

                            
                            	
                                7, 19, 35

                            
                            	
                                16, 25, 36

                            
                            	
                                18, 32

                            
                            	
                                17, 36

                            
                            	
                                23, 34

                            
                            	
                                20, 34, 36

                            
                        

                    
                

            

        

        How the Test Is Scored

        All multiple-choice questions are worth 2 points each, and no partial credit is awarded. The constructed-response questions are worth 2, 4, or 6 points each. These are graded according to the scoring rubric issued by the New York State Department of Education. The rubric allows for partial credit if an answer is partially correct. 

        When determining partial credit, the rubrics often distinguish between computational errors and conceptual errors. A computational error might be an error in algebra, graphing, or rounding. Computational errors generally will cost you 1 point, regardless of whether the question is a 2-point or 6-point question. Conceptual errors include using the incorrect formula (volume of a cone instead of a prism) or applying an incorrect relationship (congruent instead of supplementary same side interior angles). Half the credit of the problem is generally deducted for conceptual errors.

        Because partial credit is awarded on the constructed-response questions, it is extremely important to show all your work. A correct answer with no work shown will usually cost you most of the points available for that problem.

        Your total number of points earned for all four parts will be added to determine your raw score. A conversion table specific for each exam will then be used to convert your raw score to a final scaled score, which is reported to your school. The actual conversion charts are included at the end of each of the Regents exams in this book so you can convert your raw score to a final scaled score. The percentage of points needed to earn a final score of 65% is usually less than 65%, but the effect of the “curve” diminishes as your raw score increases.

        Calculator, Compass, Straightedge, Pen, and Pencil

        Graphing calculators are required for the Geometry Common Core exam, and schools must provide one to any students who don’t have their own. You may bring your own calculator if you own one, and many students feel more comfortable using their own familiar calculator. Be aware, though, that test administrators may clear the memory and any stored programs you might have saved on your calculator before the exam begins. 

        Any calculator provided to you will likely have had its memory cleared as well. This process will restore the calculator to its default settings, which may not be the familiar ones you are accustomed to using. The most common setting that may affect your work is the degree versus radian mode. Some calculators have radian mode as the default. It is a good idea to find out what calculator will be provided to you and how to switch between degree and radian mode.

        A good working knowledge of the graphing calculator will let you apply more than one method to solving a problem. Some calculator techniques worth knowing are

        
            	Using the graph and intersect feature to solve linear and quadratic equations

            	Using tables to find patterns or to quickly apply trial and error to solve a problem

            	Finding the square root and cube root of a number

            	Using the trigonometric and inverse trigonometric functions

        

        You will also be provided with a compass and straightedge if you do not have your own. Bringing your own compass is highly recommended, since the compasses provided by your school are of unknown quality. Also, it will be less stressful on test day to work with a compass that you are familiar with.

        The straightedge provided to you should be used only for making straight lines when graphing or doing constructions. The straightedge may have length markings in inches or centimeters, but these should not be used for determining the length of a segment or checking if two segments are congruent.

        You are responsible for bringing your own pen and pencil to the exam. All work must be done in blue or black pen, with the exception of graphs and diagrams, which may be done in pencil. 

        Scrap Paper and Graph Paper

        You are not allowed to bring your own scrap paper or graph paper
            into the exam. The exam booklet contains one page of scrap paper
            and one page of graph paper. These are perforated and can be
            removed from the booklet to make working with them easier. Any
            work you put on these sheets is not graded. If you want a grader to consider any work there, you must copy it into the appropriate space in the booklet. 

        Reference Sheet

        The following reference sheet is provided to you during the Regents exam. The same reference sheet is used for the Algebra I, Geometry, and Algebra II exams. The three sequence and series formulas and the exponential growth and decay formulas are not part of the Common Core Geometry curriculum, so do not be concerned with them. You should be familiar with all the other formulas. Remember, anytime you are asked to calculate an area or volume, check the reference sheet. Many of those formulas are provided.

        Common Core High School Math Reference Sheet

        (Algebra I, Geometry, Algebra II)

        Conversions

        
            
                
                    
                        	
                            
                                	1 inch = 2.54 centimeters

                                	1 meter = 39.37 inches

                                	1 mile = 5280 feet

                                	1 mile = 1760 yards

                                	1 mile = 1.609 kilometers

                                

                                	1 kilometer = 0.62 mile

                                	1 pound = 16 ounces

                                	1 pound = 0.454 kilogram

                                	1 kilogram = 2.2 pounds

                            

                        
                        	
                            
                                	1 ton = 2000 pounds

                                	1 cup = 8 fluid ounces

                                	1 pint = 2 cups

                                	1 quart = 2 pints

                                	1 gallon = 4 quarts

                                	1 gallon = 3.785 liters

                                	1 liter = 0.264 gallon

                                	1 liter = 1000 cubic centimeters

                            

                        
                    

                
            

        

        Formulas

        
            
                
                    
                        	
                            Triangle
                        
                        	
                            
                        
                    

                    
                        	Parallelogram
                        	
                            
                        
                    

                    
                        	Circle
                        	
                            
                        
                    

                    
                        	Circle
                        	
                            
                        
                    

                    
                        	General Prisms
                        	
                            
                        
                    

                    
                        	Cylinder
                        	
                            
                        
                    

                    
                        	Sphere
                        	
                            
                        
                    

                    
                        	Cone
                        	
                            
                        
                    

                    
                        	Pyramid
                        	
                            
                        
                    

                    
                        	Pythagorean Theorem
                        	
                            
                        
                    

                    
                        	Quadratic Formula
                        	
                            
                        
                    

                    
                        	Arithmetic Sequence
                        	
                            
                        
                    

                    
                        	Geometric Sequence
                        	
                            
                        
                    

                    
                        	Geometric Series
                        	
                            
                        
                    

                    
                        	Radians
                        	
                            
                        
                    

                    
                        	Degrees
                        	
                            
                        
                    

                    
                        	Exponential Growth/Decay
                        	
                            
                        
                    

                
            

        

        Preparing for the Exam

        
            	Preparing to earn a high grade on the Geometry Regents begins well before exam day. Don’t try to cram for the Geometry Regents the day before the exam, or even the week before. Successful students begin preparing months ahead of time!

            	Make the most of your class time. Take good notes, attempt all homework and classwork, and—most importantly—ask questions when you encounter something you don’t understand. Check and correct your work, especially exams and quizzes. Save your exams and quizzes in a folder or binder—they are an excellent resource for review and can help you document your progress.

            	You should be working with a good review book throughout the school year. The recommended review book is Barron’s Let’s Review: Geometry. You will be able to start reviewing with that book topic by topic before you reach the end of the curriculum in your geometry class.

            	Use the self-analysis charts at the end of each Regents exam in this book to record the number of points you earn within each topic area, and use those results to help identify areas for additional practice.

            	Work through at least one Regents exam under “exam conditions”—no distractions, no breaks, and a 3-hour time limit. Measure how much time you spend on each part, and use that as a guide to help establish a time-management plan for the actual exam.

            	Review any vocabulary words you are unfamiliar with. Geometry is a vocabulary-intensive subject, and understanding the full meaning and implication of a word encountered in a problem is critical to being able to solve the problem. The glossary at the end of this book is a good resource. One good strategy is to make flash cards with a word on one side and figure on the other.

            	Work through as many practice problems as you can. A greater variety of problems that you encounter beforehand means a greater probability of seeing familiar problems on the Regents.

            	Become familiar with the formula sheet. You should know what is on the formula sheet and what’s not. Also, you should know what each of the symbols and variables represents.

            	Read through the step-by-step solutions to the Regents questions
                for any question you do not get right while practicing. Try to
                identify why you were not able to correctly answer the question.
                You will learn from your errors only if you correct them as soon
                as possible. Be aware of why the errors occur. Common errors
                are
                
                    	Not remembering a formula or relationship

                    	Having difficulty applying multiple steps or concepts in a single problem

                    	Having weak algebra skills

                    	Having a weak vocabulary

                    	Not reading the question carefully

                    	Not checking your work 

                

            

        

    
        
            Test-Taking Tips

        

        
            Tip 1

            Be mentally prepared for the exam

        

        Suggestions

        
            	Don’t try to cram the night before the exam—prepare ahead of time.

            	Walk into the exam room with confidence. 

            	You can retake the exam if the grade you earn does not meet the expectation you set for yourself, so don’t panic.

        

        
            Tip 2

            Be physically prepared for the exam

        

        Suggestions

        
            	Get plenty of sleep the night before, and set an alarm if necessary so you wake upon time.

            	Eat a good breakfast the day of the test.

            	Dress in comfortable clothes.

            	Give yourself plenty of time to get to the test. Late students may be admitted up to a certain time, but they will not be given any additional time at the end of the exam. Check with your teachers for the current policies. 

        

        
            Tip 3

            Come prepared with all materials

        

        Suggestions

        
            	Be sure to have
                
                    	Any identification required by your school

                    	Time and room number of your exam

                    	Two pens, two pencils, eraser, compass, ruler, and graphing calculator (if you have one)

                    	Do not bring any restricted items such as cell phones, music or recording devices, food, and drinks. Ask your teacher ahead of time what items are prohibited. If you do need to bring a cell phone or other electronic device to school, plan to leave it in your locker or other secure place. Using a prohibited device during the exam will invalidate your score.

                

            

        

        
            Tip 4

            Have a consistent plan for working through each problem

        

        Suggestions

        
            	Start by reading the question carefully. Common errors to
                watch out for are
                
                    	Not writing your answer in the correct form, such as a simplified radical or rounded decimal

                    	Using the wrong method, such as graphical versus algebraic

                    	Solving for a variable but not substituting to find a requested angle or segment measure

                    	Missing key words that provide necessary information
                        (parallel, isosceles, regular, “not necessarily true,” etc.)

                

            

            	Sketch a figure if none is provided. Mark up the figures with relevant dimensions, congruence markings, parallel markings, and so on.

            	Try to break down complex multi-step problems into smaller pieces, looking for relationships that you can apply.

            	For proofs, decide if you are going to write a two-column or paragraph proof.

            	If you don’t see how to get to a final answer at first, try applying any formulas or relationships that you recognize.  Sometimes finding a certain length or angle may help you see the path to the final answer. Don’t panic if you cannot immediately answer a question!

        

        
            Tip 5

            Budget your time

        

        Suggestions

        
            	Don’t spend too much time on any one problem. If you are having difficulty with a problem, circle it and come back to it at the end. There are going to be a mix of easy, moderate, and difficult questions. You don’t want to run out of time before doing all the easy problems.

            	Before the test day, record the time it takes you to do
                each part of one of the practice Regents exams in this book. Your
                goal should be to finish all parts in
                
                hours, which will give you
                30 minutes to check your work.

        

        
            Tip 6

            Express your answer in the form requested

        

        Suggestions

        
            	When required to round to a specified place value, do not round until you get your final answer.

            	When using formulas that involve π, check if the answer is to be “expressed in terms of π” or “rounded” to a certain place value.  Expressed in terms of π means leave π out of the calculation, and then put in the π when writing your final answer, for example “32π.” If the answer is to be rounded, then you should type π into your calculator along with the appropriate formula. Remember, always use the π button, not 3.14 or any other approximation of π.

            	Simplify radicals when necessary.

            	If your answer to a multiple-choice question is not one of the choices, check to see if it can be rewritten as one of the choices by simplifying a fraction or radical or rearranging an equation. For example, the equation of a line may be written in multiple forms, or an answer may be expressed in terms of π instead of a rounded equivalent.

        

        
            Tip 7

            Maximize your partial credit

        

        Suggestions

        
            	Show all work for parts II, III, and IV. Most of the credit is lost if you write a correct answer with no supporting work.

            	Write any formulas used in parts II, III, and IV, and then show each step of the evaluation.

            	Work through the entire problem even if you are not sure if you are correct! If you make an error along the way, but the following work is consistent with the error, you will likely receive partial credit for the correct method.

            	Do not leave any questions blank. There is no penalty for guessing.

        

        
            Tip 8

            Consider alternative methods to solving a problem

        

        Suggestions

        
            	Trial and error is a valid method for solving an equation or
                problem. However, you must clearly write the equation you are using along with at least three guesses with an appropriate check. Even if your first guess is correct, demonstrate that you understand the method by showing work for two incorrect guesses and the checks.

            	Some problems can be solved graphically even though a coordinate plane grid is not provided with the problem. You can use the provided scrap graph paper in these cases. The scrap graph paper is not graded, but this is not a concern for multiple-choice problems since work does not need to be shown. For some constructed-response questions, sketching the problem and solution on the graph paper may be a good way to check your result.

        

        
            Tip 9

            Eliminate obviously incorrect choices on multiple-choice questions

        

        Suggestions

        
            	You can sometimes rule out choices if you
                
                    	Expect an obtuse or acute angle for an answer

                    	Expect a length to be longer or shorter than another known
                        length

                

            

            	Use the fact that unless otherwise specified, figures are
                approximately to scale

        

        
            Tip 10

            Make your paper easy to grade

        

        Suggestions

        
            	Work neatly. Your work should be legible and flow from top to bottom.

            	Cross out any incorrect work you do not want the graders to consider on constructed-response questions. You will lose credit if there is both a correct and incorrect answer.

            	Follow directions if you need to change an answer on a
                multiple-choice bubble sheet. Ask a proctor if you are unsure.

        

        
            Tip 11

            Check your work

        

        Suggestions

        
            	If you finish the exam with time left, go back and check as
                much of your work as you can. After taking the time to prepare for
                the exam, it would be a waste of that effort to not make use of
                any extra time you might have.

        

    

A Brief Review of Key Geometry Facts and Skills



3.1 Angle, Line, and Plane Relationships

Notation 

Points, segments, lines, and planes are represented using the following notation





	
Name


	
Definition

	
Figure

	
Notation






	
Point


	
A location in space with no length, width, or thickness


	

[image: ]



	
Point A





	
Line


	
An infinitely long set of points that has no width or thickness


	

[image: ]



[image: ]



[image: ]



	



,
,
 or 


Line m





	
Ray


	
A portion of a line with one endpoint and including all points on one side of the endpoint


	

[image: ]



	





	
Segment


	
A portion of a line bounded by two endpoints


	









[image: ]



	





	
Length of a segment


	
The distance between the two endpoints of a segment


	





	
Plane


	
A flat set of points with no thickness that extends infinitely in all directions


	

[image: ]
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Plane ABC



Plane R





	
Angle


	
A figure formed by two rays with a common endpoint


	

[image: ]



	
∠RST or ∠S





	
Angle

measure


	
The amount of opening of an angle, measured in degrees or radians


	

[image: ]



	
∠1

m∠1









An angle can be classified as a


	
Right angle—measures 90°

	
Acute angle—measures less than 90°

	
Obtuse angle—measures greater than 90° and less than 180°

	
Straight angle—measures 180°



Intersecting, Parallel, Perpendicular, and Skew


	The intersection of two lines is one point (lines r and s intersecting at point M).

	The intersection of two planes is one line (planes ABC and ABD intersect along
).







	



[image: ]



	

[image: ]











	
Coplanar lines lie in the same plane, they are either parallel (
and
) or intersect (
and
).

	
Parallel lines are coplanar and never intersect. The symbol for parallel is // (
//
).

	
Skew lines are lines that are not coplanar.

and

are skew.

	
Perpendicular lines intersect at right angles, which measure 90°. The symbol for perpendicular is ⊥ (r ⊥ s). Line r ⊥ line s in the accompanying figure. The small square at the point of intersection is a symbol for a right angle. m∠ABC + m∠DEF = 180°.







	



[image: ]
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Basic Angle Relationships


	
Supplementary angles have measures that sum to 180°. ∠ABC and ∠DEF are supplementary.

[image: ]




	
Complementary angles have measures that sum to 90°. ∠1 and ∠2 are complementary. m∠1 + m∠2 = 90°.

[image: ]




	The sum of the measures of adjacent angles around a point equals 360°. m∠1 + m∠2 + m∠3 + m∠4 = 360°.

[image: ]




	The sum of the measures of adjacent angles around a line equals 180°. Two adjacent angles that form a straight line are called a linear pair, and are supplementary. m∠1 + m∠2 = 180°. ∠1 and ∠2 are a linear pair.

[image: ]




	The measure of a whole equals the sum of the measures of its parts. m∠ABC = m∠1 + m∠2 + m∠3.

[image: ]




	
Vertical angles are the congruent opposite angles formed by intersecting lines. ∠1 and ∠3 are vertical angles; therefore, ∠1 ≅ ∠3. ∠2 and ∠4 are vertical angles; therefore, ∠2 ≅ ∠4.

[image: ]




	
Angle bisectors divide angles into two congruent angles.

bisects ∠ACB, ∠ACD ≅ ∠BCD.

[image: ]






Angles Formed by Parallel Lines

When two parallel lines (lines m and n) are intersected by a transversal (line v), eight angles are formed. Any pair of these angles will be either supplementary or congruent. Certain pairs are given special names. The named pairs have the following properties:


[image: ]

m // n





Alternate interior angles are congruent. Alternate interior angles lie between parallel lines m and n on opposite sides of transversal v. 

Same side interior angles are supplementary. Same side interior angles lie between parallel lines m and n on the same side of transversal v. ∠4 and ∠5 are supplementary, ∠3 and ∠6 are supplementary. m∠4 + m∠5 = 180°, m∠3 + m∠6 = 180°.

Corresponding angles are congruent. Corresponding angles are the interior/exterior pair of congruent angles on the same side of the transversal. ∠4 ≅ ∠8, ∠1 ≅ ∠5, ∠2 ≅ ∠6, ∠3 ≅ ∠7.

These relationships can also be used to prove two lines are parallel. For example, if the alternate interior angles formed by two lines are congruent, then the lines are parallel.

If a problem involves two parallel lines, but no transversal that intersects both lines, it may be helpful to add an additional line called an auxiliary line. In order to find m∠BED in the accompanying figure, the auxiliary line

is drawn parallel to

and
. Now the two alternate interior angle relationships can be used:









	



[image: ]
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Basic Line/Segment/Ray Relationships

In segments, the point that divides a segment into two congruent segments is called a midpoint. In the accompanying figure, S is the midpoint of
, and
. Any line, segment, or ray that intersects a segment at its midpoint is called a segment bisector, or simply bisector. Line m bisects

at its midpoint S. Lines can bisect segments, but lines cannot be bisected themselves because they do not have a finite length.


[image: ]



	A line, segment, or ray that is perpendicular to and bisects a segment is called a perpendicular bisector.

is the perpendicular bisector of
. The four angles formed by their intersection are right angles, and


[image: ]


As with angles, the length of a divided segment is equal to the sum of its parts. In the accompanying figure, MN + NO = MO. If point N is also a midpoint, then the additional relationship MN = NO would be true.


[image: ]






Angles in Polygons

Definitions:


	
Polygon—a closed planar figure with straight sides

	
Regular polygon—a polygon whose sides and angles are all congruent

	
Interior angle—the angle inside the polygon formed by two adjacent sides

	
Exterior angle—the angle formed by a side and the extension of an adjacent side in a polygon

	
Triangle—a polygon with 3 sides

	
Quadrilateral—a polygon with 4 sides

	
Pentagon, hexagon, octagon, decagon—polygons with 5, 6, 8, and 10 sides




[image: ]







In the accompanying pentagon, angles 1 through 5 are interior angles and angles 6 through 10 are exterior angles.




The following relationships can be used to find interior and exterior angles of a polygon: 


	The sum of the measures of interior angles of a polygon with n sides equals 180° × (n – 2). 

	The measure of one interior angle of a regular polygon with n sides equals
.

	The sum of the measures of exterior angles of a polygon with n sides equals 360°. 

	The measure of one exterior angle of a regular polygon with n sides equals

Using the accompanying figure of the pentagon above:





  If the pentagon is regular, 







	A central angle is the angle formed by connecting the center of the polygon to two adjacent vertices, as shown. The measure of a central angle in a regular polygon with n sides equals

For
pentagon ABCDE,




[image: ]







        
            
                Practice Exercises

                
                
                
                
                
                
                
                
                
            

            
                
                	
                    
                    
                        In the figure of the rectangular prism, which of the following is true?

                        
                            [image: ]
                        

                    

                    
                        	Points E, H, D, and A are coplanar and collinear.

                        	
                            
                            is skew to
                            , and
                            
                            ⊥
                            
                            .

                        	
                            , and
                            
                            is skew to
                            .

                        	
                            , and
                            .

                    

                    
                

                	
                    
                    
                        Which of the following would be the best definition of an angle? 

                    

                    
                        	the union of two rays with a common endpoint

                        	a geometric figure measured in degrees

                        	one-third of a triangle

                        	a line that bends

                    

                    
                

                	
                    
                    
                        
                            
                            and m∠CFE = 42°. Find m∠BFD.

                        
                            [image: ]
                        

                    

                    
                        	42°

                        	45°

                        	48°

                        	52°

                    

                    
                

                	
                    
                    
                        
                            
                            bisects ∠ABD. If m∠ABD = (8x – 12)° and m∠ABC = (3x + 4)°, find m∠ABD.

                        
                            [image: ]
                        

                    

                    
                        	10°

                        	20°

                        	34°

                        	68°

                    

                    
                

                	
                    
                    
                        Line p intersects lines m and n. For what values of x could you conclude that m is parallel to n?

                        
                            [image: ]
                        

                    

                    
                        	12°

                        	17°

                        	35°

                        	62°

                    

                    
                

                	
                    
                    
                        Points F, G, H, and I are collinear. G is the midpoint of
                            , H is the midpoint of
                            ,
                            
                            = (x2 + 5x), and
                            
                            = 3x + 8. 

                    

                    
                        What is the length of
                            ?

                        
                            [image: ]
                        

                    

                    
                        	14

                        	20

                        	24

                        	32

                    

                    
                

                	
                    
                    
                        In the accompanying figure, lines m and n are parallel. If m∠1 = 32° and m∠2 = 78°, what is the measure of ∠3?

                        
                            [image: ]
                        

                    

                    
                        	102°

                        	110°

                        	134°

                        	148°

                    

                    
                

                	
                    
                    
                        A regular polygon has interior angles that each measure 156°. How many sides does the polygon have?

                    

                    
                

                	
                    
                    
                        Regular octagon ABCDEFGH is shown in the figure below. 

                        
                            [image: ]
                        

                        Sides
                            
                            and
                            
                            are both extended to Q. 

                    

                    
                        What is the measure of ∠Q?

                    

                    
                        	22.5°

                        	30°

                        	45°

                        	60°

                    

                    
                

                	
                    
                    
                        In regular hexagon ABCDEF,
                            
                            and
                            
                            intersect at O. What is the measure of ∠AOF? 

                    

                    
                

                	
                    
                    
                        In the accompanying figure,
                            
                            intersects
                            
                            at P.

                        
                            [image: ]
                        

                        Prove the theorem that the opposite angles formed by intersecting lines are congruent, ∠WPY ≅ ∠ZPX. 

                    

                    
                

            

        

    

Solutions



	


                        Choice (1) is not correct since E, H, and D do not lie on a single straight line and are not collinear. 

                        Choice (2) is not correct since
                            
                            and
                            
                            are perpendicular, so they cannot be skew. 

                        Choice (4) is not correct since
                            
                            and
                            
                            do not intersect, so they cannot be perpendicular. 

                        The correct choice is (3).

                    



	


                        Considering each choice: 

                        (1) This definition is precise and uses previously defined geometric terms. 

                        (2) This definition is not precise. A counterexample would be an arc, which can also have a degree measure. 

                        (3) Not all angles are part of triangles. 

                        (4) This definition is not precise, since “bend” is not a defined geometric term.

                        The correct choice is (1).

                    



	


                        
                            
                        

                        The correct choice is (3). 

                    



	


                        
                            
                        

                        
                            
                        

                        
                            
                        

                        The correct choice is (4).

                    



	


                        The two angles indicated in the figure are corresponding angles, so lines m and n are parallel if the corresponding angles are congruent, or have the same angle measure. 

                        
                            
                        

                        The correct choice is (2). 

                    



	


                        A bisector divides a segment into two congruent halves, so FG = GH and GH = HI. Combine these relationships to obtain FG = HI.

                        
                            
                        

                        Eliminate the solution x = –4, because that would lead to a negative or zero length; therefore, x = 2.

                        
                            
                        

                        The correct choice is (1). 

                    



	


                        Sketch the auxiliary line parallel to m and n as shown. 

                        
                            [image: ]
                        

                        The 78° angle is divided into a lower and upper part. The lower part is an alternate interior angle to ∠1, so it must measure 32°. The measure of the upper part is equal to 78° – 32° = 46°. 

                        ∠3 and the 46° angle are same side interior angles, so they must be supplementary. 

                        m∠3 + 46°= 180°

                        m∠3 = 134°

                        The correct choice is (3). 

                    



	
                    
                    
                    
                        Each interior angle of a polygon measures
                            
                            degrees.

                        
                            
                        

                        The polygon has 15 sides.

                    

                

	


                        The sum of the exterior angles of a polygon equals 360°, and in a regular polygon each exterior angle measures
                            .
                        

                        The strategy is to find each interior angle of quadrilateral QAHG.

                        
                            
                        

                        Each interior angle of a regular polygon is the supplement of an
                            exterior angle.

                        
                            
                        

                        The exterior convex angle ∠AHG = 360° – 135° = 225°.

                        The sum of the measures of the interior angles of 

                        
                            
                        

                        
                            
                        

                        The correct choice is (3).

                    



	
                    
                    
                    
                        The intersection of the two diagonals
                            
                            and
                            
                            is the center of the regular polygon, so ∠AOF is a central angle.

                        
                            [image: ]
                        

                        
                            
                        

                    

                

	
                    
                    
                    
                        The strategy is to show ∠WPY and ∠ZPX are supplementary to the same angle.

                        
                            
                                
                                    
                                        	Statement
                                        	Reason
                                    

                                
                                
                                    
                                        	1.
                                            
                                            intersects
                                            
                                            at P.
                                        
                                        	
                                            1. Given
                                        
                                    

                                    
                                        	
                                            2. ∠WPY and ∠YPX are

                                            a linear pair.

                                            ∠ZPX and ∠YPX are

                                            a linear pair.
                                        
                                        	
                                            2. Definition of a linear pair
                                        
                                    

                                    
                                        	
                                            3. ∠WPY and ∠YPX are supplementary.

                                            ∠ZPX and ∠YPX are supplementary.
                                        
                                        	
                                            3. Linear pairs are supplementary
                                        
                                    

                                    
                                        	
                                            4. ∠WPY ≅ ∠ZPX
                                        
                                        	
                                            4. Angles supplementary to the same angle are congruent
                                        
                                    

                                
                            

                        

                    

                






3.2 Triangle Relationships

Classifying Triangles 

A triangle is a polygon with three sides.

Triangles can be classified by their sides or by their angles.


	By Sides
Scalene—no sides are congruent.

Isosceles—two sides are congruent.

Equilateral—three sides are congruent.



	By Angle
Acute—all angles are acute.

Right—one angle is a right angle.

Obtuse—one angle is obtuse.


[image: ]






Special Segments and Points of Concurrency in Triangles

There are four special segments that can be drawn in a triangle, and every triangle has three of each. These are the altitude, median, angle bisector, and perpendicular bisector, shown in the accompanying figure.

Altitude—a segment from a vertex perpendicular to the opposite side

Median—a segment from a vertex to the midpoint of the opposite side

Angle bisector—a line, segment, or ray passing through the vertex of a triangle and bisecting that angle

Perpendicular bisector—a line, segment, or ray that is perpendicular to and passes through the midpoint of a side


[image: ]
Special segments in triangles



The three medians of a triangle will all intersect at a single point called the centroid. We say the medians are concurrent at the centroid, or the centroid is the point of concurrency. The other special segments will be concurrent as well. The following table illustrates each of the points of concurrency.





	
Segment

	
Concurrent at


	
Feature






	
Perpendicular

bisectors

	
Circumcenter

[image: ]



	
Center of the
circumscribed
circle, equidistant
from each of the
three vertices




	
Angle bisectors

	
Incenter

[image: ]



	
Center of the
inscribed circle,
equidistant from the
three sides of the
triangle




	
Medians

	
Centroid

[image: ]



	
Divides each
median in 2:1 ratio
and is the center
of gravity of the
triangle




	
Altitudes

	
Orthocenter

[image: ]



	
Located inside acute triangles, on a vertex of right triangles, and outside obtuse triangles








The following phrase can help you remember the points of concurrency:

“All of my children are bringing in peanut butter cookies” 

AO—altitudes/orthocenter

MC—medians/centroid

ABI—angle bisectors/incenter

PBC—perpendicular bisectors/circumcenter 

Angle and Segment Relationships in Triangles





	
Angle sum theorem

	
The sum of the measures of the interior angles of a triangle equals 180°.

	

[image: ]


m∠A + m∠B + m∠C = 180°




	
Exterior angle theorem

	
The measure of any exterior angle of a triangle equals the sum of the measures of the nonadjacent interior angles.

	

[image: ]


m∠1 = m∠3 + m∠4





	
Isosceles triangle theorem and its converse

	
If two sides of a triangle are congruent, then the angles opposite them are congruent.

If two angles in a triangle are congruent, then the sides opposite them are congruent.


	

[image: ]










	
Equilateral triangle theorem

	
All interior angles of an equilateral triangle measure 60°.

	

[image: ]





m∠A = m∠B = m∠C = 60°





	
Pythagorean theorem

	
In a right triangle, the sum of the squares of the legs equals the square of the hypotenuse.

	

[image: ]













Practice Exercises














	


In ΔFGH, K is the midpoint of
. What type of segment is
?




	median

	altitude

	angle bisector

	perpendicular bisector






	


The side lengths of a triangle are 6, 8, and 10.

The triangle can be classified as




	equilateral

	acute

	obtuse

	right






	


The angle measures of a triangle are (6x + 6)°, (8x – 8)°, and (12x)°. The triangle can be classified as




	obtuse

	equilateral

	isosceles

	scalene






	


Line m  //  line n, and ΔABC is isosceles with AC = BC. What is the measure of ∠3?


[image: ]





	53°

	60°

	63.5°

	74°






	


In ΔABC,

is an angle bisector, m∠AYC = 71° and m∠B = 23°. What is the measure of angle A?


[image: ]





	61°

	71°

	76°

	86°






	


ΔRST is a right triangle with right angle ∠RST. ΔPSR is equilateral. Find the measure of angle T.


[image: ]





	15°

	25°

	30°

	45°






	


In the figure below, triangle ABC is isosceles with AC = BC, m∠A = 70°, and
. Find the measure of ∠CBE.


[image: ]





	20°

	25°

	35°

	40°






	



intersects

at H. If m∠KFG = 156°, m∠G = 117°, m∠JHI = (2x + 15)°, and m∠J = (4x + 6)°, what is the measure of angle J?


[image: ]





	42°

	54°

	62°

	70°






	


∠A of ΔABC is a right angle, and

is a median. Find the length CD if AC = 9 and BC = 13.


[image: ]







	


In ΔABC shown below, m∠B = 36°, AB = BC, and

bisects ∠BAC.


[image: ]


Is ΔCAD isosceles? Justify your answer. 






	



intersects

at T.


[image: ]


What is the relationship between the sum (m∠R + m∠S) and the sum (m∠V + m∠U)? Explain your reasoning. 












Solutions



	


A median is a segment that joins a vertex of a triangle to the midpoint of the opposite side. 

The correct choice is (1).





	


The three side lengths satisfy the Pythagorean theorem:





Therefore, the triangle is a right triangle.

The correct choice is (4).





	


6x + 6 + 8x – 8 + 12x = 180          angle sum theorem





Substitute x = 7 to find the three angle measures.





Since the triangle has two congruent angles, it must have two congruent sides, so it is isosceles. 

The correct choice is (3).





	










The correct choice is (4).





	






The correct choice is (1).





	










The correct choice is (3).





	


The strategy is to first find m∠C, which must be congruent to ∠CBE.





The correct choice is (4).





	


Start by finding m∠GHK by applying the exterior angle theorem in ΔFGH. 





The correct choice is (2).





	



Start by using the Pythagorean theorem in ΔABC to find AB. From AB, calculate AD, and then use the Pythagorean theorem again on ΔADC to find CD. 





Median

intersects midpoint D, so





Now apply the Pythagorean theorem in ΔADC:









	



ΔBAC has 2 ≅ sides

and
, so it is isosceles. The strategy is to find the measures of ∠C, ∠ADC, and ∠CAD.





From the angle bisector, we know





Find m∠CDA by applying the angle sum theorem to ΔCAD. 





Both ∠C and ∠CDA measure 72°; therefore,

, and ΔCAD is isosceles. 





	



m∠RTS + m∠R + m∠S = 180° from the angle sum theorem. Also, m∠VTU + m∠V + m∠U = 180° for the same reason; therefore,





∠RTS and ∠VTU are congruent vertical angles, so we can subtract their measure from each side of the equation, resulting in 





Therefore, the two sums are equal.










        3.3 Constructions

        Copy an Angle

        
            	Given angle ∠ABC and
                
                construct ∠EDF congruent to ∠ABC.
                
                    	Place point on B and make an arc intersecting the angle at R and S.

                    	With the same compass opening, place point on E and make an arc intersecting at T.

                    	Place point on R and pencil on S and make a small arc.

                    	With the same compass opening, place point on T and make an arc intersecting the previous one at F.

                    	
∠DEF is congruent to ∠ABC.
                        
                            [image: ]
                        

                    

                

            

        

        Equilateral Triangle

        
            	Given segment
                
                construct an equilateral triangle with side length AB.
                
                    	Place point on A and pencil on B and make a quarter circle.

                    	Place point on B and pencil on A and make a quarter circle that intersects the first circle at C.

                    	ΔABC is an equilateral triangle.
                        
                            [image: ]
                        

                    

                

            

        

        Angle Bisector

        
            	Given angle ∠ABC, construct angle bisector
                
                
                    	Place point on B and make an arc intersecting
                        
                        and
                        
                        at R and S.

                    	Place point on R and make an arc in interior of the angle.

                    	With the same compass opening, place point on S and make an arc that intersects the previous arc at point D.

                    	
                        
                        is the angle bisector.
                        
                            [image: ]
                        

                    

                

            

        

        Perpendicular Bisector

        
            	Given segment
                
                construct the perpendicular bisector of
                
                
                    	With compass open more than half the length of
                        
                        place the point at A and make a semicircle running above and below
                        
                    

                    	With the same compass opening, place the point at B and make a semicircle running above and below
                        
                        so that it intersects the first semicircle at R and S.

                    	
                        
                        is the perpendicular bisector of
                        
                        
                            [image: ]
                        

                    

                

            

        

        Perpendicular to Line from a Point not on the Line

        
            	Given line
                
                and point P not on
                
                construct a line perpendicular to
                
                passing through P.
                
                    	Place point at P and make an arc intersecting
                        
                        at R and S (extend
                        
                        if necessary).

                    	Place point at R and make an arc on opposite side of line as P.

                    	Place point at S and make an arc intersecting the previous arc at Q.

                    	
                        
                        is perpendicular to
                        
                        and passes through P.
                        
                            [image: ]
                        

                    

                

            

        

        Perpendicular to Line from a Point on the Line

        
            	Given line
                
                and point P on
                
                between A and B, construct a line perpendicular to
                
                and passing through P.
                
                    	Place point at P and make an arc intersecting
                        
                        at R and S.

                    	Place point at R and make an arc.

                    	Place point at S and make an arc intersecting the previous arc at Q.

                    	
                        
                        is perpendicular to
                        
                        and passes through P.
                        
                            [image: ]
                        

                    

                

            

        

        Parallel to Line through Point off the Line

        
            	Given
                
                and point P not on
                
                construct a line parallel to
                
                and passing through P.
                
                    	Construct a line passing through P and intersecting
                        
                        at R.

                    	With point at R, make an arc intersecting
                        
                        and
                        
                        at S and T.

                    	With point at P and the same compass opening, make an arc intersecting
                        
                        at U.

                    	With point at T, make an arc intersecting at S.

                    	With point at U and the same compass opening, make an arc intersecting at V.

                    	
                        
                        is parallel to
                        
                        and passes through point P.
                        
                            [image: ]
                        

                    

                

            

        

        Inscribe a Regular Hexagon or Equilateral Triangle in a Circle

        
            	Construct circle P of radius PA.

            	Using the same radius as the circle, place point on A and make an arc intersecting circle at B.

            	Place point at B and make an arc intersecting circle at C. Continue making arcs intersecting at D, E, and F.

            	Connect each point to form regular hexagon ABCDEF or every other point to form equilateral triangle ACE.
                
                    [image: ]
                

            

        

        Inscribe a Square in a Circle

        
            	Given circle T
                
                    	Construct a diameter through the center point T.

                    	Construct the perpendicular bisector of the first diameter, which will also be a diameter.

                    	The intersections of the diameters with the circle are the vertices of the square.
                        
                            
                                
                                    	
                                        [image: ]
                                    
                                    	    [image: ]
                                    
                                    	[image: ]
                                

                            
                        

                    

                

            

        

        Inscribed Circle

        
            	Given ΔABC, construct the inscribed circle.
                
                    	Construct the three angle bisectors of the triangle.

                    	The point of concurrency of the angle bisectors, or incenter I, is the center of the inscribed circle. 

                    	Construct a line perpendicular to one of the sides of the triangle that passes through the incenter I. Label the point of intersection with the side of the triangle P.

                    	Construct the inscribed circle with center I and radius IP.
                        
                            [image: ]
                        

                    

                

            

        

        Circumscribed Circle

        
            	Given ΔABC, construct the circumscribed circle.
                
                    	Construct the three perpendicular bisectors of the triangle.

                    	The point of concurrency of the perpendicular bisectors, or circumcenter P, is the center of the circumscribed circle. 

                    	Construct the circumscribed circle with center P and radius PA. (The circle should pass through points B and C as well.)
                        
                            [image: ]
                        

                    

                

            

        

    


Practice Exercises













Directions

Each of the constructions described in this chapter is a required construction and should be practiced. The constructions in this set of practice problems use the required constructions in various combinations. The first step in each problem is to identify which of the required constructions is called for.





	


Construct a triangle whose angles measure 30°, 60°, and 90°.






	


Given ΔJOT, construct a median from vertex O.



[image: ]









	


Construct the centroid of ΔHOT using a compass and straightedge. Use the compass to confirm your construction by demonstrating the 2:1 ratio. Leave all marks of construction.



[image: ]









	


Given ΔXYZ, construct the altitude from vertex X.



[image: ]









	


Given ΔXYZ, construct a midsegment that intersects sides

and
.



[image: ]









	


Given

and
, construct parallelogram ABCD.



[image: ]









	


Construct a triangle whose angles measure 45°, 45°, and 90° and has

as one of its legs.



[image: ]









	


Construct a 15° angle.






	



and

are chords in circle P. Construct the location

of point P.



[image: ]









	


Given

and point P, construct the dilation of

with a scale factor of 2 and center at P.



[image: ]









	


Construct the translation of point P by vector
.



[image: ]









	


P′ is the reflection of P over line m. Construct line m.




[image: ]









	


Construct point Q′, the rotation of point Q about center P by ∠ABC.



[image: ]
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