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Key Concepts

Tools of Geometry Chapter 1

Undefined Terms (p. 5)
A point is a location. It has neither shape nor size. 

A line is made up of points and has no thickness or width. 

A plane is a flat surface made up of points that extend infinitely in all directions. 

Betweenness of Points (p. 15)
Point M is between points P and Q if and only if P, Q, and M are collinear and 
PM + MQ = PQ. 

Congruent Segments (p. 16)
Congruent segments have the same measure.

Distance Formula (on a Number Line) (p. 25)
The distance between two points is the absolute value of the difference between 
their coordinates.

Distance Formula (in Coordinate Plane) (p. 26)
If P has coordinates (x1, y1) and Q has coordinates (x2, y2), then 

PQ =  
 
 √ ���������  (x2 - x1)2 + (y2 - y1)2  .

Midpoint Formula (on a Number Line) (p. 27)

If   
−−

 AB  has endpoints x1 and x2 on a number line, then the midpoint 

M of    
−−

 AB  has coordinate   
x1 + x2

 _ 
2
   .

Midpoint Formula (in Coordinate Plane) (p. 27)

If   
−−

 PQ  has endpoints P(x1, y1) and Q(x2, y2) in the coordinate plane, 

then the midpoint M of   
−−

 PQ  has coordinates M (  
x1 + x2

 _ 
2
  ,   

y1 + y2
 _ 

2
  ) .

Special Angle Pairs (p. 46)
Adjacent angles are two angles that lie in the same plane and have a common vertex 
and a common side, but no common interior points.

A linear pair is a pair of adjacent angles with noncommon sides that are opposite rays.

Vertical angles are two nonadjacent angles formed by two intersecting lines.

Angle Pair Relationships (p. 47)

Vertical angles are congruent.

Complementary angles are two angles with measures that have a sum of 90.

Supplementary angles are two angles with measures that have a sum of 180. 

The angles in a linear pair are supplementary.

Perpendicular Lines (p. 48)
Perpendicular lines intersect to form four right angles.

Perpendicular lines intersect to form congruent adjacent angles.

Segments and rays can be perpendicular to lines or to other line segments and rays.

A right angle symbol indicates that two lines are perpendicular.
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Polygons (p. 56)
A polygon is a closed figure formed by a finite number of coplanar segments called 
sides that have a common endpoint, are noncollinear, and intersect exactly two other 
sides at their endpoints.

The vertex of each angle is a vertex of the polygon.

A polygon is named by the letters of its vertices, written in order of consecutive 
vertices.

Types of Solids (p. 67)
Polyhedrons
A prism has two parallel congruent faces called bases connected by parallelogram 
faces. 

A pyramid has a polygonal base and three or more triangular faces that meet at a 
common vertex. 

Not Polyhedrons
A cylinder has congruent parallel circular bases connected by a curved surface.

A cone has a circular base connected by a curved surface to a single vertex.

A sphere is a set of points in space that are the same distance from a given point. 
A sphere has no faces, edges, or vertices.

Platonic Solids (p. 68)
A tetrahedron has four equilateral triangular faces.

A hexahedron or cube has six square faces.

An octahedron has eight equilateral triangular faces.

A dodecahedron has twelve regular pentagonal faces.

An icosahedron has twenty equilateral triangular faces.

Reasoning and Proof Chapter 2

Negation, Conjunction, Disjunction (p. 98—99)
A negation is a statement that has the opposite meaning and truth value of an 
original statement.

A conjunction is a compound statement formed by joining two or more statements 
using the word and.

A disjunction is a compound statement formed by joining two or more statements 
using the word or.

Conditional Statement (p. 107)
An if-then statement is of the form if p, then q. 

The hypothesis of a conditional statement is the phrase immediately following the 
word if.

The conclusion of a conditional statement is the phrase immediately following the 
word then. 

Related Conditionals (p. 109)
A conditional statement is a statement that can be written in the form if p, then q.

The converse is formed by exchanging the hypothesis and the conclusion of the 
conditional.

The inverse is formed by negating both the hypothesis and the conclusion of the 
conditional.

The contrapositive is formed by negating both the hypothesis and the conclusion of 
the converse of the conditional.
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  Logically Equivalent Statements (p. 110)
A conditional and its contrapositive are logically equivalent. 

The converse and inverse of a conditional are logically equivalent.

Biconditional Statement (p. 116)
A biconditional statement is the conjunction of a conditional and its converse.

Law of Detachment (p. 118)
If p � q is a true statement and p is true, then q is true.

Law of Syllogism (p. 119)
If p � q and q � r are true statements, then p � r is a true statement.

Postulate 2.1 (p. 127) Through any two points, there is exactly one line.

Postulate 2.2 (p. 127) Through any three noncollinear points, there is exactly one plane.

Postulate 2.3 (p. 127) A line contains at least two points.

Postulate 2.4 (p. 127) A plane contains at least three noncollinear points.

Postulate 2.5 (p. 127) If two points lie in a plane, then the entire line containing those 
 points lies in that plane.

Postulate 2.6 (p. 127) If two lines intersect, then their intersection is exactly one point. 

Postulate 2.7 (p. 127) If two planes intersect, then their intersection is a line.

Theorem 2.1 Midpoint (p. 129)
If M is the midpoint of   

−−
 AB , then   

−−−
 AM  �   

−−−
 MB .

Properties of Real Numbers (p. 136)
Addition Property of Equality If a = b, then a + c = b + c.

Subtraction Property of Equality If a = b, then a - c = b - c.

Multiplication Property of Equality If a = b, then a · c = b · c.

Division Property of Equality If a = b and c ≠ 0, then,   a _ c   =   b _ c  .

Reflexive Property of Equality a = a

Symmetric Property of Equality If a = b, then b = a.

Transitive Property of Equality If a = b and b = c, then a = c.

Substitution Property of Equality  If a = b, then a may be replaced by b 
in any equation or expression.

Distributive Property  a(b + c) = ab + ac

Postulate 2.8 Ruler (p. 144) 
The points on any line or line segment can be put into one-to-one correspondence 
with real numbers.

Postulate 2.9 Segment Addition (p. 144)
If A, B, and C are collinear, then point B is between A and C if and only if 
AB + BC = AC.

Theorem 2.2 Properties of Segment Congruence (p. 145)
Reflexive Property of Congruence   

−−
 AB  �   

−−
 AB 

Symmetric Property of Congruence If   
−−

 AB  �   
−−−

 CD , then   
−−−

 CD  �   
−−

 AB .

Transitive Property of Congruence If   
−−

 AB  �   
−−−

 CD  and   
−−−

 CD  �   
−−

 EF , then   
−−

 AB  �   
−−

 EF .

Postulate 2.10 Protractor (p. 151) 
Given any angle, the measure can be put into one-to-one correspondence with real 
numbers between 0 and 180. 

Postulate 2.11 Angle Addition (p. 151)  
D is in the interior of ∠ABC if and only if m∠ABD + m∠DBC = m∠ABC.
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Theorem 2.3 Supplement (p. 152)
If two angles form a linear pair, then they are supplementary angles.

Theorem 2.4 Complement (p. 152)
If the noncommon sides of two adjacent angles form a right angle, then the angles are 
complementary angles.

Theorem 2.5 Properties of Angle Congruence (p. 153)
Reflexive Property of Congruence ∠1 � ∠1

Symmetric Property of Congruence If ∠1 � ∠2, then ∠2 � ∠1.

Transitive Property of Congruence If ∠1 � ∠2 and ∠2 � ∠3, then ∠1 � ∠3.

Theorem 2.6 Congruent Supplements (p. 153)
Angles supplementary to the same angle or to congruent angles are congruent.

Abbreviation: � suppl. to same ∠ or � � are �.

Theorem 2.7 Congruent Complements (p. 153)
Angles complementary to the same angle or to congruent angles are congruent.

Abbreviation: � compl. to same ∠ or � � are �.

Theorem 2.8 Vertical Angles (p. 154)
If two angles are vertical angles, then they are congruent.

Abbreviation: Vert. � are �.

Theorem 2.9 (p. 155)  Perpendicular lines intersect to form four right angles.

Theorem 2.10 (p. 155)  All right angles are congruent.

Theorem 2.11 (p. 155)  Perpendicular lines form congruent adjacent angles.

Theorem 2.12 (p. 155)  If two angles are congruent and supplementary, then each angle is 
a right angle.

Theorem 2.13 (p. 155)  If two congruent angles form a linear pair, then they are right 
angles.

Parallel and Perpendicular Lines Chapter 3

Parallel and Skew (p. 173)
Parallel lines are coplanar lines that do not intersect.

Skew lines are lines that do not intersect and are not coplanar.

Parallel planes are planes that do not intersect.

Angle Pairs Formed by Two Lines and a Transversal (p. 174)
Interior angles lie in the region between lines that are intersected by a transversal.  

Exterior angles lie in the two regions that are not between lines that are intersected by 
a transversal.

Consecutive interior angles are interior angles that lie on the same side of a transversal.

Alternate interior angles are nonadjacent interior angles that lie on opposite sides of 
a transversal. 

Alternate exterior angles are nonadjacent exterior angles that lie on opposite sides of 
a transversal. 

Corresponding angles lie on the same side of a transversal and on the same side of 
two lines that are intersected by the transversal.

Postulate 3.1 Corresponding Angles (p. 180) 
If two parallel lines are cut by a transversal, then each pair of corresponding angles 
is congruent.

Theorem 3.1 Alternate Interior Angles Theorem (p. 181) 
If two parallel lines are cut by a transversal, then each pair of alternate interior angles 
is congruent.
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  Theorem 3.2 Consecutive Interior Angles Theorem (p. 181) 
If two parallel lines are cut by a transversal, then each pair of consecutive interior 
angles is supplementary.

Theorem 3.3 Alternate Exterior Angles Theorem (p. 181) 
If two parallel lines are cut by a transversal, then each pair of alternate exterior angles 
is congruent.

Theorem 3.4 Perpendicular Transversal (p. 182)
In a plane, if a line is perpendicular to one of two parallel lines, then it is 
perpendicular to the other.

Slope of a Line (p. 188)
In a coordinate plane, the slope of a line is the ratio of the change along the y-axis to 
the change along the x-axis between any two points on the line.

Postulate 3.2 Slopes of Parallel Lines (p. 191) 
Two nonvertical lines have the same slope if and only if they are parallel. All vertical 
lines are parallel.

Postulate 3.3 Slopes of Perpendicular Lines (p. 191) 
Two nonvertical lines are perpendicular if and only if the product of their slopes 
is -1. Vertical and horizontal lines are perpendicular.

Forms of the Equation of a Nonvertical Line (p. 198)
The slope-intercept form of a linear equation is y = mx + b, where m is the slope of 
the line and b is the y-intercept.

The point-slope form of a linear equation is y - y1 = m(x - x1), where (x1, y1) is any 
point on the line and m is the slope of the line.

Equations of Horizontal and Vertical Lines (p. 200)
The equation of a horizontal line is y = b, where b is the y-intercept of the line. 

The equation of a vertical line is x = a, where a is the x-intercept of the line.

Postulate 3.4 Converse of Corresponding Angles (p. 207)
If two parallel lines are cut by a transversal so that corresponding angles are 
congruent, then the lines are parallel.  

Postulate 3.5 Parallel (p. 208)
If given a line and a point not on the line, then there exists exactly one line through 
the point that is parallel to the given line.

Theorem 3.5 Alternate Exterior Angles Converse (p. 208)
 If two lines in a plane are cut by a transversal so that a pair of alternate exterior 

angles is congruent, then the two lines are parallel.

Theorem 3.6 Consecutive Interior Angles Converse (p. 208) 
If two lines in a plane are cut by a transversal so that a pair of consecutive interior 
angles is supplementary, then the lines are parallel.

Theorem 3.7 Alternate Interior Angles Converse (p. 208) 
If two lines in a plane are cut by a transversal so that a pair of alternate interior angles 
is congruent, then the lines are parallel.

Theorem 3.8 Perpendicular Transversal Converse (p. 208)
In a plane, if two lines are perpendicular to the same line, then they are parallel.

Distance Between a Point and a Line (p. 215)
The distance from a line to a point not on the line is the length of the segment 
perpendicular to the line from the point.

Postulate 3.6 Perpendicular (p. 215)
If given a line and a point not on the line, then there exists exactly one line through 
the point that is perpendicular to the given line.

 Distance Between Parallel Lines (p. 218)
The distance between two parallel lines is the perpendicular distance between one of 
the lines and any point on the other line.
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Theorem 3.9 Two Lines Equidistant from a Third (p. 218)
In a plane, if two lines are each equidistant from a third line, then the two lines are 
parallel to each other.

Congruent Triangles Chapter 4

Classifications of Triangles by Angles (p. 237)

An acute triangle has three acute angles.

An equiangular triangle has three congruent acute angles.

An obtuse triangle has one obtuse angle.

A right triangle has one right angle.

Classifications of Triangles by Sides (p. 238)

An equilateral triangle has three congruent sides.

An isosceles triangle has at least two congruent sides.

A scalene triangle has no congruent sides.

Theorem 4.1 Triangle Angle-Sum (p. 246)
The sum of the measures of the angles of a triangle is 180.

Theorem 4.2 Exterior Angle (p. 248)
The measure of an exterior angle of a triangle is equal to the sum of the measures of 
the two remote interior angles. 

Corollary 4.1 (p. 249)  The acute angles of a right triangle are complementary.

Corollary 4.2 (p. 249)  There can be at most one right or obtuse angle in a triangle.

Theorem 4.3 Third Angles (p. 257)
If two angles of one triangle are congruent to two angles of a second triangle, then the 
third angles of the triangles are congruent.

Theorem 4.4 Properties of Triangle Congruence (p. 258) 

Reflexive Property of Triangle Congruence �ABC � �ABC

Symmetric Property of Triangle Congruence If �ABC � �EFG, then �EFG � �ABC.

Transitive Property of Triangle Congruence If �ABC � �EFG and �EFG � �JKL, 
then �ABC � �JKL.

Postulate 4.1 Side-Side-Side (SSS) Congruence (p. 264)
If three sides of one triangle are congruent to three sides of a second triangle, then the 
triangles are congruent.

Postulate 4.2 Side-Angle-Side (SAS) Congruence (p. 266)
If two sides and the included angle of one triangle are congruent to two sides and the 
included angle of a second triangle, then the triangles are congruent.

Postulate 4.3 Angle-Side-Angle (ASA) Congruence (p. 275)
If two angles and the included side of one triangle are congruent to two angles and 
the included side of another triangle, then the triangles are congruent.

Theorem 4.5 Angle-Angle-Side (AAS) Congruence (p. 276)
If two angles and a nonincluded side of one triangle are congruent to the 
corresponding two angles and side of a second triangle, then the two triangles are 
congruent.
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  Theorem 4.6 Leg-Leg (LL) Congruence (p. 284)
 If the legs of one right triangle are congruent to the corresponding legs of another 

right triangle, then the triangles are congruent.

Theorem 4.7 Hypotenuse-Angle (HA) Congruence (p. 284)
 If the hypotenuse and acute angle of one right triangle are congruent to the 

hypotenuse and corresponding acute angle of another right triangle, then the 
two triangles are congruent. 

Theorem 4.8 Leg-Angle (LA) Congruence (p. 284)
 If one leg and an acute angle of one right triangle are congruent to the corresponding 

leg and acute angle of another right triangle, then the triangles are congruent.

Theorem 4.9 Hypotenuse-Leg (HL) Congruence (p. 284)
If the hypotenuse and a leg of one right triangle are congruent to the hypotenuse and 
corresponding leg of another right triangle, then the triangles are congruent. 

Theorem 4.10 Isosceles Triangle Theorem (p. 285) 
If two sides of a triangle are congruent, then the angles opposite those sides are 
congruent.

Theorem 4.11 Converse of Isosceles Triangle Theorem (p. 285) 
If two angles of a triangle are congruent, then the sides opposite those angles are 
congruent.

Corollary 4.3 (p. 286)  A triangle is equilateral if and only if it is equiangular. 

Corollary 4.4 (p. 286)  Each angle of an equilateral triangle measures 60.

Reflections, Translations, and Rotations (p. 296)
A reflection or flip is a transformation over a line called the line of reflection. Each point 
of the preimage and its image are the same distance from the line of reflection.

A translation or slide is a transformation that moves all points of the original figure 
the same distance in the same direction.

A rotation or turn is a transformation around a fixed point called the center of rotation, 
through a specific angle, and in a specific direction. Each point of the original figure  
and its image are the same distance from the center.

Placing Triangles on Coordinate Plane (p. 303)
Step 1 Use the origin as a vertex or center of the triangle.

Step 2 Place at least one side of a triangle on an axis.

Step 3 Keep the triangle within the first quadrant if possible.

Step 4 Use coordinates that make computations as simple as possible.

Relationships in Triangles Chapter 5

Theorem 5.1 Perpendicular Bisector Theorem (p. 324)
If a point is on the perpendicular bisector of a segment, then it is equidistant from the 
endpoints of the segment.

Theorem 5.2 Converse of the Perpendicular Bisector Theorem (p. 324)
If a point is equidistant from the endpoints of a segment, then it is on the 
perpendicular bisector of the segment.

Theorem 5.3 Circumcenter Theorem (p. 325)
The perpendicular bisectors of a triangle intersect at a point called the circumcenter 
that is equidistant from the vertices of the triangle. 

Theorem 5.4 Angle Bisector Theorem (p. 327)
If a point is on the bisector of an angle, then it is equidistant from the sides of the angle.
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Theorem 5.5 Converse of the Angle Bisector Theorem (p. 327)
If a point in the interior of an angle is equidistant from the sides of the angle, then it is 
on the bisector of the angle.

Theorem 5.6 Incenter Theorem (p. 328)
The angle bisectors of a triangle intersect at a point called the incenter that is 
equidistant from each side of the triangle. 

Theorem 5.7 Centroid Theorem (p. 335)
The medians of a triangle intersect at a point called the centroid that is two thirds of 
the distance from each vertex to the midpoint of the opposite side.

Definition of Inequality (p. 344)
For any real numbers a and b, a > b if and only if there is a positive number c such 
that a = b + c.

Properties of Inequality for Real Numbers (p. 344)

Comparison Property of Inequality a < b, a = b, or a > b

Transitive Property of Inequality  1. If a < b and b < c, then a < c. 
2. If a > b and b > c, then a > c.

Addition Property of Inequality  1. If a > b, then a + c > b + c.
2. If a < b, then a + c < b + c.

Subtraction Property of Inequality  1. If a > b, then a - c > b - c.
2. If a < b, then a - c < b - c.

Theorem 5.8 Exterior Angle Inequality Theorem (p. 345)
The measure of an exterior angle of a triangle is greater than the measure of either of 
its corresponding remote interior angles.

Theorem 5.9 (p. 346)  If one side of a triangle is longer than another side, then the angle 
opposite the longer side has a greater measure than the angle opposite the shorter side.

Theorem 5.10 (p. 346)  If one angle of a triangle has a greater measure than another angle, 
then the side opposite the greater angle is longer than the side opposite the lesser angle.

How to Write an Indirect Proof (p. 355)
Step 1  Identify the conclusion you are asked to prove. Make the assumption that this 

conclusion is false by assuming that the opposite is true.

Step 2  Use logical reasoning to show that this assumption leads to a contradiction of 
the hypothesis, or some other fact, such as a definition, postulate, theorem, or 
corollary.

Step 3  Point out that since the assumption leads to a contradiction, the original 
conclusion, what you were asked to prove, must be true. 

Theorem 5.11 Triangle Inequality Theorem (p. 364)
The sum of the lengths of any two sides of a triangle must be greater than the length 
of the third side. 

Theorem 5.13 Hinge Theorem (p. 371)
If two sides of a triangle are congruent to two sides of another triangle, and the 
included angle of the first is larger than the included angle of the second, then the 
third side of the first triangle is longer than the third side of the second triangle.

Theorem 5.14 Converse of the Hinge Theorem (p. 371)  
If two sides of a triangle are congruent to two sides of another triangle, and the third 
side in the first is longer than the third side in the second, then the included angle of 
the first triangle is greater than the included angle in the second triangle.

Quadrilaterals Chapter 6

Theorem 6.1 Polygon Interior Angles Sum (p. 393)
The sum of the interior angle measures of an n-sided convex polygon is (n - 2) · 180.
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  Theorem 6.2 Polygon Exterior Angles Sum (p. 396)
The sum of the exterior angle measures of a convex polygon, one angle at each vertex, 
is 360.

Theorem 6.3 (p. 403)  If a quadrilateral is a parallelogram, then its opposite sides are 
congruent.

Theorem 6.4 (p. 403)  If a quadrilateral is a parallelogram, then its opposite angles are 
congruent.

Theorem 6.5 (p. 403)  If a quadrilateral is a parallelogram, then its consecutive angles are 
supplementary.

Theorem 6.6 (p. 403)  If a parallelogram has one right angle, then it has four right angles.

Theorem 6.7 (p. 405)  If a quadrilateral is a parallelogram, then its diagonals bisect each 
other.

Theorem 6.8 (p. 405)  If a quadrilateral is a parallelogram, then each diagonal separates 
the parallelogram into two congruent triangles. 

Theorem 6.9 (p. 413)  If both pairs of opposite sides of a quadrilateral are congruent, then 
the quadrilateral is a parallelogram.

Abbreviation: If both pairs of opp. sides are �, then quad. is a �.

Theorem 6.10 (p. 413)  If both pairs of opposite angles of a quadrilateral are congruent, 
then the quadrilateral is a parallelogram.

Abbreviation: If both pairs of opp. � are �, then quad. is a �. 

Theorem 6.11 (p. 413)  If the diagonals of a quadrilateral bisect each other, then the 
quadrilateral is a parallelogram.

Abbreviation: If diag. bisect each other, then quad. is a �.

Theorem 6.12 (p. 413)  If one pair of opposite sides of a quadrilateral is both parallel and 
congruent, then the quadrilateral is a parallelogram.

Abbreviation: If one pair of opp. sides is � and ⎪⎪, then the quad. is a �.

Theorem 6.13 Diagonals of a Rectangle (p. 423)
If a parallelogram is a rectangle, then its diagonals are congruent.

Theorem 6.14 (p. 424) If the diagonals of a parallelogram are congruent, then the 
parallelogram is a rectangle.

Theorem 6.15 (p. 430)  If a parallelogram is a rhombus, then its diagonals are perpendicular.

Theorem 6.16 (p. 430)  If a parallelogram is a rhombus, then each diagonal bisects a pair 
of opposite angles. 

Theorem 6.17 (p. 432)  If the diagonals of a parallelogram are perpendicular, then the 
parallelogram is a rhombus.

Theorem 6.18 (p. 432)  If one diagonal of a parallelogram bisects a pair of opposite angles, 
then the parallelogram is a rhombus. 

Theorem 6.19 (p. 432)  If one pair of consecutive sides of a parallelogram are congruent, 
the parallelogram is a rhombus.

Theorem 6.20 (p. 432)  If a quadrilateral is both a rectangle and a rhombus, then it is 
a square.

Theorem 6.21 (p. 439)  If a trapezoid is isosceles, then each pair of base angles are 
congruent.

Theorem 6.22 (p. 439)  If a trapezoid has one pair of congruent base angles, then it is an 
isosceles trapezoid.
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Theorem 6.23 (p. 439)  A trapezoid is isosceles if and only if its diagonals are congruent.

Theorem 6.24 Trapezoid Midsegment Theorem (p. 441)
The midsegment of a trapezoid is parallel to each base and its measure is one half the 
sum of the lengths of the bases.

Theorem 6.25 (p. 443)  If a quadrilateral is a kite, then its diagonals are perpendicular.

Theorem 6.26 (p. 443)  If a quadrilateral is a kite, then exactly one pair of opposite angles 
is congruent.

Proportions and Similarity Chapter 7

Cross Products Property (p. 462)
In a proportion, the product of the extremes equals the product of the means.

Equivalent Proportions (p. 463)
Equivalent proportions have identical cross products.

Similar Polygons (p. 469)
Two polygons are similar if and only if their corresponding angles are congruent and 
corresponding side lengths are proportional.

Theorem 7.1 Perimeters of Similar Polygons (p. 471)
If two polygons are similar, then their perimeters are proportional to the scale factor 
between them.

Postulate 7.1 Angle-Angle (AA) Similarity (p. 478)
If two angles of one triangle are congruent to two angles of another triangle, then the 
triangles are similar.

Theorem 7.2 Side-Side-Side (SSS) Similarity (p. 479)
If the corresponding side lengths of two triangles are proportional, then the triangles 
are similar.

Theorem 7.3 Side-Angle-Side (SAS) Similarity (p. 479)
 If the lengths of two sides of one triangle are proportional to the lengths of two 

corresponding sides of another triangle and the included angles are congruent, then 
the triangles are similar.

Theorem 7.4 Properties of Similarity (p. 481)
Reflexive Property of Similarity �ABC ∼ �ABC

Symmetric Property of Similarity If �ABC ∼ �DEF, then �DEF ∼ �ABC.

Transitive Property of Similarity If �ABC ∼ �DEF and �DEF ∼ �XYZ,
then �ABC ~ �XYZ. 

Theorem 7.5 Triangle Proportionality Theorem (p. 490)
If a line is parallel to one side of a triangle and intersects the other two sides, then it 
divides the sides into segments of proportional lengths.

Theorem 7.6 Converse of the Triangle Proportionality Theorem (p. 491)
If a line intersects two sides of a triangle and separates the sides into proportional 
corresponding segments, then the line is parallel to the third side of the triangle.

Theorem 7.7 Triangle Midsegment Theorem (p. 491)
A midsegment of a triangle is parallel to one side of the triangle, and its length is one 
half the length of that side.

Corollary 7.1 Proportional Parts of Parallel Lines (p. 492)
If three or more parallel lines intersect two transversals, then they cut off the 
transversals proportionally.
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  Corollary 7.2 Congruent Parts of Parallel Lines (p. 493)
If three or more parallel lines cut off congruent segments on one transversal, then they 
cut off congruent segments on every transversal.

Theorem 7.8 (p. 501)  If two triangles are similar, the lengths of corresponding altitudes 
are proportional to the lengths of corresponding sides.

Abbreviation: ∼ �s have corr. altitudes proportional to corr. sides.

Theorem 7.9 (p. 501)  If two triangles are similar, the lengths of corresponding angle 
bisectors are proportional to the lengths of corresponding sides.

Abbreviation: ∼ �s have corr. ∠ bisectors proportional to corr. sides.

Theorem 7.10 (p. 501)  If two triangles are similar, the lengths of corresponding medians 
are proportional to the lengths of corresponding sides.

Abbreviation: ~ �s have corr. medians proportional to corr. sides.

Theorem 7.11 Triangle Angle Bisector (p. 504)
An angle bisector in a triangle separates the opposite side into two segments that are 
proportional to the lengths of the other two sides. 

Types of Dilations (p. 511)
A dilation with a scale factor greater than 1 produces an enlargement, or an image 
that is larger than the original figure. 

A dilation with a scale factor between 0 and 1 produces a reduction, an image that is 
smaller than the original figure.

Right Triangles and Trigonometry Chapter 8

Geometric Mean (p. 537)
The geometric mean of two positive numbers a and b is the number x such that   a _ 

x
   =   x _ 

b
  .

So x2 = ab and x =   
 √ � ab  .

Theorem 8.1 (p. 538) If the altitude is drawn to the hypotenuse of a right triangle, then 
the two triangles formed are similar to the original triangle and to each other.

Theorem 8.2 Geometric Mean (Altitude) Theorem (p. 539) The altitude drawn to the 
hypotenuse of a right triangle separates the hypotenuse into two segments. The 
length of this altitude is the geometric mean between the lengths of these two 
segments. 

Theorem 8.3 Geometric Mean (Leg) Theorem (p. 539) The altitude drawn to the 
hypotenuse of a right triangle separates the hypotenuse into two segments. The 
length of a leg of this triangle is the geometric mean between the length of the 
hypotenuse and the segment of the hypotenuse adjacent to that leg.

Theorem 8.4 Pythagorean Theorem (p. 547)
In a right triangle, the sum of the squares of the lengths of the legs is equal to the 
square of the length of the hypotenuse.

Theorem 8.5 Converse of the Pythagorean Theorem (p. 550)
If the sum of the squares of the lengths of the shortest sides of a triangle is equal to 
the square of the length of the longest side, then the triangle is a right triangle.

Theorem 8.6 (p. 550)  If the square of the length of the longest side of a triangle is less 
than the sum of the squares of the lengths of the other two sides, then the triangle is 
an acute triangle.
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Theorem 8.7 (p. 550)  If the square of the length of the longest side of a triangle is greater 
than the sum of the squares of the lengths of the other two sides, then the triangle is 
an obtuse triangle.

Distance and Midpoint Formulas in Space (p. 556)
If A has coordinates A(x1, y1, z1) and B has coordinates B(x2, y2, z2), 

then AB =  
 
 √ �������������   (x2 - x1)2 + (y2 - y1)2 + (z2 - z1)2  . The midpoint of   

−−
 AB  

has coordinates  (  
x1 + x2

 _ 
2
  ,   

y1 + y2
 _ 

2
  ,   

z1 + z2
 _ 

2
  ) . 

Theorem 8.8 45°-45°-90° Triangle Theorem (p. 558)
In a 45°-45°-90° triangle, the legs � are congruent and the length of the hypotenuse h 
is  

 
 √ � 2   times the length of a leg.

Theorem 8.9 30°-60°-90° Triangle Theorem (p. 560)
In a 30°-60°-90° triangle, the length of the hypotenuse h is 2 times the length of the 
shorter leg s, and the longer leg � is  

 
 √ � 3   times the length of the shorter leg.

Trigonometric Ratios (p. 568)
If �ABC is a right triangle with acute ∠A, then the sine of ∠A (written sin A) is the 
ratio of the length of the leg opposite ∠A (opp) to the length of the hypotenuse (hyp).

If �ABC is a right triangle with acute ∠A, then the cosine of ∠A (written cos A) is the 
ratio of the length of the leg adjacent ∠A (adj) to the length of the hypotenuse (hyp).

If �ABC is a right triangle with acute ∠A, then the tangent of ∠A (written tan A) is 
the ratio of the length of the leg opposite ∠A (opp) to the length of the leg adjacent 
∠A (adj).

Inverse Trigonometric Ratios (p. 571)
If ∠A is an acute angle and the sine of A is x, then the inverse sine of x is the measure 
of ∠A.

If ∠A is an acute angle and the cosine of A is x, then the inverse cosine of x is the 
measure of ∠A.

If ∠A is an acute angle and the tangent of A is x, then the inverse tangent of x is 
the measure of ∠A.

Reciprocal Trigonometric Ratios (p. 578)
The cosecant of ∠A (written csc A) is the reciprocal of sin A.

The secant of ∠A (written sec A) is the reciprocal of cos A.

The cotangent of ∠A (written cot A) is the reciprocal of tan A.

Theorem 8.10 Law of Sines (p. 588)
If �ABC has lengths a, b, and c, representing the lengths of the sides opposite 

the angles with measures A, B, and C, then   sin A _ 
a
  a=   sin B _ 

b
   =   sin C _ 

c
  .

Theorem 8.11 Law of Cosines (p. 589)
If �ABC has lengths a, b, and c, representing the lengths of the sides opposite 

the angles with measures A, B, and C, then a2 = b2 + c2 - 2bc cos A, 

b2 = a2 + c2 - 2ac cos B, and c2 = a2 + b2 - 2ab cos C.

Vector Addition (p. 601)
Parallelogram Method Place both vectors at the same initial point and complete the 
parallelogram. The resultant is the diagonal of the parallelogram.

Triangle Method Place the initial point of the second vector at the terminal point of 
the first. The resultant connects the initial point of the first vector and the terminal 
point of the second. 
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  Vector Operations (p. 603)
If 〈a, b〉 and 〈c, d〉 are vectors and k is a scalar, then the following are true. 

Vector Addition 〈a, b〉 + 〈c, d〉 = 〈a + c, b + d〉

Vector Subtraction 〈a, b〉 - 〈c, d〉 = 〈a - c, b - d〉

Scalar Multiplication k〈a, b〉 = 〈ka, kb〉

Transformations and Symmetry Chapter 9

Reflection in a Line (p. 623)
A reflection in a line maps a point to its image such that if the point is on the line, 
then the image and preimage are the same point, or if the point does not lie on the 
line, the line is the perpendicular bisector of the segment joining the two points.

Reflection in the x- or y-axis (p. 625)
Reflections in the x-axis To reflect a point in the x-axis, multiply its y-coordinate by -1.

Reflections in the y-axis To reflect a point in the y-axis, multiply its x-coordinate by -1.

Reflection in Line y = x (p. 626)
To reflect a point in the line y = x, interchange the x- and y-coordinates.

Translation (p. 632)
A translation maps each point to its image along a vector, called the translation vector, 
such that each segment joining a point and its image has the same length as the 
vector, and this segment is also parallel to the vector.

Translation in the Coordinate Plane (p. 633)
To translate a point along vector 〈a, b〉, add a to the x-coordinate and b to the 
y-coordinate.

Rotation (p. 640)
A rotation about a fixed point, called the center of rotation, through an angle of x° 
maps a point to its image such that if the point is the center of rotation, then the 
image and preimage are the same point, or if the point is not the center of rotation, 
then the image and preimage are the same distance from the center of rotation and 
the measure of the angle of rotation formed by the preimage, center of rotation, and 
image points is x.

Rotations in the Coordinate Plane (p. 641)
90° Rotation To rotate a point 90° counterclockwise about the origin, multiply the 
y-coordinate by -1 and then interchange the x- and y-coordinates. 

180° Rotation To rotate a point 180° counterclockwise about the origin, multiply the 
x- and y-coordinates by -1. 

270° Rotation To rotate a point 270° counterclockwise about the origin, multiply the 
x-coordinate by -1 and then interchange the x- and y-coordinates. 

Theorem 9.1 Composition of Isometries (p. 652)
The composition of two (or more) isometries is an isometry. 

Theorem 9.2 Reflections in Parallel Lines (p. 652)
The composition of two reflections in parallel lines can be described by a translation 
vector that is perpendicular to the two lines, and twice the distance between the 
two lines.

Theorem 9.3 Reflections in Intersecting Lines (p. 653)
The composition of two reflections in intersecting lines can be described by a rotation 
about the point where the lines intersect and through an angle that is twice the 
measure of the acute or right angle formed by the lines.
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Line Symmetry (p. 663)
A figure in the plane has line symmetry (or reflection symmetry) if the figure can be 
mapped onto itself by a reflection in a line, called a line of symmetry (or axis 
of symmetry).

Rotational Symmetry (p. 664)
A figure in the plane has rotational symmetry (or radial symmetry) if the figure can be 
mapped onto itself by a rotation between 0° and 360° about the center of the figure, 
called the center of symmetry (or point of symmetry).

Three-Dimensional Symmetries (p. 665)

Plane Symmetry A three dimensional figure has plane symmetry if the figure can be 
mapped onto itself by a reflection in a plane. 

Axis Symmetry A three dimensional figure has axis symmetry if the figure can be 
mapped onto itself by a rotation between 0° and 360° in a line.

Dilation (p. 674)
A dilation with center C and positive scale factor r, r ≠ 1, maps a point P in a figure to 
its image such that if point P and C coincide, then the image and preimage are the same

point, or if point P is not the center of dilation, then P' lies on  
 
 ��� CP   and CP' = r(CP).

Dilations in the Coordinate Plane (p. 676)
To find the coordinates of an image after a dilation centered at the origin, multiply the 
x- and y-coordinates of each point on the preimage by the scale factor of the dilation, r.

Circles Chapter 10

Special Segments in a Circle (p. 697)
A radius (plural radii) is a segment with endpoints at the center and on the circle.

A chord is a segment with endpoints on the circle.

A diameter of a circle is a chord that passes through the center and is made up of 
collinear radii.

Circle Pairs (p. 698)
Two circles are congruent circles if and only if they have congruent radii.

All circles are similar.

Concentric circles are coplanar circles that have the same center.

Circumference (p. 699)
If a circle has diameter d or radius r, the circumference C equals the diameter times pi 
or twice the radius times pi. 

Sum of Central Angles (p. 706)
The sum of the measures of the central angles of a circle with no interior points in 
common is 360.

Arcs and Arc Measure (p. 707)
The measure of a minor arc is less than 180° and equal to the measure of its related 
central angle.

The measure of a major arc is greater than 180° and equal to 360° minus the measure 
of the minor arc with the same endpoints.

The measure of a semicircle is 180°. 

Theorem 10.1 (p. 707) In the same circle or in congruent circles, two minor arcs are 
congruent if and only if their central angles are congruent.

Postulate 10.1 (p. 708) The measure of an arc formed by two adjacent arcs is the sum of 
 the measures of the two arcs.
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  Arc Length (p. 709)
The ratio of the length of an arc � to the circumference of the circle is equal to the ratio 
of the degree measure of the arc to 360.

Theorem 10.2 (p. 715) In the same circle or in congruent circles, two minor arcs are 
congruent if and only if their corresponding chords are congruent.

Theorem 10.3 (p. 716)  If a diameter (or radius) of a circle is perpendicular to a chord, 
then it bisects the chord and its arc.

Theorem 10.4 (p. 716)  The perpendicular bisector of a chord is a diameter (or radius) of 
the circle.

Theorem 10.5 (p. 717) In the same circle or in congruent circles, two chords are congruent
if and only if they are equidistant from the center.

Theorem 10.6 Inscribed Angle Theorem (p. 723)
If an angle is inscribed in a circle, then the measure of the angle equals one half the 
measure of its intercepted arc.

Theorem 10.7 (p. 724) If two inscribed angles of a circle intercept the same arc or 
congruent arcs, then the angles are congruent.

Theorem 10.8 (p. 725) An inscribed angle of a triangle intercepts a diameter or semicircle 
if and only if the angle is a right angle. 

Theorem 10.9 (p. 726) If a quadrilateral is inscribed in a circle, then its opposite angles 
are supplementary. 

Theorem 10.10 (p. 733) In a plane, a line is tangent to a circle if and only if it is 
perpendicular to a radius drawn to the point of tangency.

Theorem 10.11 Tangent to a Circle (p. 734)
If two segments from the same exterior point are tangent to a circle, then they are 
congruent.

Theorem 10.12 (p. 741) If two secants or chords intersect in the interior of a circle, then 
the measure of an angle formed is one half the sum of the measure of the arcs 
intercepted by the angle and its vertical angle.

Theorem 10.13 (p. 742) If a secant and a tangent intersect at the point of tangency, then 
the measure of each angle formed is one half the measure of its intercepted arc.

Theorem 10.14 (p. 743) If two secants, a secant and a tangent, or two tangents intersect in 
the exterior of a circle, then the measure of the angle formed is one half the difference 
of the measures of the intercepted arcs.

Theorem 10.15 Segments of Chords Theorem (p. 750)
If two chords intersect in a circle, then the products of the lengths of the chord 
segments are equal.

Theorem 10.16 Secant Segments Theorem (p. 752)
If two secants intersect in the exterior of a circle, then the product of the measures of 
one secant segment and its external secant segment is equal to the product of the 
measures of the other secant and its external secant segment.

Theorem 10.17 (p. 752) If a tangent and a secant intersect in the exterior of a circle, then 
the square of the measure of the tangent is equal to the product of the measures of the 
secant and its external secant segment.

Standard Form of the Equation of a Circle (p. 757)
The standard form of the equation of a circle with center at (h, k) and radius r is 
(x - h)2 + (y - k)2 = r2.
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Areas of Polygons and Circles Chapter 11

Postulate 11.1 Area Addition Postulate (p. 779)
The area of a region is the sum of the areas of its nonoverlapping parts.

Area of a Parallelogram (p. 779)
The area A of a parallelogram is the product of a base b and its corresponding height h.

Postulate 11.2 Area Congruence Postulate (p. 781)
If two figures are congruent, then they have the same area.

Area of a Triangle (p. 781)
The area A of a triangle is one half the product of a base b and its corresponding 
height h.

Area of a Trapezoid (p. 789)
The area A of a trapezoid is one half the product of the height h and the sum of its 
bases, b1 and b2.

Area of a Rhombus or Kite (p. 791)
The area A of a rhombus or kite is one half the product of the lengths of its diagonals, 
d1 and d2.

Area of a Circle (p. 798)
The area A of a circle is equal to π times the square of the radius r.

Area of a Sector (p. 799)
The ratio of the area A of a sector to the area of the whole circle, πr2, is equal to the 
ratio of the degree measure of the intercepted arc x to 360.

Area of a Regular Polygon (p. 808)
The area A of a regular n-gon with side length s is one half the product of the 
apothem a and perimeter P.

Theorem 11.1 Areas of Similar Polygons (p. 818)
If two polygons are similar, then their areas are proportional to the square of the scale 
factor between them.

Extending Surface Area and Volume Chapter 12

Lateral Area of a Prism (p. 846)
The lateral area L of a right prism is L = Ph, where h is the height of the prism and 
P is the perimeter of each base.

Surface Area of a Prism (p. 847)
The surface area S of a right prism is S = L + 2B, where L is its lateral area and 
B is the area of each base.

Areas of a Cylinder (p. 848)
Lateral Area The lateral area L of a right cylinder is L = 2πrh, where r is the radius of 
a base and h is the height.

Surface Area of a Cylinder The surface area S of a right cylinder is S = 2πrh + 2πr2, 
where r is the radius of a base and h is the height. 

Lateral Area of a Regular Pyramid (p. 854)
The lateral area L of a regular pyramid is L =

1_
2

P�, where � is the slant height and P is
the perimeter of the base. 

Surface Area of a Regular Pyramid (p. 855)
The surface area S of a regular pyramid is S =

1_
2

P� + B, where P is the perimeter of 

the base, � is the slant height, and B is the area of the base.
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  Lateral Area of a Cone (p. 857)
The lateral area L of a right circular cone is L = πr�, where r is the radius of the base 
and � is the slant height.

Surface Area of a Cone (p. 857)
The surface area S of a right circular cone is S = πr� + πr2, where r is the radius of the 
base and � is the slant height.

Volume of a Prism (p. 863)
The volume V of a prism is V = Bh, where B is the area of a base and h is the height of 
the prism.

Volume of a Cylinder (p. 864)
The volume V of a cylinder is V = Bh or V = πr2h, where B is the area of the base, h is 
the height of the cylinder, and r is the radius of the base.

Cavalieri’s Principle (p. 864)
If two solids have the same height h and the same cross-sectional area B at every level, 
then they have the same volume.

Volume of a Pyramid (p. 873)
The volume of a pyramid is V =   1 _ 

3
  Bh, where B is the area of the base and h is the 

height of the pyramid.

Volume of a Cone (p. 874)
The volume of a circular cone is V =   1 _ 

3
  Bh or V =   1 _ 

3
  πr2h, where B is the area of the 

base, h is the height of the cone, and r is the radius of the base.

Surface Area of a Sphere (p. 880)
The surface area S of a sphere is S = 4πr2, where r is the radius.

Volume of a Sphere (p. 882)
The volume V of a sphere is V =   4 _ 

3
  πr3, where r is the radius of the sphere. 

Similar Solids (p. 896)
Two solids are similar if they have the same shape and the ratios of their 
corresponding linear measures are equal.

Theorem 12.1 (p. 897)  If two similar solids have a scale factor of a :b, then the surface 
 areas have a ratio of a2:b2, and the volumes have a ratio of a3:b3.

Probability and Measurement Chapter 13

Fundamental Counting Principle (p. 917)
All possible outcomes in a sample space can be found by multiplying the number of 
possible outcomes from each stage or event.

Factorial (p. 922)
The factorial of a positive integer n, written n!, is the product of the integers less than 
or equal to n.

Permutations (p. 923)
The number of permutations of n distinct objects taken r at a time is denoted 

by nPr and given by nPr =   n!
 _ 

(n - r)!
  .

Permutations with Repetition (p. 924)
The number of distinguishable permutations of n objects in which one object is 
repeated r1 times, another is repeated r2 times, and so on, is

  n!
 __  

r1! · r2! · … · rk
  .
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Circular Permutations (p. 925)
The number of distinguishable permutations of n objects arranged in a circle with no 
fixed reference point is 

  n!
 _ n   or (n - 1)!.

Combinations (p. 926)
The number of combinations of n distinct objects taken r at a time is denoted 

by nCr and is given by nCr =   n!
 _ 

(n - r)!r!
  .

Length Probability Ratio (p. 931)
If a line segment (1) contains another segment (2) and a point on segment (1) is 
chosen at random, then the probability that the point is on segment (2) is 

  
length of segment (2)

  __  
length of segment (1)

  .

Area Probability Ratio (p. 932)
If a region A contains a region B and a point E in region A is chosen at random, then 

the probability that point E is in region B is   
area of region B

  __  
area of region A

  .

Designing a Simulation (p. 939)
Step 1 Determine each possible outcome and its theoretical probability.

Step 2 State any assumptions

Step 3 Describe an appropriate probability model for the situation.

Step 4  Define what a trial is for the situation and state the number of trials to be 
conducted.

Calculating Expected Value (p. 941)
Step 1 Multiply the value of X by its probability of occurring.

Step 2 Repeat Step 1 for all possible values of X.

Step 3 Find the sum of the results.

Probability of Two Independent Events (p. 948)
The probability that two independent events both occur is the product of the 
probabilities of each individual event.

Probability of Two Dependent Events (p. 949)
The probability that two dependent events both occur is the product of the probability 
that the first event occurs and the probability that the second event occurs after the 
first event has already occurred.

Conditional Probability (p. 950)
The conditional probability of B given A is P(B � A) =   

P(A and B)
 _ 

P(A)
  , where P(A) ≠ 0.

Probability of Mutually Exclusive Events (p. 957)
If two events A and B are mutually exclusive, then the probability that A or B occurs 
is the sum of the probabilities of each individual event.

Probability of Events That Are Not Mutually Exclusive (p. 958)
If two events A and B are not mutually exclusive, then the probability that A or B 
occurs is the sum of their individual probabilities minus the probability that both 
A and B occur.

Probability of the Complement of an Event (p. 959)
The probability that an event will not occur is equal to 1 minus the probability that 
the event will occur.
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