
GEOMETRY          Conditional Statements (2.1) 
 
Goal:  Use “Reasoning” to determine if “Statements” have “Valid Conclusions”. 
 Make “Definitions” from “Statements with Valid Conclusions”. 
Why:  Use Definitions as “Shortcuts for Measuring”. 
 
DEDUCTIVE REASONING: Start with true statements and infer or deduce another statement. 
 

CONDITIONAL STATEMENT    CONVERSE STATEMENT 
IF P THEN Q       IF Q THEN P 

- meaning P implies Q     - meaning Q implies P  
 
- P is the Hypothesis; Q is the Conclusion  - Q is the hypothesis; P is the Conclusion 
_____________________________________________________________________________ 
EXAMPLE 1  STATEMENT:   Perpendicular lines form right angles.   
 
CONDITIONAL      CONVERSE 
IF two lines are perpendicular,     IF two lines form right angles,  
THEN they form right angles.    THEN the two lines are perpendicular 
 
“TRUE” or “FALSE”      “TRUE” or “FALSE” 
________________________________________________________________________________ 

PRACTICE 1:   Write a Conditional Statement and a Converse Statement. 
    Then identify the Hypothesis with an H, and the Conclusion with a C   

Statement:  Two lines that form 90 degree angles are perpendicular lines.  
 
Conditional:  _______________________  Converse: ______________________ 
 
   _______________________    ______________________  
 
   True or False      True or False 
_____________________________________________________________________________  
NEGATION:  It’s the opposite of the original statement.   
Statement: p      Negation:  Not p  
Statement:  The ball is red.    Negation: The ball is NOT red  
Statement:  The cat is not black.   Negation:  The cat is black. 

 
PRACTICE 2:  Write a Negation Statement 
 
1. The shirt is green. ______________  2. The shoes are not red.  _______________ 

 
3. The pants are white. _______________  4.  A number is less than 6. _______________   
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 Writing Related Conditional Statements

Let p be “you are a guitar player” and let q be “you are a musician.” Write each 
statement in words. Then decide whether it is true or false.

a. the conditional statement p → q

b. the converse q → p

c. the inverse ∼p → ∼q

d. the contrapositive ∼q → ∼p

SOLUTION

a. Conditional: If you are a guitar player, then you are a musician.
true; Guitar players are musicians.

b. Converse: If you are a musician, then you are a guitar player.
false; Not all musicians play the guitar.

c. Inverse: If you are not a guitar player, then you are not a musician.
false; Even if you do not play a guitar, you can still be a musician.

d. Contrapositive: If you are not a musician, then you are not a guitar player. 
true; A person who is not a musician cannot be a guitar player.
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In Exercises 3 and 4, write the negation of the statement.

 3. The shirt is green.  4. The shoes are not red.

 5. Repeat Example 3. Let p be “the stars are visible” and let q be “it is night.” 

Core Core ConceptConcept
Related Conditionals
Consider the conditional statement below.

Words  If p, then q. Symbols p → q

Converse  To write the converse of a conditional statement, exchange the 
hypothesis and the conclusion. 

Words  If q, then p.  Symbols q → p

Inverse  To write the inverse of a conditional statement, negate both the 
hypothesis and the conclusion.

Words  If not p, then not q. Symbols ∼p → ∼q

Contrapositive  To write the contrapositive of a conditional statement, fi rst 
write the converse. Then negate both the hypothesis and 
the conclusion. 

Words  If not q, then not p. Symbols ∼q → ∼p

A conditional statement and its contrapositive are either both true or both false. 
Similarly, the converse and inverse of a conditional statement are either both true 
or both false. In general, when two statements are both true or both false, they are 
called equivalent statements.

COMMON ERROR
Just because a conditional 
statement and its 
contrapositive are both 
true does not mean that 
its converse and inverse 
are both false. The 
converse and inverse could 
also both be true.
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68 Chapter 2  Reasoning and Proofs

Using Defi nitions
You can write a defi nition as a conditional statement in if-then form or as its converse. 
Both the conditional statement and its converse are true for defi nitions. For example, 
consider the defi nition of perpendicular lines.

If two lines intersect to form a right angle, then they are 
perpendicular lines. 

You can also write the defi nition using the converse: If 
two lines are perpendicular lines, then they intersect to 
form a right angle.

You can write “lineℓ is perpendicular to line m” asℓ⊥ m.

 Using Defi nitions

Decide whether each statement about the diagram is true. 
Explain your answer using the defi nitions you have learned.

a.  ⃖ ##⃗ AC   ⊥  ⃖ ##⃗ BD 

b. ∠AEB and ∠CEB are a linear pair.

c. ###⃗ EA   and  ###⃗ EB   are opposite rays.

SOLUTION

a. This statement is true. The right angle symbol in the diagram indicates that the 
lines intersect to form a right angle. So, you can say the lines are perpendicular.

b. This statement is true. By defi nition, if the noncommon sides of adjacent angles 
are opposite rays, then the angles are a linear pair. Because  ###⃗ EA   and  ###⃗ EC  are 
opposite rays, ∠AEB and ∠CEB are a linear pair.

c. This statement is false. Point E does not lie on the same line as A and B, so the 
rays are not opposite rays.
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Use the diagram. Decide whether the statement is true. Explain your answer 
using the defi nitions you have learned.

H

F

J

M

G

 6. ∠JMF and ∠FMG are supplementary.

 7. Point M is the midpoint of  — FH  .

 8. ∠JMF and ∠HMG are vertical angles.

 9.  ⃖ ##⃗ FH  ⊥  ⃖ ##⃗ JG   

m

⊥m

CA

D

E

B

66 Chapter 2  Reasoning and Proofs

2.1 Lesson What You Will LearnWhat You Will Learn
 Write conditional statements.

 Use defi nitions written as conditional statements.

 Write biconditional statements.

 Make truth tables.

Writing Conditional Statements

 Rewriting a Statement in If-Then Form

Use red to identify the hypothesis and blue to identify the conclusion. Then rewrite the 
conditional statement in if-then form.

a. All birds have feathers. b. You are in Texas if you are in Houston.

SOLUTION

a. All birds have feathers. b. You are in Texas if you are in Houston.

 If an animal is a bird,   If you are in Houston,
  then it has feathers.  then you are in Texas.
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Use red to identify the hypothesis and blue to identify the conclusion. Then 
rewrite the conditional statement in if-then form.

 1. All 30° angles are acute angles. 2. 2x + 7 = 1, because x = −3.

 Writing a Negation

Write the negation of each statement.

a. The ball is red.  b. The cat is not black.

SOLUTION

a. The ball is not red.  b. The cat is black.

conditional statement, p. 66
if-then form, p. 66
hypothesis, p. 66
conclusion, p. 66
negation, p. 66
converse, p. 67
inverse, p. 67
contrapositive, p. 67
equivalent statements, p. 67
perpendicular lines, p. 68
biconditional statement, p. 69
truth value, p. 70
truth table, p. 70

Core VocabularyCore Vocabullarry

Core Core ConceptConcept

Core Core ConceptConcept

Conditional Statement
A conditional statement is a logical statement that has two parts, a hypothesis p 
and a conclusion q. When a conditional statement is written in if-then form, the 
“if” part contains the hypothesis and the “then” part contains the conclusion. 

Words If p, then q.  Symbols p → q (read as “p implies q”)

Negation
The negation of a statement is the opposite of the original statement. To write the 
negation of a statement p, you write the symbol for negation (∼) before the letter. 
So, “not p” is written ∼p.

Words not p Symbols ∼p



CONDITIONAL STATEMENT    CONVERSE STATEMENT 

IF P THEN Q       IF Q THEN P   
- meaning P implies Q     - meaning Q implies P 
- P is the Hypothesis; Q is the Conclusion  - Q is the Hypothesis; P is the Conclusion 
 
INVERSE STATEMENT    CONTRAPOSITIVE STATEMENT 

IF NOT P THEN NOT Q   IF NOT Q THEN NOT P   
- meaning P implies Q     - meaning Q implies P 
- P is the Hypothesis; Q is the Conclusion  - Q is the Hypothesis; P is the Conclusion 
______________________________________________________________________________  
Statement:   Guitar players are musicians 
 
Conditional:   If you are a guitar player,    Converse:   If you are a musician, 

then you are a musician.     then you are a guitar player. 
“True”        “False” 

 
Inverse  If you are NOT a guitar player,  Contrapositive:  If you are NOT a musician, 
   then you are not a musician     then you are not a guitar player. 
   “False”        “True” 
 
Which ones have the same “Truth Value”: ___________________________________  
 
________________________________________________________________________________  

BICONDITIONAL STATEMENT: “IF AND ONLY IF” STATEMENT:  

 
                 Will be TRUE; when both the CONDITIONAL and its CONVERSE are BOTH “TRUE” 
 

Conditional:  If two lines form 90 degree angles, Converse: If two lines are perpendicular, 
 then they are perpendicular lines.   then they form 90 degree angles  

   True        True 
 
Bi-conditional: Two lines intersect to form 90 degree angles if and only if they form perpendicular lines. True 

 
_________________________________________________________________________________ 
                 GOOD DEFINITIONS:  Statements for which the Conditional and Converse are both True. 
          
Statement:   Two lines that form 90 degree angles are perpendicular lines.  (a good definition) 
 
Conditional:  If two lines form 90 degree angles, Converse: If two lines are perpendicular, 

 then they are perpendicular lines.   then they form 90 degree angles  
   True        True  
 
Biconditional: Two lines intersect to form 90 degree angles if and only if they form perpendicular lines. True 

A good definition…. 
______________________________________________________________________________ 
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In Exercises 3 and 4, write the negation of the statement.
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Writing Biconditional Statements

 Writing a Biconditional Statement

Rewrite the defi nition of perpendicular lines as a single biconditional statement.

Defi nition  If two lines intersect to form a right angle, then they are 
perpendicular lines.

SOLUTION

Let p be “two lines intersect to form a right angle”  

t

s

s⊥t

and let q be “they are perpendicular lines.” 
Use red to identify p and blue to identify q. 
Write the defi nition p → q. 

Defi nition  If two lines intersect to form a right angle, 
then they are perpendicular lines.

Write the converse q → p. 

Converse  If two lines are perpendicular lines, then 
they intersect to form a right angle.

Use the defi nition and its converse to write the biconditional statement p ↔ q.

 Biconditional  Two lines intersect to form a right angle if and only if they are 
perpendicular lines.
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 10. Rewrite the defi nition of a right angle as a single biconditional statement.

  Defi nition If an angle is a right angle, then its measure is 90°.

 11. Rewrite the defi nition of congruent segments as a single biconditional statement.

  Defi nition  If two line segments have the same length, then they are 
congruent segments.

 12. Rewrite the statements as a single biconditional statement.

  If Mary is in theater class, then she will be in the fall play. If Mary is in the fall 
play, then she must be taking theater class.

 13. Rewrite the statements as a single biconditional statement.

  If you can run for President, then you are at least 35 years old. If you are at least 
35 years old, then you can run for President. 

Core Core ConceptConcept
Biconditional Statement
When a conditional statement and its converse are both true, you can write them 
as a single biconditional statement. A biconditional statement is a statement that 
contains the phrase “if and only if.”

Words p if and only if q Symbols p ↔ q

Any defi nition can be written as a biconditional statement.


