@ You used logic and
Venn diagrams to
determine truth
values of negations,
conjunctions, and
disjunctions.
(Lesson 2-2)

@] NewVocabulary

conditional statement
if-then statement
hypothesis

conclusion

related conditionals
converse

inverse

contrapositive
logically equivalent

F

Tennessee
Curriculum Standards

CLE 3108.4.3 Develop an
understanding of the tools of
logic and proof, including
aspects of formal logic as well
as construction of proofs.

v 3108.4.15 Identify, write,
and interpret conditional and
bi-conditional statements
along with the converse,
inverse, and contra-positive of
a conditional statement.

v 3108.4.16 Analyze and
create fruth tables to evaluate
conjunctions, disjunctions,
conditionals, inverses, contra-
positives, and bi-conditionals.
Also addresses v 3108.4.17.

® Analyze statements

Wh

@ Call centers route calls to the
appropriate departments using
menus that allow callers to choose
from a number of options. The
recorded directions are frequently
in the form of conditional
statements.

in if-then form.

Write the converse,
inverse, and
contrapositive of
if-then statements.

o |

If-Then Statements A conditional statement is a statement that can be written in
if-then form. The direction given below is an example of a conditional statement.

If you would like to speak to a representative, then you will press 0 now.

KeyConcept Conditional Statement
Words Symbols Model
— ] p—=q
An if-then statement is of the form read if p then g,
if p, then q. or p implies q
q
The hypothesis of a conditional
statement is the phrase immediately p
following the word if
The conclusion of a conditional p—q
statement is the phrase immediately q
following the word then.
\_ —_—

When a conditional statement is written as an if-then statement, you can quickly identify
its hypothesis and conclusion.

nd Conclusior

[ FET]3 Ch ldentifyithe HYpothesis
Identify the hypothesis and conclusion of each conditional statement.

a. If the forecast is rain, then I will take an umbrella.

Hypothesis: The forecast is rain.
Conclusion: 1 will take an umbrella.

b. A number is divisible by 10 if its last digit is a 0.
Hypothesis: The last digit of a number is zero.
Conclusion: The number is divisible by 10.

b GuidedPractice

1A. If a polygon has six sides, then it is a hexagon.

1B. Another performance will be scheduled if the first one is sold out.
.
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using the words ifand then. 1, | .___

. rithout 3
weritten ™ and conclusion.

iti tatements are ;
Many conditional s identify the hypothesm

these statements in if-then form,

- Nednesday’s deadline
- ) ) turned in after V 3
. from any paper —
ReadingMath Fomts will be deductecll 0 Y\P {Si
n— esis
If and Then The word ifis Conclusion L
not part of the hypothesis. ill be deductey

The word then is not part of

: ints w
If a paper is turned in after Wednesday’s deadline, then po
the conclusion,

Remember, the conclusion depends upon the hypothesis.

en rorm

Conditional in It

Example 2 /i)

. . itional statement. b
Identify the hypothesis and conclusion for each condition The: "
the statement in if-then form.

a. A mammal is a warm-blooded animal.
Hypothesis: An animal is a mammal.
Conclusion: It is warm-blooded.

If an animal is a mammal, then it is warm-blooded.

b. A prism with bases that are regular polygons is a regular prism.
Hypothesis: A prism has bases that are regular polygons.
Conclusion: It is a regular prism.
If a prism has bases that are regular polygons, then it is a regular prism.

P GuidedPractice
2A. Four quarters can be exchanged for a $1 bill.

2B. The sum of the measures of two supplementary angles is 180.
\

The hypothesis and the conclusion of a conditional statement can have a truth value of
true or false, as can the conditional statement itself. Consider the following conditional.

If Tom finishes his homework, then he will clean his room.

Hypothesis

Conclusion

Conditional

Tom finishes his Tom cleans It Tom finishes his homework,
homework. his room, then he will clean his room.
. If Tom does finish his homework and he
T T does clean his room, then the conditional
is true,
I Tom does not clean his room after he
T F F does finish his homewaork, then he has
not fulfilled his promise and the
- conditional is false.
T ? | The conditional only indicates what will
| | . - , :appen it Tom does finish his homework.
| [eE————CEL o 2 € could clean his room or not clean his
[ ReadingMath room if he does not finish his homework.
. |.. Not False If a statement is When the hvpoth B
§ not false, logic dictates that it en the hiypothesis of a conditional is ot
| ‘ mu‘st'be true. determined. When the truth of a conditionaln;tzt, the truth of 2 conditional cannot b
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" considered true by default.

tement cannot be determined, it is



The results from the previous page can be used to create a truth table for conditional
statements.
" Conditional Statements — N
ditidual.S atems Notice too that when a
hypothesis is false, the
- T T conditional will always
Notice that a conditional F : be considered true,
is false oply when its /4 / regardless of whether
hypothesis is true and F T T 4% | the conclusion is true
‘ its conclusion i
WatchO ut! clusion is false. F F T % |orfase. ]
Ana]yzmglC(;g;l:?:r::\gitional ?tl’o show that a conditional is true, you must show that for each case when the hypothesis
:msgtatrr\;ltfdetermine 1 ;s t(riue, the conditional is also true. To show that a conditional is false, you need only to
o ind on
O eier the argument makes e counterexample.
sense. Instead, analyze the
form of the argument to 361117153 Truth Values of Conditionals
determine whether the
conclusion follows logically Determine the truth value of each conditional statement. If true, explain your
| from the hypothesis. reasoning, If false, give a counterexample.
| it

| ; a. If you divide an integer by another integer, the result is also an integer.

Counterexample: When you divide 1 by 2, the result is 0.5.
| Since 0.5 is not an integer, the conclusion is false.
Since you can find a counterexample, the conditional statement is false.

b. If next month is August, then this month is July.

When the hypothesis is true, the conclusion is also true, since August is the month
that follows July. So, the conditional statement is true.

c. If a triangle has four sides, then it is concave.
The hypothesis is false, since a triangle can never have four sides. A conditional
with a false hypothesis is always true.

D GuidedPractice
3A. If ZA is an acute angle, thenmZA is 35.  3B. If vx = —1, then (-1)? = -1

\. _
Related Conditionals There are other statements that are based on a given
conditional statement. These are known as related conditionals.

Ll(ayConcept Related Conditionals ~a g3
: © Words Symbols Examples

A conditional statement is a statement that N If mzAis 35, then ZAis
can be written in the form if p, then q. P=>q an acute angle.

The Goriverse is formed by exchanging the 3 If ZAis an acute angle,
hypothesis and conclusion of the conditional. q=p then mZAis 35.

The ffiverse is formed by negating both the P If m£Ais not 35, then ZA
hypothesis and conclusion of the conditional. p=~q is notan acute angle.

The Eontrapositive is formed by negating ,

both the hypothesis and the conclusion of the ~G = ~p If ZAis notan acute angle,
converse of the conditional. then mZAis not 35.

A\

— e /

i
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Real-WorldLink

Cats in the genus Panthera
include the leopard, jaguar,
lion, and tiger. These are the
only cats that can roar. They
cannot, however, purr.

Source: Encyclopaedia Bnitannica

ue or both false. Similarly, the

either both tr both false. Statements v

i i ositive are
A conditional and its contrap o either b oth true or

{ inverse of a conditional ar :
converse and Tl equlvalerlt-

the same truth values are said to be logl
/’—"-—'ﬂ‘_’_—__\,
KeyConcept Logically Equivalent Statements _______———"— |

o A conditional and its contrapositve are logically equivalent.
nal are logically equivalent.

e The converse and inverse of a conditio

\

. true.
If a conditional is true, the converse may or may not be

lue of statements. Notice that ir

e : i the true va
You can use logical equivalence to check - true. Also, both the convers

Example 4, both the conditional and contrapositive a
inverse are false.

SN 1

DR L senTa1) Related Conditionals:

NATURE Wrrite the converse, inverse, and contraposit : v |
statement. Then use the information at the left to determine whether each relai

conditional is true or false. If a statement is false, find a counterexample.

ive of the following true

Lions are cats that can roar.
Conditional: First, rewrite the conditional in if-then form.
If an animal is a lion, then it is a cat that can roar.

Based on the information at the left, this statement is true.

Converse: If an animal is a cat that can roar, then it is a lion.

Counterexample: A tiger is a cat that can roar, but it is not a lion.

Therefore, the converse is false.

Inverse: If an animal is not a lion, then it is not a cat that can roar.
Counterexample: A tiger is not a lion, but it is a cat that can roar.

Therefore, the inverse is false.

Contrapositive: If an animal is not a cat that can roar, then it is not a lion.

Based on the information at the left, this statement is true.

CHECK Check to see that logically equivalent statements have the same
truth value.

Both the conditional and contrapositive are true. v

Both the converse and inverse are false. v

r GuidedPractice

Write th.e converse, inverse, and contrapositive of each trye conditional statement.
]?etermme whether each related conditional s true or false. If stal 1
find a counterexample. - 1 a statement is false,

4A. Two angles that have the same measure are congruent

4B. A hamster is a rodent.

.
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= Step-hy-Step Solutions begin on page R20.

Example 1 Identify the hypothesis and conclusion of each conditional statement.

Check Your Understanding

1. If today is Friday, then tomorrow is Saturday.
2. If2x+5>7,thenx > 1.
3. If two angles are supplementary, then the sum of the measures of the angles is 180.

4. If two lines form right angles, then the lines are perpendicular.

Example 2 Write each statement in if-then form.
@ Sixteen-year-olds are eligible to drive.
6. Cheese contains calcium.
7. The measure of an acute angle is between 0 and 90.

8. Equilateral triangles are equiangular.

9. WEATHER Various kinds of precipitation form under different conditions. Write the
three conditionals below in if-then form.

a. Moisture in the air condenses and falls to form rain.
b. Supercooled moisture in cumulonimbus clouds forms hail.

¢. When the temperature is freezing in all or most of the atmosphere, precipitation
falls as snow.

Example 3  Determine the truth value of each conditional statement. If true, explain your reasoning.
If false, give a counterexample.

10. If x> = 16, then x = 4.

11. If you live in Charlotte, then you live in North Carolina.
12. If tomorrow is Friday, then today is Thursday.

13. If an animal is spotted, then itis a Dalmatian.

14. If the measure of a right angle is 95, then bees are lizards.

15. If pigs can fly, then2 + 5 =7.

Example 4 Write the converse, inverse, and contrapositive of each true conditional statement.
Determine whether each related conditional is true or false. If a statement is false,
find a counterexample.

16. If a number is divisible by 2, then it is divisible by 4.

17. All whole numbers are integers

Practice and Problem Solving Extra Practice begins on page 969.

Example 1 Identify the hypothesis and conclusion of each conditional statement.
18. If two angles are adjacent, then they have a common side.
19. If you lead, then I will follow.
20. If 3x -4 =11, thenx = 5.

21. If two angles are vertical, then they are congruent.
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e nt.
nclusion of each condlhonal stateme

gle is between 90 and 180, then the
# (Frederick Douglass)

Identify the hypothesis and co angle is obtuse.
22, If the degree measure of an an
23. “If there is no struggle, there is no progress.

, . e
24, If a quadrilateral has four congruent sides, then it is a squa

25. If a convex polygon has five sides, then itis a pentagon.

Example 2  Write each statement in if-then form.
26. Get a free water bottle with a one-year membership.
27. Everybody at the party received a gift.

28. The intersection of two planes is a line.

29, The area of a circle is Tr2.

30. Collinear points lie on the same line.

31. Aright angle measures 90 degrees.

32. MUSIC Different instruments are emphasized in different types of music. Write each
statement in if-then form.

* Jazz music often incorporates trumpet or saxophone.
* Rock music emphasizes guitar and drums.
* In hip-hop music, the bass is featured.

33. ART Write the following statement in if-then form: At the Andy Warhol Museum in
Pittsburgh, Pennsylvania, most of the collection is Andy Warhol’s artwork.

34. SCIENCE The water on Earth is constantly changing through a process called the water
cycle. Write the three conditionals below in if-then form.

The Water Cycle

Transpiration m A|r Evaporation

|

Plants

Precipitation

Soil

a. As runoff, water flows into bodies of water.
b. Plants return water to the air through transpiration,

¢. Water bodies return water to the air through evaporation

Example3  Determine the truth value of each conditional statement. If trye
If false, give a counterexample. ’

. If a number is odd, then it is divisible by 5.

36. If a dog is an amphibian, then the season is summer.

explain your reasoning.

37. If an angle is acute, then it has a measure of 45,

38. Ifa polygon has six sides, then it is a regular polygon.

Le 'son 2-3 | Conditional Statements
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Example 4
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Determine the truth value of each conditional statement. If true, explain your reasoning.
If false, give a counterexample.

39. If an angle’s measure is 25, then the measure of the angle’s complement is 65.
40. Tf North Carolina is south of Florida, then the capital of Ohio is Columbus.
#1. If red paint and blue paint mixed together make white paint, then3 — 2 = 0.
42. If two angles are congruent, then they are vertical angles.

43. If an animal is a bird, then it is an eagle.

44. If two angles are acute, then they are supplementary.

45. If two lines intersect, then they form right angles.

46. If a banana is blue, then an apple is a vegetable.

Write the converse, inverse, and contrapositive of each true conditional statement.
Determine whether each related conditional is true or false. If a statement is false,
find a counterexample.

47. If you live in Chicago, you live in Illinois.

48. If a bird is an ostrich, then it cannot fly.

49. If two angles have the same measure, then the angles are congruent.
50. All squares are rectangles.

51. All congruent segments have the same length.

52. A right triangle has an angle measure of 90.

NATURE Duikers are small antelopes that live in Africa. They can range from about one
foot tall to a little over two feet tall. Write the statement indicated, and determine the truth
value of each statement. If a statement is false, give a counterexample.

Animals with stripes are zebras.
53. conditional 54. converse 0 inverse 56. contrapositive
57. SCIENCE Chemical compounds are grouped and described by the elements that they

contain. Acids contain hydrogen (H). Bases contain hydroxide (OH). Hydrocarbons
contain only hydrogen (H) and carbon (C).

Chemical

Compound Example ‘ s

Acid Hydrochloric Acid
Base Sodium Hydroxide NaOH
Hydrocarbon Methane CH,

a. Write three conditional statements in if-then form for classifying chemical
compounds.

b. Write the converse of the three true conditional statements. State whether each is
true or false. If a statement is false, find a counterexample.

58. SPORTS In football, touchdowns are worth 6 points, extra point conversions are worth
2 points, and safeties are worth 2 points.

a. Write three conditional statements in if-then form for scoring in football.

b. Write the converse of the three true conditional statements. State whether each is
true or false. If a statement is false, find a counterexample.

]
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ditional. Explain
Use the Venn diagrams below to determine the truth value of each condil

your reasoning,.
Mammals Deciduous
@ Evergreens
Aquatic

Animals

Nonlinear
Functions

Quadratic
Functions

@ If a function is nonlinear, then it is quadratic.

60. If an animal is a mammal, then it cannot be aquatic.

61. If a tree is deciduous, then it is not an evergreen.

62. ﬁ' MULTIPLE REPRESENTATIONS In this problem, you will investigate a law of logic by
using conditionals.

a. Logical Write three true conditional statements, using each consecutive conclusion
as the hypothesis for the next statement.

b. Graphical Create a Venn diagram to model your series of statements.

c. Logical Write a conditional using the hypothesis of your first conditional and the
conclusion of your third conditional. Is the conditional true if the hypothesis is true?

d. Verbal Given two conditionals Ifa, then b and If b, then ¢, make a conjecture about the
truth value of c when 4 is true. Explain your reasoning.

H.0.T. Problems use Higher-Order Thinking Skills

63. ERROR ANALYSIS Nicole and Kiri are evaluating the conditional If 15 is a prime number,
then 20 is divisible by 4. Both think that the conditional is true, but their reasoning
differs. Is either of them correct? Explain.

Nicole Kire :
The conclusiow is true, The hypothesis is false, ’
because 20 is Awvisivle by 4, because 15 is not g prime
so the conditional is tvue, | namber, so the conditional
5 true.

64. CHALLENGE You have learned that statements with the sam,
; e tru i
equivalent. Use logical equivalence to create a trut t7alle are logically

h table that summari
e . r
conditional, converse, inverse, and contrapositive for the statements p ;Z:; ;he

65. REASONING You are evaluating a conditional stat

are ement in which is i
but the conclusion is false. Is the inverse of the statement true ortf}:le h?),pOthes.ls R
reasoning. se? Explain your

66. OPEN ENDED Write a conditional statement in which

= the converse j
contrapositive are all true. Explain your reasoning, 'S¢, Inverse, and

67. CHALLENGE The inverse of conditional A is given b

: elow. Writ,
converse, and its contrapositive. Explain your rea; o

som'ng.
If I received a detention, then I did not arrive at schoo] on ti
ime.

68. WRITING IN MATH Describe the relationship between iti x
inverse, and its contrapositive. 4 conditional, ts converse, its

itional 4, its
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-Séanned by CamScanner



J—]

A 5P\ 3103.5.8, SPI 3102.3.2

standardized Test Practice

69. If the sum of the measures of two angles is 90, 70. ALGEBRA What is 1—01;———15:—!’ reduced to
then the angles are complementary angles. lowest terms? da* — 9b?
Which of the following is the converse of the F 20 H—1 -
conditional above? 20 —2b 2a + 3b
A If the angles are complementary angles, then g -2 ] 7 . 3
the sum of the measures of two angles is 90. 22+ 36 =
B If the angles are not complementary angles, 71. SHORT RESPONSE What is the standard notation
then the sum of the measures of the angles for the following expression?
is 90. 3
4,62 x 10™
C If the angles are complementary angles, then
the sum of the measures of the angles is 72. SAT/ACT What is the greatest common prime
not 90. factor of 18 and 33?
D If the angles are not complementary angles, Al D5
then the sum of the measures of two angles is
not 90. B2 Ed
C3

o

Spiral Review

Construct a truth table for each compound statement. (Lesson 2-2)
73. pand g 74. por ~q 75. ~-pAq 76. ~p A ~q
Make a conjecture based on the given information. Draw a figure to illustrate your

conjecture, (Lesson 2-1)

71. Points H, ], and K are each located on different sides of a triangle.
78. Collinear points X, Y, and Z; Z is between X and Y.

79. R(3, —4), S(—2, —4), and T(0, —4)

80. A(-1, —7), B(4, =7), C(4, —3), and D(-1, -3)

81. KITES Kite making has become an art form. The kite shown is known as
a diamond kite. The measures are in inches. Name all of the congruent
segments in the figure. (Lesson 1-2)

Refer to the conversion charts inside the back cover of your textbook
and in Lesson 0-2. (Lesson 0-2)

82. RUNNING Ling is participating in a 5-kilometer charity run next weekend. About how
many miles is the race?

83. NATURE An African elephant weighs about 9 tons. About how many kilograms is this?

84. SPORTS A football field is 100 yards long from one end zone to the other. How many
feet long is a football field?

Skills Review

ALGEBRA Identify the operation used to change Equation (1) to Equation (2).
| 8. (1) 8(y — 11) = 32 86. (1)x +9 =4 —3x 87. (1)%7:1:2
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Geometry Lab
,Biconditional Statements

oitball team. If she is elected by —

- essee
am. If she makes the All-Star E?]I:'r'iculllm standards

the district coaches, she will make the All-Star Te
Team, she has been elected by the district coaches. ot S
write, and interpret

; i istrict coaches
p: Amy is elected by the district Wl and

g: Amy makes the All-Star Team o nditional sat
p— g IfAmyis elected by the district coaches, then she makes the All-Star Team. o ith the converse.

- - d contra-positive
g — p: If Amy made the All-Star Team, then she was elected by the district coaches. Svgrcsgﬁg;io nCaI prlniend
In this case, both the conditional and its converse are tru

e. The conjunction of the tWO 5o adoresses v/ 31084 16
statements is called a biconditional.

Amy is the starting pitcher for her high school

ements

and v 3108.4.17.

KeyConcept Biconditional Statement

Words A biconditional statement is the conjunction of a conditional and its converse.

Symbols (p— QA (@— p— (pe>g),readp if and only if q

N

If and only if can be abbreviated iff.

So, the biconditional statement is as follows.

p — q.Amy makes the All-Star Team if and only if she is elected by the district coaches.

Examples

a conditional and its converse. Then determine whether
example.

Write each biconditional as
the biconditional is frue or false. If false, give a counter

a. An angle is a right angle if and only if its measure is 90.
Conditional: If an angle measures 90, then the angle is right.

Converse: If an angle is right, then the angle measures 90.
Both the conditional and the converse are true, so the biconditional is true.

b. x > —2 iff x is positive.
Conditional: If x is positive, then x > —2.

Converse: If x > —2, then x is positive.
Let x = —1. Then —1 > —2, but —1 is not positive. So, the biconditional is false.

Write each biconditional as a conditional and its converse. Then determine whether
the biconditional is true or false. If false, give a counterexample.

1. Two angles are complements if and only if their measures have a sum of 90
2. There is no school if and only if it is Saturday.

3. Two lines intersect if and only if they are not horizontal.

4. |2x| =4iff x =2.

5. Use logical equivalence to create a truth table that summarizes the conditional
converse, and biconditional for statements p and 4. nal




