Lesson 1: Connecting Words "And", "Or", "Not"

Logical Reasoning and Set Theory Lesson #1:
Connecting Words "And”, “Or”, "Not”

Overview

In this unit, we will explore the subject of set theory, the mathematical study of collections of
objects. We will be introduced to the connecting words “and”, “or”, and “not”, and their
counterparts in set theory. We will also work with Venn diagrams and use them to illustrate
concepts in set theory, including the empty set, disjoint sets, subsets, and universal sets.

Statements

In mathematics, we deal with st.atemems A statement ].S a sentence that has a I:Luth Vi a.lu-: 1L is
euheru'ueorfa.lsn A oo ay b pcheed troe By one porson and Badee I
ot nonsiderad

Consider the following:

t1s in the province of British Columbia.
s -1ifis afact)

+ The city of Vancouver is on the planet Mars.
(This statement is false )

* Vancouver is the best place in the world to live.
(This is not a statement - it is an opinion )

+ How do you get to Vancouver?
(This is not a statement - it is a guestion )

Cluss Ex. #1 Determine whether each of the following is a statement.
: For each statement, list its truth value.

| b= a) The number 4 is a prime number.

Stadeent e

b) Driving in a car is the best mode of transportation.

not o stadement

c) If you double an odd integer, then you get an even integer.

2= 5=10 T4 3n
Stalkervent e
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2 Logical Ressoning and Set Theory Lesson #1: Connecting Words “And”, “Or”, “Not™

The Negation of a Statement Using the Word “Not”

The negation of a statement is the exact opposite of the statement.

The word “not” is often used to form the negation of a statement.
For instance, one way to write the negation of the statement

“The city of Vancouver is in the province of Alberta” F
is to write
“The city of Vancouver 1s not in the province of Alberta™. T

Note that the original statement is false, while the negation is true.

+ In every case whers the original statement is true, the negation will be false.
s In every case whers the original statement is false, the negation will be true.

@ It would not be correct to say that the negation of the above statement i< a statement like “The
city of Vancouver is in the province of Saskatchewan.” Both this statement and the onginal
statement are false. A negation must always have the ppposite truth 1-'3]1.5tu the

original statement.

e 22 52 A smdent made the following false statement:  “All triangles are isosceles”
Which of the statements below is the negation of the above statement?
b Ay All rriangles are not isosceles.

vot all triangzles are isosceles.
C. All riangles are scalene or equilateral.

Cluss Ex #3 Write the negations of the following statements.

a) Iris 20°C outside. b) Itis not Samrday today.

T i ot A0C UK. |+ 15 Sarfurdldy Heday,

Compound Statemenis

A compound statement is a statement formed by combining two or more statements.
‘\’__

The words “and™ or “or™ are often used to form compound statements.

For example,

“It is 20°C outside and it is not Saturday today ™
“It 15 20°C outside or it is not Saturday today.”

are compaund statements.
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Logical Reasoning and Set Theory Lesson £1: Connecting Words “And”, “Or”, "Not™ 3

Forming a Compound Statement Using the Word “and”

The conjunction of two statements can be formed by using the word “and”.
A conjunction is true only if both of the original statements are wrue, and it is false otherwise.

+ The conjunction of “blue is a colour” with “ice is a solid” is the statement “blue is a
colour and ice is g solid”. Itis true because both original statements are true.

x
* The conjunction of *“wet 1s a colour”™ with “ice 1s ﬁalid'" is the statement “wet is a colour
and ice is a solid”. It is false because one of the original statements is false. X

* The conjunction of “wet is a colour”™ with “ice is a liquid™ is the statement “wet is a
colour and ice is a liquid™. It is false because at least one of the original statements is false.
In fact, both are false. X

Forming a Compound Statement Using the Word *“or™

In everyday English, we use the word “or” in two different wavs.
The following examples illustrate this important difference.

Use of “or” in Evervday Enclish

i) “In order for Drew to have the necessary prerequisites to go to college next term, he
needs a pass in Grade 12 Physics or a pass in Grade 12 Chemistry this semester.”
This statement means that Drew will have the necessary prerequisites if;

* he passes Grade 12 Physics alone, or
* he passes Grade 12 Chemistry alone, or
* he passes both Grade 12 Physics and Grade 12 Chemistry.
= ok 20 (i or

e Lo, LY
This is an example of thy use of “or” in everyday languaze.

ii) John asked Helen how she was getting to school tomorrow. She rephied,
“T will take the bus or drive myself.”

This means that Helen either takes the bus or she drives, but not both.

N Y o cverntar And: both +we
This 15 an example afl.hese of “or” in everyday language. 0(" Onl Om

Use of “or” in Mathematics

In mathematics, including set theory. when we use the word “or™ , we always mean
the fiiiisive version of “or™.

The disjunction of two statements is formed by placing the word “or™ between them.

A disjunction 1s only fzlse i b fafemicnts are faise. A disjunction is true if any of the
following happens: = the first statement is true,

« the second statement is e, of,

* both statements are true.
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Clugs Ex. &4

Consider the following statement:

“Ivan rolled a pair of dice and the sum of the two numbers was an odd number or a prime
number.”

This means that the sum was
* an odd number, or
* a prime number, or
* both an odd number and a prime number.

This is an example of the inclusive Yse of “or’ in mathematics.
_ -5

Consider the natural numbers x that are less than or equal to 15,

List the numbers that satisfy each of the following conditions:

a) xisodd b) xis prime.
|, 3,?;73,") lb, 15 3, 3)5'7/ “) |3
¢) xisoddgndyis prifie. d) x1isodd orxis prime.
35,7,1,13 Lab 357,913 15
e) xisafactorof3orSar7. f) xisafactorof3and 5and 7.
’J 31 51 7 l
g) xisamultiplecf3orSor7. h) xisamultiple of 3 and 5 and 7.

36,9125, 5,107 1 none,

| Complete Assignment Questions #1 - #9 ]

Assignment M-

1. Determine which of the following sentences are statements.
Classifv each statement as true or false.

a) Cherry pie is delicious.

b) Cherry pie is a food.

¢) Is Grade 12 math the best subject in high school?
d) Jupiter is the closest planet to the sun.

e) A pentagon has seven sides.

f) Do quadratic functions have degree 27

g} The weather is too cold in Edmenton.

h) There are 100 centimetres in a metre.

Copyright @ by Absolufe Value Publications. This book s NOT covered by the Cancopy agreement.

Logical Reasoning and Set Theory Page 4
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2. Consider the statements in question #1.

a) Write the negation of each statement.

b) Assess the truth value of each negation. What do vou notice?

3. a) Circle the correct alternative:

¥/}

+ The conjunction of two statements is a compound statement formed by using “and™/ “or™.

+ The disjunction of two statements is a compound statement formed by using “and™/ “or™.

b) Take the statements in question #1b) and #1d) and form their conjunction.
Is the resulting statement true or false?

¢) Take the statements in question #1e) and #1h) and form their disjunction.
Is the resulting statement true or false?

4. a) List the natural numbers less than 20 that are divisible by 4.
b) List the namral numbers less than 20 that are divisible by 6.
¢) List the namral numbers less than 20 that are divisible by 4 and 6.

d) List the natural numbers less than 20 that are divisible bv 4 or 6.

n

a) Give an example of the inclusive use of “or™ in a compound statement.

b) Give an example of the exclusive use of “or” in a compound statement.
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6. Consider the following statements.

In each case, state all the values of the variable that make the statement true.
Each variable is restricted to natural numbers less than or equal to 13.

a) «isaprime number and @ is even.

b) bisafactor of 12 and b 1s a mulaple of 3.

¢) cisafactorof 12 and ¢ is not a multiple of 3.

d) disafactor of 12 or d is a multiple of 3.

e) e isnota prime number.

f) fis an odd number, and fis a factor of 3 or a factor of 9.

g} gisan odd number, and it is not the case that g is a factor of 3 or a factor of 9.

h) hisaneven number and & 1s a factor of 5.

7. Given statement A and statement B, complete the following table
by filling either True or False in each box.

A B AandB| AorB not 4
True True
True Falze
False Tre
False False
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Logical Reasoning and Set Theory Lesson #1: Connecting Words “And™, “Or”, "Not™

Use the following information to answer the next two guestions.

Jeremy was given the following statements to consider.
Statement 1: Ottawa is the capital of Canada.
Statement 2: Canada is on the planet Venus.
Statement 3: The city of Edmonton is in the province of Alberta.
Statement 4: All scientists study biology or chemistry.

pY 8. Which of the following pairs of statements are true using the connecting word “and™?
Choice

A. Statement 1 and Statement 2
B. Statement 1 and Statement 3
C. Statement 3 and Statement 4
D. Statement 2 and Statement 4

9. Which of the following iz an incorrect negation of Statement 47

A. Not all scientsts study biclogy or chemisory.

B. Some scientist does not study either biology or chemistry.

C. All scientists study physics.

D. There are scientists who do not study biclogy and do not study chemistry.
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8 Logical Ressoning and Set Theory Lesson #1: Connecting Words “And”, “Or”, “Not™

Answer Key
1. b),d),e),andh) are statements. b) and h) are true, and d) and &) are false.

2. Negation of b): Cherry pie is not a food.
Negation of d): Jupiter is not the closest planet to the sun.
Negation of &)t A pentagon does not have seven sides.
Negation of h}: There are not 100 centimetres in a metre.

Truth values: the negations of ©) and h) are false and the negations of d) and e) zre true. These are the

opposite wuth values to the original statements.

3. a) sconjunction — and * disjunction == o

b} Cherry pie is a food and Jupiter 13 the closest planet to the sun. This is false.
¢) A pentagon has seven sides or there are 100 centimetres in a metre. This 15 e,

4. a) 4,8,12.16 b) &, 12,18 c)

2]}

. ANSWers may vary.
a) Tobecome a citizen of Canada, vou must speak English or French.
b} For tonight’s concert, Angela has to wear black pants or a black dress.

6. a) 2 b) 3,6,12 c) 1,24 dy 1,2,3.4,
e} 1.4,6,8,5, 10,12, 14,15 £) 1,3,5,9 g) 7,11,13, 1

7. See the table below.

A B AandB| AorE not 4

Tra= Tru= True Trie Fizlar

Tru= False Falsg True False

Falze True Falze Triae Trues

Fal=e False False Falze True
8. B 9. C
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1o solution
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