Chapter 1 Introduction to Logic

Section 1.1

Statement: is a declarative sentence, which has a truth value; that is, it is either true or false, but not both true and false.

The following symbols will be used in logic: p, g, r, and sometimes s where:
pvq :readitasporqorboth (Disjunction)
paq :readitaspandq (Conjunction)

~p : read it as not p (Negation)

Example 1:  p = Mike likes coffee ; q = Mike likes tea

a) Mike likes coffee and he likes tea too.

b) Mike likes coffee and he does not like tea

¢) Mike does not like coffee and he does not like tea.
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There will be 4 rules regarding Chapter 1:

Rules1&2: vor ; nAAnd (section 1.1)

Rules3&4: — If ; <> Ifandonlyif (section1.2)

Rule 1: Using the v symbol (ar), it is true when either one or both are true.

TvT=T
TVF=T
FvT=T
FVF=F

Rule 2: Using the A symbol (and), it is true only when both are true.
TAT=T
TAF=F
FAT=F
FAF=F
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In creating the truth table:

The number of rows in the truth table depends on the number of variables n:

Forpandq (n =2 variables), number of rows = 4
Forp,gandr (n=3variables), number of rows = 8
Forp,qg,rands (n =4 variables), number of rows = 16

The above numbers were found using the formula of 2N which will be used in chapter 2 in finding the number of
subsets.

For p and g with 4 rows: The first column 2 T and 2 F, the second column 1 T and 1 F.

I
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For p, g and r with 8 rows: The first column 4 T and 4 F, the second column 2 T and 2 F
and the third column1Tand 1 F
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Example 2: Construct the truth table for:

a) ~(pr~q)v p

e T = T T T e~
b= T I - T I

b) (pvag)n(pv~r)

p q r
T T T
T T F
T F T
T F F
F T T
F T F
F F T
F F F
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Tautology = valid argument: is a statement that is true for all possible combinations of truth conditions for the component
statement (the elements of the last column are all T). See example 2a.

Contradiction: is a statement that is false for all possible combinations of truth conditions for the component statement (The
elements of the last column are all F).

Logical Equivalence: When they have identical truth values under identical truth conditions of the simple statement (When two
statements have identical last column in the truth tables). See example 3.

* Example 3: Construct the truth table for:

a) ~(png) b) ~pv~g
p q P q
T T T
T F T F
F T F T
F F F F
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Section 1.2:

Example 1:
p=T Mike was caught cheating in the test
q=T Mike was suspended from school

Two variables, 4 possibilities:
a) If Mike was caught cheating, then he will be suspended from school.
b) If Mike was caught cheating, then he will not suspended from school
¢) If Mike was not caught cheating, then he will be suspended from school

d) If Mike was not caught cheating, then he will not be suspended from school

» g 1f§: ih:ﬂ q
d
a) T T T
b) T F F
c) F T T
d) F F T
e Rule 3: Using the —ssymbol ( If), it is always true unless the first is T and the second is F.
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Example 2: Construct the truth table of: (p —¢g) A (g — p)

if ptheng if g then p (p —=q) A
P |19 p =g g >p (g ->p)
a) T T
b) T | F
o) F| T
d) F F
Result:
if p then ¢ if g then p p —=q) A
P11 p =g g —>p (q >p)
a) T | T T T T
b) T F F T F
¢) F | T T F F
d) F | F T T T

The last column 1s the same as: (p <> ¢) which 1s (if and only if) which 1s Biconditional.

Rule 4: Using the < symbol (if and only if), 1t 1s true when both are T, or both are F.
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Example 3: Translate this argument to symbolic form and construct the truth table and deternune 1f 1t 1s a valid
argument or not.

If 1t rawns, then the concert will be delayed
The concert was delayed, therefore 1t ramed.

eI T = T =
G T G T T
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Example 4: Translate this argument to symbolic form and construct the truth table and determune if 1t 1s a valid
argument or not.

If you nuss the final exam, then you will get a zero for the exam
If you get zero n the final exam, then you will not pass the course.

You did not miss the final exam, therefore you will pass

~

e T e T - I - T R S T R T I T =
ke o T - o T B O IS T I T - = T O T I T

e = = |
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Example 5: Translate this argument to symbolic form:
The alarm will sound 1f and only 1f smoke or carbon monoxide 1s 1n the house

There 1s no carbon monoxide in the house

Therefore, the alarm will sound 1f and only 1f smoke 15 in the house
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Summary for Sections 1.1 and 1.2:

Logical Equivalence: When they have identical truth values under identical truth conditions of the
sumple statement (When two statements have identical last column in the truth tables).

Tautology = valid argument: 1s a statement that 1s true for all possible combinations of truth
conditions for the component statement (the elements of the last column are all T)

Contradiction: 1s a statement that 15 false for all possible combinations of truth conditions for the
component statement (The elements of the last column are all F)

Conditional: p—gq 1fp theng

Biconditional: p<s ¢ If and only If p then g
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p: The weather 1s cold

Conditional: p »¢g 1fptheng
If the weather 1s cold, then you will wear a coat

Converse: g—p
If you wear a coat, then the weather 1s cold

Inverse: ~ p——g

g: You will wear a coat

If the weather 1s not cold, then you will not wear a coat

Contrapositive: ~g——p

If you will not wear a coat, then the weather 1s not cold

Disjunction | Conjunction | Conditional | Converse Inverse Contrapostive | Biconditional
porg pand g ifpthenq | ifqthenp | if~qthen~p | if —pthen~q | ifand only if
Plg|»p|—g pvy pPrg P—=>q g—=>p ~ P4 ~gq—=~p Peq
T|T|F|F T T T T T T T
T|F|F|T T F F T T F 13
F|T|T|F T F T F F T F
F|F|T|T F F T T T T T
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