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Properties of the conjunction operators: (A) Jasll 3131 yal sa

Let p, g and r are three propositions. Using the truth table, show that:

1. p A g = q A p (commutative JluY) ixals)

N

.(pANg) AT =p A (q A1) (associative geadll iuald) (HW.)
3. p Ap = p (Idempotent lawcs sl (s sbus ¢y 538
4. p AT =p (ldentity law)

5. p A F=F (Domination Law)

6. p AN ~p=F
Solution:
lpANqg=qAD 3. pAp=p 4pNANF=F
p | q|pPAq|qAD p | plpADp p | F|pAF
T |F |F F T |F |F
T |T |T T L F |F
F T |F F F
F F |F F

2. Disjunction operator (s) J«il 3131--English word (or), symbol (V).

Let p and g be two propositions. The disjunction of p and q is denoted by
“p V q’ andread ““‘porgq’.

We say that “‘p V q’’ is true when p is true or q is true or both are true. If
both p and q are false, then p v q is false.

gyl “p v g7 S el Bkl S5 A il g 5 p e JS S 1)
3 lall (sSiy AAS 3 e q s skl e IS CulS 1Y LA (V) Jusadll Bl

12 e ben G — i e s




Foundation of Mathematics el e

i) e i) 04 bl (saa) il 13 gT) @l lae e dBaba p vV g7
(Bala

Disjunction
P q Pvdq
i QT
T F|T
F T E
F | IE|*

The truth table for the disjunction of two propositions

Examplel.14: (H. W) Let p, q and r are three propositions such that

p: dogs can fly
g:x—x=0,x €R
rm—3 €EN
Find the truth value of the following statements:
a(pVvq Vvr
b) ~q v r
c)~(~p Vv q)
d@®AqpV(Vr)

Solution of (¢):

~(~PV Q)= ~(T VT)= ~T=F

Examplel.15: Let p and g are two primitive propositions such that
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p: Today is Friday (T)
q: It is raining today (T)

What is the disjunction of the propositions p and g? Discuss the truth value
Of ch V q,’.

Solution: The disjunction “‘p V q’’ is
““Today is Friday or it is raining today’’

“p V q’’ means that today is either Friday or raining or both.

The compound proposition (p V q) is false if:

““Today is not Friday or it is not raining today’’

The compound proposition (p V q) is true if:
““Today is Friday or it is raining today’’
““Today 1s not Friday or it is raining today’’

““Today is Friday or it is not raining today’’

Properties of the disjunction operator: (V) Jwadll 313 yal 53

Let p, g and r are three propositions. Using the truth table, show that:
1. p Vg =q V p(d¥Wiaai) (H W)
2.(p V@ Vr=pV(Vr) (g=dialy)
3. pVp =p(ch g ysid) (H W)
4., p v T =T (Domination Law) (H. W)
5 pVv F=p (ldentity Law) (H. W)
6. pV ~p=T (H W)
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Solution2: (p Vq) Vr =p Vv (q V r)

p lq|r|pVvglgqvr| @vyvVvr | pv(qgVr)

- 4 4 m m m m _
M 4 m 1 4 4 T -
-4 MM m 4 T <4 T -
4 4 4 mm 4 4 T 4
4 4 m 4 4 4 T 4
] 4 4 4 4 4 T 4
] 4 4 4 4 4 T 4

3. Conditional operator &l 81ai: English word (if...then), Arabic word
(0@ s 1), symbol (=).

Let p and g be two propositions. The conditional statement “‘p — q’’ is the
proposition ‘‘if p then q’’. The conditional statement ‘‘p — q’’ is false
when p is true and q is false, otherwise “‘p — q’’ is true.

(if...then):\-}sﬂ\ﬁjgd\ Q\E&MSchq Jp&odSQ}LS 13)

(=) bl e
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sAlas e p 0sS Leaie Ladd saal s s 3 L3S (if p then q) 3okl 5SS
b lae Lagd A3ala (if p then q) skl OS5 4383 )le g

DL ALE e o5S5Cif p then g7 obed) (b Aibla s e p il 13 ANk
Akl 6 ol o L Jul

The following is the truth table:

p qa | p-gq
T T T
T F F
F T T
F F T

Remark1.16: In the conditional statement “‘p — q’’, p is called the
hypothesis s and q is called the conclusion 4ais |

Remark1.17: The conditional statement can be expressed in the following
equivalent ways:

a) “‘pimplies q”

b) “qifp”,

c) “qonlyifp”,

d) <p is sufficient condition for q”’,
e) ‘‘q is a necessary condition for p**.

Examplel.18: Find the truth value of the following statements:

1. Iffishfly,then3+2 =5

F ->T=T
2. Iffishwalk,then3 +2 =6
F>F=T
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Examplel.19: Let p, g, and r are three propositions such that

p: 3 is an odd number
qg:x+y=y+x, x,y €ER
r: Winter is hot
Find the truth value of the following statements:
) > q@ Vv -q9 HW)
2) if(p A g)then(q v ~1)
3) p ATr)V(g—-p)(HW)

Solution2:

if(p A q)then(q vV ~1)
if (T AT)then(T vV T)
if TthenT =T

Examplel.20: Find the truth value of the following statements:

1. The statement: ‘“If X is negative then — 5x is positive”’
T->T=T

2. The statement: “If 9 > 5 then dogs don’t fly”
T->T=T
3. The statement: “‘If (x > 0 and x? <0) then x >10”
If (T and F) then F(or T)
IfFthen F(orT) =T
4. The statement: ““If x > 0then (x> < 0or2x < 0)”
ToForF)=T -F=F

Definition 1.21: Let p and g are two propositions, then
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1. The proposition ‘‘q — p’’ is called the converse of “‘p — q’’.
The proposition ““~p — ~q’’ is called the inverse of “‘p — q”’.

Examplel.22: What is the converse and the inverse of the conditional
statement:

“iffx > 5x € Nthenx > 37?
What is the truth value of the statement and its inverse and converse?
Solution: The statement  “‘if x > 5thenx > 37

The truthvalue: T>T=T

The converseis “‘if x > 3thenx > 57
The truth value: for x = {4,5}; T>F=F

Forx ={6,7,....}, h T->T=T
Theinverseis ifx < 5thenx < 3”
The truth value: for x = {1,23}; T->T=T

Forx ={4,5}, ) T->F=F

Properties of the conditional operator: (—) Jdll 314 gal sa

Let p,q and r are three propositions. Using the truth table show that (H.
W)

L. p=>q##q-0p
2. p > @Q—-r #p > (q>r)
3. Find the truthvalueof:p - T, p > F, p>~p, p = p
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4. Bi-conditional operator g.s:3al k&l 81a): English word (if and only if),
Arabic word (13 ki 5 13), symbol (<)

Let p and g be propositions. The bi-conditional statement ““p < q’’ is the
proposition ‘‘p if and only if g’’. The bi-conditional statement is true when
p and q have the same true value and is false otherwise.

Ll e Alls eq 1) Lasd 1) 7 &S pall 3kl (585 Adavn 3 e g s p e IS oA
S e Lad 23S 5 (48 jlaall (Bam ad 4l Alla 4 480La (o) el

T T T
T F F
F T F
F F T

The truth table for the bi-conditional of two propositions

Remark1.23: There are some other ways to express “‘p < q’’:

‘cp iff q)’
“if p then q , and if g then p*’
““p is necessary and sufficient for g”’.

Examplel.?24: Find the truth value of ““x > 0 < 2x > 0

Solution: The statement is true because
If x>0 then2x >0andif 2x > 0thenx > 0

Examplel.25: Find the truth value of ““x > 0 < x2 >0 (H. W.)
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