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Application of logic to switching circuits, switching table.

ﬁ\\ Let’s recall.

1.1.1 Introduction :

Mathematics is a logical subject and tries to be exact. For exactness, it requires proofs which
depend upon proper reasoning. Reasoning requires logic. The word Logic is derived from the
Greek word "LOGOS" which means reason. Therefore logic deals with the method of reasoning. In
ancient Greece the great philosopher and thinker Aristotle started study of Logic systematically. In
mathematics Logic has been developed by English Philosopher and mathematician George Boole
(2 November 1815 - 8 December 1864)

Language is the medium of communication of our thoughts. For communication we use
sentences. In logic, we use the statements which are special sentences.

1.1.2 Statement :

A statement is a declarative (assertive) sentence which is either true or false, but not both
simultaneously. Statements are denoted by p, q, r, .....

1.1.3 Truth value of a statement :

Each statement is either true or false. If a statement is true then its truth value is 'T' and if the
statement is false then its truth value is F.

Illustrations :

1)  Following sentences are statements.
i) Sunrises in the East.
i) 5x2=11
iii)  Every triangle has three sides.




iv)
v)
vi)

Mumbai is the capital of Maharashtra.
Every equilateral triangle is an equiangular triangle.
A natural number is an integer.

2)  Following sentences are not statements.

i)
i)
iii)
iv)
v)
vi)
vii)
viii)

Please, give your Pen.

What is your name ?

What a beautiful place it is!
How are you ?

Do you like to play tennis ?
Open the window.

Let us go for tea

Sit down.

Note : Interrogative, exclamatory, command, order, request, suggestion are not statements.
3)  Consider the following.

i)
i)
i)

iv)

3—X—9 =0
2
He is tall.

Mathematics is an interesting subject.
It is black in colour.

Let us analyse these statements.

i)
i)

For x = 6 it is true but for other than 6 it is not true.
Here, we cannot determine the truth value.

For iii) & iv) the truth value varies from person to person. In all the above sentences, the truth value
depends upon the situation. Such sentences are called as open sentences. Open sentence is not a

statement.

@) Solved examples )

Q.1. Which of the following sentences are statements in logic ? Write down the truth values of
the statements.

i)
i)
iii)
iv)
v)
vi)
vii)
viii)
iX)

6x4=25

X+6=9

What are you doing ?

The quadratic equation x* — 5x + 6 = 0 has 2 real roots.
Please, sit down

The Moon revolves around the earth.

Every real number is a complex number.

He is honest.

The square of a prime number is a prime number.
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Solution :
i)
i)
iii)
iv)
v)
vi)
vii)
viii)
iX)

It is a statement which is false, hence its truth value is F.
It is an open sentence hence it is not a statement.

It is an interrogative hence it is not a statement.

It is a statement which is true hence its truth value is T.
It is a request hence it is not a statement.

It is a statement which is true, hence its truth value is T.
It is a statement which is true, hence its truth value is T.
It is open sentence, hence it is not a statement.

It is a statement which is false, hence its truth value is F.

1.1.4 Logical connectives, simple and compound statements :
The words or phrases which are used to connect two statements are called logical connectives.
We will study the connectives 'and’, 'or', 'if ..... then’, 'if and only if ', 'not".
Simple and Compound Statements : A statement which cannot be split further into two or
more statements is called a simple statement. If a statement is the combination of two or more simple
statements, then it is called a compound statement.

"3 is a prime and 4 is an even number", is a compound statement.

"3 and 5 are twin primes"”, is a simple statement.
We describe some connectives.

1)  Conjunction : If two statements are combined using the connective 'and' then it is called as
a conjunction. In other words if p, g are two statements then 'p and q' is called as conjunction. It is
denoted by 'p A ' and it is read as 'p conjunction g’ or 'p and g'. The conjunction p A q is said to be
true if and only if both p and q are true.

Truth table for conjunction

—|m|-|<e

mm|d|d|©

m{m{m|d| >

F
Table 1.1

2)  Disjunction : If two statements are combined by using the logical connective 'or' then it
is called as a disjunction. In other words if p, g are two staements then 'p or q' is called as
disjunction. It is denoted by 'p v g and it is read as 'p or g' or 'p disjunction q'.

Truth table for disjunction

P q pvq

T T T

T F T

F T T

F F F
Table 1.2

The disjunction p v q is false if and only if both p and q are false.




3) Conditional (Implication) : If two statements are combined by using the connective.

if ...

then', then it is called as conditional or implication. In other words if p, g are two state-

ments then 'if p then q' is called as conditional. It is denoted by p — qor p = g and it is read
as 'p implies q' or 'if p then q'.
Truth table for conditional.

g P—>q

T T The conditional statement p — q is False only if p is true

E and g is false. Otherse it is true. Here p is called hypothesis

mim|d|d|o

F
T - or antecedent and g is called conclusion or consequence.
=

F

Note : The
i)
i)
iii)
iv)
v)

Table 1.3

following are also conditional statement p — q
p is sufficient for q

q is necessary for p

p implies q

q follows from p

p only if .

4)  Biconditional (Double implication) :

If two statements are combined using the logical connective 'if and only if ' then it is called
as biconditional. In other words if p, g are two statements then 'p if and only if g' is called as
biconditional. It is denoted by 'p <> ' or p < q. It is read as 'p biconditional q' or 'p if and
only if q'.

Truth table for biconditional.

P q pP<q
T T T
T F F Biconditional statement p <> g is true if p and g have same
E T E truth values. Otherwise it is False.
F F T
Table 1.4

5)  Negation of a statement : For any given statement p, there is another statement which is
defined to be true when p is false, and false when p is true, is called the negation of p and is
denoted by ~p.

Truth table for negation.

p ~p
T F
F T
Table 1.5

Note : Negation of negation of a statement is the statement itself. That is, ~ (~ p) = p.




@) Solved examples ]

Ex.1: Express the following compound statements symbolically without examining the truth values.
i)  2isaneven number and 25 is a perfect square.

i) Aschool is open or there is a holiday.
iii)  Delhi is in India but Dhaka is not in Srilanks.
iv) 3+82>12 ifandonlyif 5x4 <25,

Solution :
i) Let p: 2isanevennumder
g: 25 is a perfect square.
The symbolic formis p A Q.
i) Letp: The school is open
g : There is a holiday
The symbolic formisp v q
iii) Letp: Delhiisin India
g : Dhaka is in Srilanka
The symbolic formisp A ~ Q.
iv) Letp:3+8>12;q:5 x4 <25
The symbolic formis p <> q

Ex.2.Write the truth values of the following statements.
i)  3isaprime number and 4 is a rational number.
i) All flowers are red or all cows are black.
iii)  If Mumbai is in Maharashtra then Delhi is the capital of India.
iIv)  Milk is white if and only if the Sun rises in the West.
Solution :
i) Let p:3isaprimenumber
g: 4 is arational number.
Truth values of p and q are T and T respectively.
The given statement in symbolic formisp A g.
The truth value of given statement is T.
i) Let p:Allflowersarered; q: All cows are black.
Truth values of p and g are F and F respectively.
The given statement in the symbolic formis pv q
S~ pvg=FvFis F
.. Truth value of given statement is F.
iii) Let p:Mumbaiisin Maharashtra
g : Delhi is capital of India
Truth values of p and q are T and T respectively.

The given statement in symbolic formisp — g
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LPp—>q=T—>TisT
.. Truth value of given statement is T
iv) Let p: Milkiswhite; g: Sunrises in the West.
Truth values of p and g are T and F respectively.
The given statement in symbolic form is p <> q
Lpeg=ToFIisF
.. Truth value of given statement is F
Ex.3 : If statements p, g are true and r, s are false, determine the truth values of the following.
D~pa(@v-~r) i) (PA~1) A(~q vs)
i ~P—=>9) < TAs)iV)(~p>q) A(r<>s)

Solution :

i)

~pA(@v~r=~TA(TvVv~F) =FA(TVvT)=FAT=F

Hence truth value is F.

PA~DA(CgvsS)= (TA~FACFTVE)=TATA (FVF)=TAF=F.
Hence truth value is F.
[Fp—=>9]eAs)=[~(ToT)oFAR=-T) > F)=FF=T.
Hence truth value is T
FpoA(res)=CToNMAFoR)=F->ST)AT=TAT=T.

Hence truth value is T .

Ex.4.Write the negations of the following.

i)

i)

iii)
Solution :

i)

)]

iii)

Price increases
o<1
5+4=9

Price does not increase
or=1
5+4+£9

@ Exercise 1.1 J

Q.1. State which of the following are statements. Justify. In case of statement, state its truth
value.

i)
i)
iii)
iv)
v)
vi)
vii)

5+4=13.
Xx—-3 =14.
Close the door.

Zero is a complex number.
Please get me breafast.
Congruent triangles are similar.
X2 =X.




Q.2.

Q.3.

Q.4

Q.5.

Xi)
xii)
xiii)
Xiv)
XV)

A quadratic equation cannot have more than two roots.
Do you like Mathematics ?

The sun sets in the west

All real numbers are whole numbers

Can you speak in Marathi ?

X2—6x —7=0,whenx=7

The sum of cuberoots of unity is zero.

It rains heavily.

Write the following compound statements symbollically.

i)
i)
iii)
iv)
v)
iv)
vii)

Nagpur is in Maharashtra and Chennai is in Tamilnadu
Triangle is equilateral or isosceles.

The angle is right angle if and only if it is of measure 90°.
Angle is neither acute nor obtuse.

If A ABC isright angled at B, thenm £ZA+ m £ZC = 90°
Hima Das wins gold medal if and only if she runs fast.

X is not irrational number but is a square of an integer.

Write the truth values of the following.

i)
i)
iii)
iv)
v)
vi)
vii)

4 is odd or 1 is prime.

64 is a perfect square and 46 is a prime number.

5 is a prime number and 7 divides 94.

It is not true that 5-3i is a real number.
If3x5=8then 3 +5=15.

Milk is white if and only if sky is blue.

24 is a composite number or 17 is a prime number.

If the statements p, g are true statements and r, s are false statements then determine the
truth values of the following.

i)
i)
v)
vii)

PV(qAT) i)  (p—>gv(r—>s)
@A v(=pnas) v)  (p>agA-r
(~r<>p)—>-~q vi)  [FpAa(=gAan]vI@nar)v(pan)]

[GPAA)A~r]IVIQ—=>p)—>(sv)] viii) ~[(~pAnv(s—>~qle(Pan)

Write the negations of the following.

i)
i)
iii)
iv)
v)

Tirupati is in Andhra Pradesh

3 is not a root of the equation x2 + 3x - 18 =0
J2 isarational number.

Polygon ABCDE is a pentagon.

7+3>5




1.2 STATEMENT PATTERN, LOGICAL EQUIVALENCE,
TAUTOLOGY, CONTRADICTION, CONTINGENCY.

1.2.1 Statement Pattern :

Letters used to denote statements are called statement letters. Proper combination of
statement letters and connectives is called a statement pattern. Statement pattern is also called as a
proposition. p —q, p A Q, ~ p Vv q are statement patterns. p and q are their prime components.

A table which shows the possible truth values of a statement pattern obtained by considering
all possible combinations of truth values of its prime components is called the truth table of the
statement pattern.

1.2.2. Logical Equivalence :

Two statement patterns are said to be equivalent if their truth tables are identical. If statement
patterns A and B are equivalent, we write it as A= B.

1.2.3 Tautology, Contradiction and Contingency :

Tautology : A statement pattern whose truth value is true for all possible combinations of truth
values of its prime components is called a tautology. We denote tautology by t.

Statement pattern p v ~ p is a tautology.

Contradiction : A statement pattern whose truth value is false for all possible combinations of truth
values of its prime components is called a contradiction. We denote contradiction by c.

Statement pattern p A ~ p is a contradiction.

Contingency : A statement pattern which is neither a tautology nor a contradiction is called a
contingency. p A q is a contingency.

Important table for all connectives :

p q =P | PAG | PVG [ P>q ]| pPeq
T T F T T T T
T F F F T F F
F T T F T T F
F F T F F T T

*  In astatement pattern, different symbols are considered in the following priority

~ Vo, A, =, &>

@) Solved Examples )

Ex.1.: Construct the truth table for each of the following statement patterns.

) p—>@—>p)

i) (~pvag <~(pArq)

i) ~(pa~qvq

iv) [(pAr@)viiAa[~rv(pAQ)]

v) [pva)a(@—=>n]l—>(@-—>r)




Solution :

) p—>(@—p
P q qg—op [p—>(Qq—p)
T T T T
T F T T
F T F T
F F T T
Table 1.7
i) (pvag o ~(Paq)
p q ~p |~pvag|prqg |[~(PrQq) |(~pVv g <> A(PAG)
T T F T T F F
T F F F F T F
F T T T F T T
F F T T F T T
Table 1.8

i) ~(=pa~q)vgq

P q ~Pp | ~q |(=pr=qQ) |~(=pr~q) |~(~pr~Q) Vv q

T T F F F T T

T F F T F T T

F T T F F T T

F F | T | T T F F
Table 1.9

iv) [(PAr@vrida[~rv(pag)]

p ri~ripageargvr |~rv(parq) [[pAg)VvITA(~Trv(PAQ)
T|T|T|F T T T T
T|ITI|F|T T T T T
T|F|T|F F T F F
T|IF|F|T F F T F
FI|T|T|F F T F F
FIT|F|T F F T F
FIF|T|F F T F F
FIF|F|T F F T F
Table 1.10

G




v)

[(Pv a) A(@=>N]>(P >0

plq|ri~p|~pvqg|qgo>r|p>r (pvnr |[[Pvga(@—>N]—>(@—>D
(g—>n
T|T|T|F T T T T T
T|T|F|F T F F F T
T|F|T|F F T T F T
T|F|F|F F T F F T
FIT|T|T T T T T T
F|I T|F|T T F T F T
FIF|T|T T T T T T
FIF|F|T T T T T T
Table 1.11
Ex.2: Using truth tables, prove the following logical equivalences
) (PAr@=~(p—>~0)
i) (Peg=Pag)v(i~par~aq)
i) (pArg)—>r=p—>(Qq-or)
iv) p—>@vn=(pP—>a v(p->r)
1) Solution: (1) (pA g)=~(p— ~0q)
L uf v |Vv VI
P lad|~a|prg|p—>~q| ~(p>~0)
T|T| F T F T
T|F| T F T F
F| T]| F F T F
FIF| T| F T F
Table 1.12
Columns (1V) and (VI) are identical .. (p A Q)= ~(p = ~Q)
i) (peg=@PEragv(~-par~0)
L u| v \% VI VIl VI
Pla|~P| ~q |peqg| (pPAQ) PA~q [ (PAr AV (PA~0)
T|T| F F T T F T
T|F | F T F F F F
FI T | T F F F F F
FIF| T T T F T T
Table 1.13
Columns V and VIII are identical
Lo (peag=PEagv(ipv~a)
(iii) (pAr@)—>r=p—>(@—>r)

7 )
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Py v V VI VIl

Plalr |prd| (Prg—>r qgor | p>(q—>n)

T|T| T T T T T

T|T| F T F F F

T|F| T F T T T

T|F| F F T T T

FIT| T F T T T

FIT| F F T F T

FIF| T F T T T

FI|F| F F T T T

Table 1.14
Column (V) and (V1) are identical
(PArg)—>r=p—>(q—>r)
(iv) p>@vn=(pP->9vE-—r)
Pl v \ VI VIl VI
P19 r |lqvr| p—>(Qqvn pP—>q p—o>r P—>qvpe—rn
T|T| T T T T T T
T|T| F T T T F T
T|F| T T T F T T
T|F| F F F F F F
FIT| T T T T T T
FIT| F T T T T T
FIF| T T T T T T
FI|F| F F T T T T
Table 1.15

Columns V and VIII are identical
p—>@vnN=pP-—->qvE-—>r)

Ex.3.Using truth tables, examine whether each of the following statement pattern is a tautology or
a contradiction or contingency.

) (PArdA(=pv~0)

i) [pA(p—>~9]—q

i) P->dAll@—>nN—>E-—>n]
iv) [(pva)vrl<[pv(gvrn]

7 )
[
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Solution:
) (PAgA(=p v~0)

p q ~p —q PAG | pPv~q | (PAGA(pV~Q)

T T F F T F F

T F F T F T F

F T T F F T F

F F T T F T F
Table 1.16

All the truth values in the last column are F. Hence it is contradiction.
i) [pAa(P—>~0)]—>q

p g 9 | p>=q | pA(P=>~0 [pPA(P=>~0) >0

T T F F F T

T F T T T F

F T F T F T

F F T T F T
Table 1.17

Truth values in the last column are not identical. Hence it is contingency.
i (p->aall@=>n->@E->n]

P19 r(p=>g9lgorjpori@->nN->0-n0 [P2>9A@2>nN->0—0)
T|T|T T T T T T
T| T|F T F F T T
T|IF [T F T T T F
T|F|F F T F F F
FI T T T T T T T
F|I T| F T F T T T
FIF | T T T T T T
FI|F | F T T T T T
Table 1.18
Truth values in the last column are not same, hence it is contingency.
v) [pva)vrle vy
Pla]r{pvglevavrigvripv(@vn |[[(Pvavri<[pv(qvn]
T| T (T T T T T T
T|T]|F T T T T T
TIF | T T T T T T
T|F | F T T F T T
FIT | T T T T T T
F|T]|F T T T T T
FIF | T F T T T T
F|F | F F F F F T
Table 1.19 All the truth values in the last column are T, hence it is tautology.




@ Exercie.1.2 J

Q.1. Construct the truth table for each of the following statement patterns.

) [(pPo>a)Adl—p

i)  (PAr~a)e>(P—>0

i) (pArg)e(qvr)

iv) p—=>[~@nan)]

v)  ~pallpv~q)ad]

Vi) (=p—o>~dA(-qd—>~p)
vi) (qop)v(~pe Q)

viii) [p—=>@—>nNl<(prg) —>r]
iX) p—>[~(@narn)]

X)) (pv~=q)—>(rAp)

Q.2. Using truth tables prove the following logical equivalences.

) ~pAg=(PvaA~p

i) ~(PvagvEpag=-~p

i) peg=~[pva)a~(pPAaag)]
iv) p—>@—>p)=~p—>{P—>0)
V) (pvg)or=(p-onNa(-—r)
Vi) p—>@anN=E->aA(pP—>r)
vii) pa@vn=@Aaqv(p Ar)
viii) [~(pva)v(pvaglar=r

iX) ~(Peog=PEa~-av@a-p)

Q.3. Examine whether each of the following statement patterns is a tautology or a
contradiction or a contingency.

) (pPArd)—>@Qvp

i) (p—>9<(Epva

i) [~(pa~aQ)lvq

iv) [(p—>a)Aq]—>p

v) [P Ar~gl—>~p

vi) (peagA(p—>~0a)

vii) ~(~qA p)Aq

viii) (pA~0q) < (p—>0q)

iX) (~p—>aA(PAn)

X)) [p>CFagvn]le~[p—>@—>r)




1.3 QUANTIFIERS, QUANTIFIED STATEMENTS, DUALS, NEGATION OF
COMPOUND STATEMENTS, CONVERSE, INVERSE AND CONTRAPOSITIVE

OF IMPLICATION.

1.3.1 Quantifiers and quantified statements.
Look at the following statements :
p : "There exists an even prime number in the set of natural numbers".
g : "All natural numbers are positive".

Each of them asserts a condition for some or all objects in a collection. Words "there exists"
and "for all" are called quantifiers. "There exists is called existential quantifier and is denoted
by symbol 3. "For all" is called universal quantifier and is denoted by V. Statements involving
quantifiers are called quantified statements. Every quantified statement corresponds to a collection
and a condition. In statement p the collection is 'the set of natural numbers' and the condition is
'being even prime'. What is the condition in the statement q ?

A statement quantified by universal quantifier Vv is true if all objects in the collection satisfy
the condition. And it is false if at least one object in the collection does not satisfy the conditon.

A statement quantified by existential quantifier 3 is true if at least one object in the collection
satisfies the condition. And it is false if no object in the collection satisfies the condition.

Ex.1LIfA={1,2,3,4,5,6, 7}, determine the truth value of the following.
) Ix e Asuchthatx—-4=3
i) VvVxeA, x+1>3
i) VvVxeA 8-x<7
iv) dxeA, suchthatx+8=16

Solution :
) Forx=7,x-4=7-4=3
. X =7 satisfies the equation x —4 =3
.. The given statement is true and its truth value is T.
i)  Forx=1,x+1=1+1=2which is not greater than or equal to 3
- Forx=1, x+1>3isnot true.
.. The truth value of given statement is F.
i) Foreachxe A 8-x<7
.. The given statement is true.
- Itstruth value is T.
iv)  There is no x in A which satisfies x + 8 = 16.
.. The given statement is false. .. Its truth value is F.
1.3.2 Dual : We use letters t and c to denote tautology and contradiction respectively.

If two statements contain logical connectives like v, A and letters t and c then they are said to
be duals of each other if one of them is obtained from the other by interchanging v with A and
t with c.

Thedualof i)pvqis paqQ iiytvpiscap lii)tAapiscvp

11




Ex.1. Write the duals of each of the following :

) (pAg)vr i) tv(pva)
i) pal~av(pargv~r] iv) (pva)at
V) (pvgvr=pv(qvr) Vi) pAgAar

vii) (pAat)v(ca~Q)

Solution :
) (pvaar i) ca(pnrq)
i) pv[~qa(pvaa~r1] iv) (pAag)ve
V) (pAQ)Ar=pa(qQar) vi) pvgvr

vii) (pve)a(tv~q)

1.3.3 Negations of compound statements :

Negation of conjunction : When is the statment "6 is even and perfect number" is false? It is so,
if 6 is not even or 6 is not perfect number. The negation of p A g is ~ p v ~ g. The negation of "6 is
even and perfect number"” is "6 not even or not perfect number™.

Activity : Using truth table verify that~ (p AQ)=~pv ~(
Negation of disjunction : When is the statement "x is prime or y is even" is false? It is so, if x is not

prime and y is not even. The negation of p v q is ~ p A ~ . The negation of "x is prime or y is even"
IS "x is not prime and y is not even".

Activity : Using truth table verify that~ (pv g)=~pA~(

Note: '~(pAaq)=~pv~qand'~(pvQg)=~pA~( arecalled De'Morgan's Laws

Negation of implication : Implication p — q asserts that "if p is true statement then q is true
statement™. When is an implication a true statement and when is it false? Consider the statement "If
bakery is open then I will buy a cake for you." Clearly statement is false only when the bakery was
open and | did not buy a cake for you. The conditional statement "If p then g" is false only in the
case "p is true and q is false". In all other cases it is true. The negation of the statement "If p then q"
is the statement "p and not ™. i.e. p does not imply q

Activity : Using truth table verify that ~(p > Q)= pA~Q

Negation of biconditional : The biconditional p <> q is the conjuction of statementp — qand g — p.
L peq=(pP—>9A@—>p)

.. The conditional statement p <> q is false if p — q is false or g — p false.

The negation of the statement "p if and only if g " is the statement "p and not g, or g and not p".
L~Peg=Pa~aqv(a~p)

Activity : Using truth table verify that~ (p<>q)=(pP A ~q) v (A ~p)

1.3.4 Converse, inverse and contrapositive

From implication p — g we can obtain three implications, called converse, inverse and contrapositive.
g — p is called the converse of p —q
~p — ~qis called the inverse of p — Q.
~( — ~ p is called the contrapositive of p — Q.

1 )



Activity :
Prepare the truth table forp — g, 9 > p, ~ p = ~g and ~ g —» ~p. What is your conclusion
from the truth table ?

Ex.1) Write the negations of the following.
i) 3+3<5 or 5+5=9
i) 7>3and4>11
i) The number is neither odd nor perfect square.
iv)  The number is an even number if and only if it is divisible by 2.

Solution :
i) Letp:3+3<5:q:5+5=9
Given statement is p v g and its negationis~(pv g)and~(pvq) =~pA~q
. The negation of given statementis3+3>5and5+5=9
i) Letp:7>3; g:4>11
The given statement isp A g
Its negationis~(pAaq)and~(pAQ)=~pv~{(Q
.. The negation of given statementis7<3or4<11
i) Letp: The number is odd
g : The number is perfect square
Given statement can be written as 'the number is not odd and not perfect square'
Given statementis~p A ~(
Its negationis~(~pA~Qq) =pvq
The negation of given statement is "The number is odd or perfect square'.
iv)  Letp: The number is an even number.
g : The number is divisible by 2
Given statement is p <> ¢
Its negation is ~ (p <> Q)
But~(p<>a)=(PAr~a)v(@r~p)
The negation of given statement is 'A number is even but not divisible by 2 or a number is
divisible by 2 but not even'.
Negation of quantified statement : while doing the negations of quantified statement we
replace the word "all' by 'some’, "for every" by "there exists" and vice versa.
Ex.2.Write the negations of the following statements.
) All natural numbers are rational.
i) Some students of class X are sixteen year old.
i) IneNsuchthatn+8>11

iv) VxeN,2x+1isodd




Solution :
) Some natural numbers are not rationals.
i) No student of class X is sixteen year old.
i) vneNn+8<l1l
iv) 3 x e Nsuch that 2x + 1 is not odd

Ex.3.Write the converse, inverse and contrapositive of the following statements.
i) If a function is differentiable then it is continuous.
i) Ifitrains then the match will be cancelled.

Solution :
(1) Letp: Afunction is differentiable
q : A function is continuous.

. Given statement is p — ¢
i) Itsconverseisq—p

If a function is continuous then it is differentiable.
i) Itsinverseis~p—~q.

If a function not differentiable then it is not continuous.
iii)  Its contrapositive is~q— ~p

If a function is not continuous then it is not differentiable.

(2) Letp:ltrains, q: The match gets cancelled.

.. Given statementis p — q
)] Its converseisq — p

If the match gets cancelled then it rains.
i) Inverseis~p—~q

If it does not rain then the match will not be cancelled.
iii)  Its contrapositive is ~q — ~ p.

If the match is not cancelled then it does not rain.

@ Exercise 1.3 J

Q.1. IfA={3,57,9, 11, 12}, determine the truth value of each of the following.
i) Ix € Asuchthatx-8=1
i)  VxeA, x2+xisaneven number
iii) I xe Asuchthatx?<0
Iv) ¥V Xxe A, Xisaneven number
v)  dx e Asuchthat 3x + 8 > 40
vi) VxeA 2x+9>14

Q.2. Write the duals of each of the following.
i) pv(gar) i) pa(@ar) i) (pvag Aa(rvs) iv) pa-~q
V) (~pv a)Aa(=ras) Vi) ~pa(~aga(pvaga~r)
vii) [~(pv o)l Aalpv=(@a~9)]vii)) cv{pa(q@vn}ix) ~pv(@rnNatx)(pvagvc

1= )



Q.3. Write the negations of the following.

i) Xx+8>1lory-3=6
i) 1l1<15and25>20

iii)  Qudrilateral is a square if and only if it is a rhombus.

iv)  Itiscold and raining.

v) Ifitis raining then we will go and play football.

vi) /2 isarational number.

vii)  All natural numbers are whole numers.
viii) Vv n e N,n?+n+2isdivisible by 4.

iX) IxeNsuchthatx—-17<20

Q.4. Write converse, inverse and contrapositive of the following statements.

i) Ifx<ythenx?<y?(x,y € R)

i)  Afamily becomes literate if the woman in it is literate.

iii)  If surface area decreases then pressure increases.

iv)  If voltage increases then current decreases.

[1.4 SOME IMPORTANT RESULTS : :|

1.4.1.
) p—o>d=~pvq
i) pv@an=pEvaavr

i) peoa=PE—->a9A@—0p)
V) pAa(@vn=(pPAq)v(pnar)

Columns (1V, VII) and (VI, VIII) are identical.
p—>g=~pvgandp<q=(p—q) A(q— p) are proved.

Activity :

Prove the results (iii) and (iv) by using truth table.

| 1 1 v V VI VIl I

p q ~p P> [g—>Pp | P<>q | PvqQ | P—>0Aq—>Dp

T T F T T T T T

T F F F T F F F

F T T T F F T F

F F T T T T T T
Table 1.20




1.4.2. Algebra of statements.

Idempotent Law

PAP=D, Pvp=p

Commutative Law

Pvg=gqvp pAg=gqAp

Associative Law

PA@AT)=(PAQ)AT=PAGAT

pv(@vrn=(pvavr=pvagvr

Distributive Law

PA@vnN=(PAgv(pAar)

pv@an=(@vaa(vn

De Morgan's Law

~(pAQ)=~pv~q~(Pva)=~pA~qQ

Identity Law

PpAT=p,pAaF=FpvFE=p,pvT=T

Complement Law

pA~p=Fpv~p=T

Absorption Law

pv(pAag)=p.pa(pva)=p

Conditional Law

P—>q=~pva

Biconditional Law

peod=PE->DA@—>p)=CEpvaa(=gvp)

Table 1.21

@) Solved Examples]

Ex.1. Write the negations of the following stating the rules used.

i)
i)

v)

Solution :

i)

i)

(Pva)a(@v~r)
PA(QVY)
PAQ)—>(~pvr)

i(p—q)vr

~[pva)a@v~nl=~(pvav~(@Qv~r)
=(~pA~QVv(~gAr)
=(~gA~p)v(~qAar)

=~qAa(~pvr)

~[p—>qvrl=~(pP—>qA~r
= (pPA~QA~T [~Fp—>aq=par~d]

~[pAr(@vn]l=~pv~(Qvr)
=~pv(=qa~r)

~[prg)vpar~-d]l=~Cprg)r~(PA ~0)
=(pv~gAa(~pva)

~[prag)>CpvnNl=PEArg)A~(~pvr)
=(pArdAlpa~r]
=EgqAPAPA~T
=qQAPA~T

V) (~pArq)v(pr~0)

[DeMorgan’s law]
[DeMorgan’s law]
[Commutative law]
[Distributive law]

[DeMorgan’s law]

[DeMorgan’s law]
[DeMorgan’s law]

[DeMorgan’s law]
[DeMorgan’s law]

[~(P—>a)=pa~d]
[DeMorgan’s law]
[Associative law
[Idempotent law]




Ex.2.Rewrite the following statements without using if ...... then.

) If prices increase then the wages rise.
i) Ifitis cold, then we wear woolen clothes.
Solution :
i) Let p : Prices increase
g : The wages rise.
The given statementisp — q
butp—>qg=~pvq
The given statement can be written as
'Prices do not increase or the wages rise'.
i) Letp:Itiscold, g:We wear woollen clothes.
The given statementisp — q
butp—>qg=~pvq
The given statement can be written as
It is not cold or we wear woollen clothes.

Ex.3.Without using truth table prove that :
) poa=~PaA~qA~(@r~p)
i)  ~(pPvav(Epag=-~p
i) ~pag=(pPvga~p

Solution :

)] We know that

p<>dq=pP—>aA@—>p)

(~pva)a(~gqvp)

=~(pAr~a)A~(QAr~p)

i) ~pPvavEparg=Epa~gv(=pAaa)
=~pA(-qvaQ)
=~pAT
=~p

i) (pAg)Aa~p =~pa(pva)

(~pAp)v(~pAq)

=Fv(~p~AQ)

=~pAq

[Conditional law]

[Demorgan’s law]
[Demorgan’s law]
[Distributive law]

[Complement law]
[Identity law]

[Commutative law]
[Distributive law]
[Complement law]
[Identity law]




@ Exercise 1.4 J

Q.1

Q.2.

Q.3.

Using rules of negation write the negations of the following with justification.
) ~q-p i) pa~q

i) pv~q iv) (pv~QqQ)Aar

v) p-(pv~a0) vi) ~(pArg)v(pv~a)

vii) (pv~a)—>(PA=~0q) viii) (~pv~aq)v(pA~0q)

Rewrite the following statements without using if .. then.

) If a man is a judge then he is honest.
i) It2isarational number then /7 is irrational number.
iii) 1t f(2) = 0 then f(x) is divisible by (x — 2).

Without using truth table prove that :

) peq=PEAg)v(~pAr~0)

i)  (pva)a(pv~ag)=p

i) (pArg)v(pargvpa~a=pvq

iv) ~[pv~-a)—>@EAr~Ql=(pPv~-aA(=pva)

Application of Logic to switching circuits :

We shall study how the theory of Logic can be applied in switching network. We have seen
that a logical statement can be either true or false i.e. it can have truth value either T or F.

A similar situation exists in various electrical devices. For example, an electric switch can be
on or off. In 1930 Claude Shannan noticed an analogy between operation of switching circuits and

operation of logical connectives.

In an electric circuit, switches are connected by wires. If the switch is 'on’, it allows the electric
current to pass through, it. If the switch is 'off', it does not allow the electric current to pass through

it. We now define the term 'switch' as follows.
Switch : A switch is a two state device used to control the flow of current in a circuit.

We shall denote the switches by letters S, S, S,, S, .... etc.

I G
. /, 5 . >

S _:__ Battery Lamp L)

Fig. 1.1 Fig. 1.2




In figure 1.2, we consider a circuit containing an electric lamp L, controlled by a switch S.

When the switch S is closed (i.e. on), then current flows in the circuit and hence the lamp
glows. When the switch S is open (i.e. off), then current does not flow in the circuit and subsequently
the lamp does not glow.

The theory of symbolic logic can be used to represent a circuit by a statement pattern. Conversely
for given statement pattern a circuit can be constructed. Corresponding to each switch in the cirucit
we take a statement letter in statement pattern. Switches having the same state will be denoted by the
same letter and called equivalent switches. Switches having opposite states are denoted by S and S'.
They are called complementary switches. In circuit we don't show whether switch is open or closed.
In figure 1.3 switch S, corresponds to statement letter p in the corresponding statement pattern.

We write it as p : switch S, and ~ p : switch §',

The correspondence between switch S, and statement letter g is shown as q : switch S, and
~( :switch S'.
We don't know the actual states of switches in the circuit. We consider all possible combinations of

states of all switches in the circuit and prepare a table, called "Input Output table”, which is similar
to truth table of the corresponding statement pattern.

#*  Inan Input-output table we represent '1' when the state of the switch is ‘on" and '0"' when the
state of the switch is 'off".

1.5.1. Two switches in series.
Two switches S, and S, connected in series and electric lamp 'L" as shown in fig 1.3.

Let p: The switch S,
g : The switch S,
L:Thelamp L
Input output table (switching table) for p A g.

P q pAq

1 1 1

1 0 0

0 1 0

0 0 0
Table 1.22

==



1.5.2 Two switches in parallel :
Two switches S, and S, are connected in parallel and electric lamp L is as shown in fig. 1.4
Let p:Theswitch S,
q: The switch S, >
L: Thelamp L

S,

Input - output table. for p v q.
p q pvq
1 1

(BN
o

— Battery Lamp L)

o
[EY

1
1
0

o
o

Table 1.23 Fig. 1.4

Q.1. Express the following circuits in the symbolic form of logic and write the input-output

table.
i) A
Sl
> et >
S2
A
T siS \
—I[—O—
Fig. 1.5
i) iii)
L
Sl S2
/ /
S > °
LA s St S,
N S'l S; > /= Sz > /-
/ S, S,
l < ) < | <
) 1 HO—
Fig. 1.6 Fig. 1.7
{ 23 )




Solution :

)] Let p : The switch S, g : The switch S, L: Thelamp L
Given circuit is expressedas(p v q) v (~pA~Q)
Solution :
P q ~p ~q pvq ~pAr~q | (pvg v (=p~Qq)
1 1 0 0 1 0 1
1 0 0 1 1 0 1
0 1 1 0 1 0 1
0 0 1 1 0 1 1
Table 1.24
i) Letp:Theswitch S, isclosed
g : The switch S, r: The switch S, L:ThelampL
The symbolic formis[(pAq) v (~pA~Q)] AT
plalr |~pl-a(parg|Prd)v(pa~a)|(PArd)v(PA~Q) [(PAd)V
(PA~Q)] AT
11111 ]|0(0 1 0 1 1
111/0(|0|0O0 1 0 1 0
1101 (|0]1 0 0 0 0
110001 0 0 0 0
O(1]1(1]0 0 0 0 0
O(1j0(1]0 0 0 0 0
0|01 |1]|1 0 1 1 1
0O|0]0(|1]1 0 1 1 0
Table 1.25
i) Let p : The switch S, g : The switch S,

The symbolic form of given circuitis(pv g) Ag A (rv ~p)

r : The switch S,

L: Thelamp L

p q r ~p | pvq rv-p [(pva)a~q| (Pva)agna(rv~p)
1 1 1 0 1 1 1 1
1 1 0 0 1 0 1 0
1 0 1 0 1 1 0 0
1 0 0 0 1 0 0 0
0 1 1 1 1 1 1 1
0 1 0 1 1 1 1 1
0 0 1 1 0 1 0 0
0 0 0 1 0 1 0 0
Table 1.26




Ex.2. Construct switching circuits of the following.
) [PviEpaglviaanv~p]

i) (Parganvpv(qa~n)]

i) [(pAnNv(ga~nN]v(=pa~r)

Solution :
Let p:The Switch S
g : The switch S,
r . The switch S,
The circuits are as follows.

< L

Sl S2 S3
,/ e s / s
VIS I S e i
S; Sy /= /=
i s, )
/ Y
S - |||| (D)
|0 —II—0—
R o/
Fig. 1.8 Fig. 1.9

A4

N S'l ¥
< I | | | <
Fig. 1.10
{ 25 )




Ex.3. Give an alternative arrangement for the following circuit, so that the new circuit has

minimum switches.

Let p:The switch S, Fig. 1.11
g: The switch S,
The symbolic formis (pA~q) v (~pAQ) v (~pA~Q)
Consider (pA~qQ)v(~pAqQ)v(~pA~Q)
=(pA~0) v~pA(@v~0)]
=(pA~0) v[~pAT]

PA~Q)v~p
=~pv(pr~0)
=(pvp)A(=pAr~0Q)
=ta(~pv~0)
=~pv~{(Q
The alternative arrangement for the given circuit is as follows :
/
)
/
S
(1)
1|1 (L) —
Fig. 1.12

[Distributive Law]
[Complement Law]
[Identity Law]
[Commutative Law]
[Distributive Law]
[Law of Complement]
[Identity Law]

Ex.4. Express the following switching circuit in the symbolic form of Logic. Construct the

switching table and interpret it.

A
S
! _/.é_/.—
/= S S,
S,
I f‘\ el
— 1]} O——=
Fig. 1.13




Solution :
Let p:TheswitchS,
g : The switch S,
The symbolic form of the given switching circuit is (p v ) A (~p) A (~0Q)
The switching table.

p q ~p ~q (pvad| (Pva)Aa(~p) [ (PvaA)A(=p)A(=0)
1 1 0 0 1 0 0
1 0 0 1 1 0 0
0 1 1 0 1 1 0
0 0 1 1 0 0 0
Table 1.27

Last column contains all 0, lamp will not glow irrespective of the status of the switches.
Ex.5. Simplify the given circuit by writing its logical expression. Also,write your conclusion.

A
-—>—/-— g _>_/._>-.
S, P S,
S,
Fig. 1.14

Let p:TheswitchS,
g: The The swtch S,
The logical expression for the given circuitispA(~pv~Qg)AQ

Consider
pA(=pv~0a)Aq

= [pAa(~pv~alaq [Associative Law]
= [pAr~p)v(PVv~qlag [Distributive Law]
= [Fv(pa~qlaq [Complement Law]
= (pA~0Q)AQ [Identity Law]

= pa(~qnQ) [Associative Law]
= pAF [Complement Law]
= F [Identity Law]

Conclusion : The lamp will not glow irrespective of the status of the switches.




Ex. 6 : In the following switching circuit,

i) Write symbolic form ii) Construct switching table iii) Simplify the circuit

et

S, S
e

S) $,
/

S S

N
IO
Fig. 1.15
Solution : Letp: The switch S, . q: The switch S, . r : The switch S,

1) The symbolic form of given circuitis(p A @) v (~pAQ) v (r A~q).
i) Switching Table :

Pla|r |~p|~9|~paq[~pAq[ra~q| PAQV(PAQV(IFA~Q)
1111|010 1 0 0 1
1{1]0]0]O0 1 0 0 1
1({0]1]0]1 0 0 1 1
1({0]0]0]1 0 0 0 0
0 1 1 1 0 0 1 0 1
o|1(0]1]|0O0 0 1 0 1
o|jof1]1]|1 0 0 1 1
o|jof0]|]1]|1 0 0 0 0
Table 1.28
iii) Consider =(pAqQ)v(~pAQg)v(ra~q)
=[(pv~p)Ad]v[(ra~q)] [Distributive Law]
=(TAQ)v(rv~q) [Complement Law]
=qv(ra~Qq) [Identity Law]
=(qvra(@v-~q) [Distributive Law]
=(QvnAT [Complement Law]
=(@Qvr) [Identify Law]
Simplified circuit is :
SZ
S;
[ —®
Fig. 1.16




@ Exercise 1.5 J

Q.1. Express the following circuits in the symbolic form of logic and writ the input-output
table.

() S, (i) S, S,
A / A
S, S; . S, S; |
I e (T
|| ——) 1 (D—
Fig. 1.17 Fig. 1.18
(iii) (iv)
S, |_
Sl
S S3 > /3 > /3
S S
1 /._>_ 3
‘v [ +/._ S2 > /:
82 S3 ! S2 Svl
| — M - | .
— 1| (L) < | | HD—
Fig. 1.19 Fig. 1.20
(v) (vi)
S,
P AV
S, S, S, S, S,
M T
®© ®
Fig. 1.21 Fig. 1.22




Q.2. Construct the switching circuit of the following :

DEPAd v (pA~T) i) (p A Q) V[P A (~qvpv)]
) [(PAnNv(EgA~NIA(PpA~T) V)(pAa~aanvipa(~qv-r)]
V)pv(=p)v(=q)v(pArQ) vi) (pA Q) v (=p) v (pA~0)
Q.3. Give an alternative equivalent simple circuits for the following circuits :
(i) e (i) s e
e S/ _)_/._ S, |
S, / S > "o
S, (
pp— o—3 S3 R o
FD N
Fig. 1.23 ~ —)—/’_/'—)—/’_
S S, S
Fig. 1.24

Q.4. Write the symbolic form of the following switching circuits construct its switching table
and interpret it.

i) i)

v

1%
[ ]

%2
®

¥

v
\%
%2
g

Y

S, S, | (1)
Fig. 1.25 Fig. 1.26
(iii) /
s, ° s, *
S, >
. S S e
S, S, S,
i ®

Fig. 1.27

Q.5. Obtain the simple logical expression of the following. Draw the corresponding
switching circuit.

Dpv(@Aa~aq) N EpArgv(Epa~aq) vpa~ag)]
i pEgv-NIaPv@nar) V) (PAGA~P)V(=PAGAT)V(PA~QAT)
v(pAgAar)

=



Iﬁ@ Let’s remember!

1) A declarative sentence which is either true or false, but not both simultaneously is called a
statement.
Sr. | Connective | Symbolic | Name of Com- Hint in Negation
No. Form [pound Statement | truth table
i) and pAq |Conjunction TAT=T ~pv~q
i) or pvq | Disjunction FVvF=F ~pA~qQ
i) | if... then p—q | Conditional T—>F=F pA~qQ
iv)[ ifandonly | p<>q |Biconditional ToT=T | (pa~q)v(ga-~p)
if FoF=T
Table 1.29
3) Inthe truth table of the statement pattern if all truth values in the last column
a) are "T' then it is tautology.
b) are 'F' then it is contradiction.
4)  In the truth table of the statement pattern if some entries are 'T' and some are 'F' then it is
called as contingency.
5)  The symbol V stands for ‘for all' or 'for every'. It is universal quantifier. The symbol 3 stands
for 'for some' or 'for one' or 'there exists at least one'. It is called as existential quantifier.
6)  Algebra of statements.
Idempotent Law PAP=D, Pvp=p
Commutative Law pPvag=qvp pAQgq=qAap
Associative Law PA@AN=(PAQAT=pAQAT
pv@vn=(vgvr=pvqgvr
Distributive Law pA(@vi=(pPAagv(pAar)
pv@an=(pPvaa(vr)
De Morgan's Law ~PAQ)=~pv~q,~(pvag)=~pA~q
Identity Law PAT=p,pAF=FpvF=ppvT=T
Complement Law pr~p=Fpv~p=T
Absorption Law pv(pArg)=p,pAa(Pva)=p
Conditional Law P—>Q0=~pvq
Biconditional Law pe>gd=pP—->qA@—>p)=CEpvaa(~qvp)
7)  If p > qis conditional then its converse is q — p, inverse is ~p — ~q and contrapositive

Is~q—~p.




8)

Switching circuits :

Input-output table

1) Switches in series il) Switches in parallel.
é_/.ﬁ_/.— S=
Sl Sz !
—_ Battery qLD ’
Fig. 1.28 = Battery Lamp (L)
Fig. 1.29
p q pA(g pvq
1 1 1 1
1 0 0 1
0 1 0 1
0 0 0 0
Table 1.30

Miscellaneous Exercise 1

Select and write the correct answer from the given alternatives in each of the following

questions :
)] If p A qisfalse and p v qis true, the is not true.
A) pv( B) p<q C) ~pv~q D) qv-~p
i)  (pAqg)—rislogically equivalentto .
A)p—>(@—r1) B)(pArg)—>-r CQ(pv~q)—>-~r D)(pvag) —>r
iii)  Inverse of statement pattern (pv q) > (p A Q) is
A)(pAa)—(pva) B)~(pva)—>(prq)
C) (P A~0Q) > (~p Vv ~0) D) (~p v ~Q) = (~p A ~0)
iv) IfpaqisF,p— qisF then the truth values of p and g are
AT, T B)T,F CFT D)F,F
v)  The negation of inverse of ~p — q is .
A)gnp B)~-pAr~q C)pnq D) ~q—>-p
vi) ThenegationofpA(q—r)is
A)~p A (~q— ~T) B)pv(~qvr)
C)~pA(~q—>-r1) D)~pv(~qA-~T)
vii) IfA={1, 2, 3, 4, 5} then which of the following is not true?
A)3Ix e Asuchthatx+3=8 B) Ix e Asuchthatx +2<9
C)VxeAx+62>9 D) Ix e Asuchthatx +6 <10

==



Q.2.

Q.3.

Q.4.

Q.5.

Q.6.

Q.7.

Which of the following sentences are statements in logic? Justify. Write down the truth
value of the statements :

i) 41=24.

i) misan irrational number.

iii)  Indiais a country and Himalayas is a river.

iv)  Please get me a glass of water.

V)  €0s%0 - sin0 = cos20 for all 6eR.

vi)  If xis a whole number the x + 6 = 0.

Write the truth values of the following statements :

)] V5 is an irrational but 35 isacomplex number.

i) V¥ neN,n?+niseven number while n?-n is an odd number.

iii) 3 ne Nsuchthatn+5>10.

iv)  The square of any even number is odd or the cube of any odd number is odd.
v)  In AABC if all sides are equal then its all angles are equal.

vi) VneN,n+6>8.

IfA={1,23,4,5,6,7,8, 9}, determine the truth value of each of the following
statement :

) 3 x e Asuch that x + 8 = 15.

i) VxeAx+5<12,

i) I xe A suchthatx +7>11.

iv) VxeA, 3x<25.

Write the negations of the following :

) YneAn+7>6.
i) I xeA suchthatx +9<15.
iii)  Some triangles are equilateral triangle.

Construct the truth table for each of the following :
) p—>@—>p) i) (pv-~Q)e[~(pAa)]
i) ~(~pA-~0)vq v)  [(pAad)vrIal~rv(paq)]

v) [pva)Aa(@—=>nN]l—>(@—>r)

Determine whether the following statement patterns are tautologies contradictions or
contingencies :

) [(po>a)A~a)]—>~p i)  [(pva)a~plr~q

i) (p->a)A(pa~a) iv) [p->@->nNle(pag) —r]

v) [pAr(p—a)l—q vi) (pAg)v(=pAq)v(pv~a)v(-pA=0)
vii) [(pv-~a)v(=pAa)]ar viii) (p—> g)v(q—p)




Q.8. Determine the truth values of p and q in the following cases :
1) (pvisTand(pAQ)isT
i) (pvisTand(pvqg)—>qisF
i) (paq)isFand(paqg)—>qisT
Q.9. Using truth tables prove the following logical equivalences :
) peq=(pPag)v(-pa~0)
i) (prg)—>r=p->@-r)
Q.10.Using rules in logic, prove the following :
) peg=~(pPA~q)A~(Qr~p)
i) ~pArg=(Pva)A~p
i) ~(pva)v(prg)=-p
Q.11.Using the rules in logic, write the negations of the following :
) (pvaa(@v-n i) pa(@vr)
i) (p—o>a)nar iv) (pAQ)v(pA-~Q)

Q.12.Express the following circuits in the symbolic form. Prepare the switching table :

w (i)
Sl SZ

., .,
/ J S, X S
1 S j a /.
g 3
S, S, =
I [—=—© L. <
Fig. 1.30 Fig. 1.31

Q.13.Simplify the following so that the new circuit has minimum number of switches. Also,
draw the simplified circuit.

_~ S S s, _s
s s, ] R /23 —— j

) / / . /s‘" A

() o S (i = St
> "

S\ s, 11 O——

< I||I < @
Fig. 1.32 Fig. 1.33




Q.14. Check whether the following switching circuits are logically equivalent - Justify.

/o /o — e e
_ S, S i) S, S,
A)) — | i) .
< B G
S S, S,
Fig. 1.34 Fig. 1.35
/e < /.
B)i) o] ! S i) S, .
/= /= ) — — o—
S S, S,
Fig. 1.36 Fig. 1.37
Q.15.Give alternative arrangement of the Q.16 Simplify the following
switching following circuit, so that the new circuit circuit.
has minimum switches.
)
J._/._/._
J._/._/ 82
o—
S1
- Jo—/o—/o— g
Jo—/o—/o— S;
S1
~ II|= O— g
Fig. 1.38 2
[ F—O—
Fig. 1.39

Q.17.Represent the following switching circuit in symbolic form and construct its switching
table. Write your conclusion from the switching table.

/. o
S /. S
%ﬁ S S Fig. 1.40
1 S; SZ S3
1] F——0
+444+
( 35 )



