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Preface

In the case of good books, the point is not how many of them you can get through, but rather how many can get
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drafted to boost the students confidence. The book is prepared as per the Maharashtra State board syllabus and

provides answers to all textual questions. Neatly labelled diagrams have been provided wherever required.
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each topic. Important theories and formulae are the highlights of this book. The steps are written in a systematic

manner for easy and effective understanding.

The journey to create a complete book is strewn with triumphs, failures and near misses. If you think we’ve

nearly missed something or want to applaud us for our triumphs, we’d love to hear from you.

Please write to us on : mail@targetpublications.org

Best of luck to all the aspirants!

Yours faithfully,
Publisher



PAPER PATTERN

There will be one single paper of 80 Marks in Mathematics.
Duration of the paper will be 3 hours.

Mathematics paper will consist of two parts viz: Part-1 and Part-I1.
Each Part will be of 40 Marks.

Same Answer Sheet will be used for both the parts.

Each Part will consist of 3 Questions.

The sequence of the Questions will be determined by the Moderator.

The paper pattern for Part—I and Part—I1 will be as follows:

Question 1:

This Question will carry 12 marks and consist of two sub-parts (A) and (B) as follows:

(A) This Question will be based on Multiple Choice Questions.
There will be 3 MCQs, each carrying two marks.

(B) This Question will have 5 sub-questions, each carrying two marks.
Students will have to attempt any 3 out of the given 5 sub-questions.

Question 2:

This Question will carry 14 marks and consist of two sub-parts (A) and (B) as follows:

(A) This Question will have 3 sub-questions, each carrying three marks.
Students will have to attempt any 2 out of the given 3 sub-questions.
(B) This Question will have 3 sub-questions, each carrying four marks.

Students will have to attempt any 2 out of the given 3 sub-questions.

Question 3:

This Question will carry 14 marks and consist of two sub-parts (A) and (B) as follows:

(A) This Question will have 3 sub-questions, each carrying three marks.
Students will have to attempt any 2 out of the given 3 sub-questions.
(B) This Question will have 3 sub-questions, each carrying four marks.

Students will have to attempt any 2 out of the given 3 sub-questions.
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Introduction

Mathematics is an exact science. Every
mathematical statement must be precise. Hence,
there has to be proper reasoning in every
mathematical proof.

Proper reasoning involves logic. The study of logic
helps in increasing one’s ability of systematic and
logical reasoning. It also helps to develop the skills
of understanding various statements and their
validity.

Logic has a wide scale application in circuit
designing, computer programming etc. Hence, the
study of logic becomes essential.

Statement and its truth value

There are various means of communication viz.,
verbal, written etc. Most of the communication
involves the use of language whereby, the ideas are
conveyed through sentences.

There are various types of sentences such as:
i. Declarative (Assertive)

ii. Imperative (A command or a request)

iii.  Exclamatory (Emotions, excitement)

iv.  Interrogative (Question)

Statement

A statement is a declarative sentence which is either
true or false but not both simultaneously. Statements
are denoted by the letters p, g, T....

For example:

i. 3 is an odd number.

ii.  5isa perfect square.

iii.  Sunrises in the east.

iv. x+3=6,whenx=3.

Truth Value

A statement is either True or False. The Truth value
of a ‘true’ statement is defined to be T (TRUE) and
that of a ‘false’ statement is defined to be F
(FALSE).

Note: 0 and 1 can also be used for T and F
respectively.

Consider the following statements:

i There is no prime number between 23 and 29.

ii.  The Sun rises in the west.

iili.  The square of a real number is negative.

iv.  The sum of the angles of a plane triangle is
180°.

Here, the truth value of statement i. and iv. is T and

that of ii. and iii. is F.

Note:

The sentences like exclamatory, interrogative,
imperative etc., are not considered as statements as
the truth value for these statements cannot be
determined.

Open sentence

An open sentence is a sentence whose truth can vary
according to some conditions, which are not stated in the
sentence.

Note:
Open sentence is not considered as statement in logic.

For example:

i. xx5=20
This is an open sentence as its truth depends on
value of x (if x = 4, it is true and if x = 4, it is
false).

ii.  Chinese food is very tasty.
This is an open sentence as its truth varies from
individual to individual.

LD

State which of the following sentences are
statements. Justify your answer. In case of the
statements, write down the truth value.

Exercise 1.1

i. The Sun is a star.

ii.  May God bless you!

iii.  The sum of interior angles of a triangle is
180°.

iv.  Every real number is a complex number.

v.  Why are you upset?
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vi. Every quadratic equation has two real
roots.

vii. /=9 is a rational number.

viii. x?-3x+2=0, impliesthatx=-1orx =-2.
ix.  The sum of cube roots of unity is one.

X.  Please get me a glass of water.

xi.  Heisagood person.

xii.  Two is the only even prime number.

xiii. sin 20 = 2sin 6 cos O for all 6 € R.

xiv.  What a horrible sight it was!

xv. Do not disturb.

Xvi. x*-3x—-4=0,x=-1.

xvii. Can you speak in French?

xviii. The square of every real number is positive.
xix. Itis red in colour.

xx.  Every parallelogram is a rhombus.

Solution:

i. It is a statement which is true, hence its truth
value is “T’.

ii.  Itisan exclamatory sentence, hence, it is not a
statement.

iii. It is a statement which is true, hence its truth
value is ‘T’.

iv. It is a statement which is true, hence its truth
value is ‘T’.

v.  Itis an interrogative sentence, hence it is not a
statement.

vi. Itis a statement which is false, hence its truth
value is ‘F’.

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

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

ix. Itis a statement which is false, hence its truth
value is ‘F’.

X. It is an imperative sentence, hence it is not a
statement.

xi. It is an open sentence, hence it is not a
statement.

xii. It is a statement which is true, hence its truth
value is ‘T’.

xiii. It is a statement which is true, hence its truth

value is ‘T°.

xiv. It is an exclamatory sentence, hence it is not a
statement.

xv. It is an imperative sentence, hence it is not a
statement.

xvi. It is a statement which is true, hence its truth
value is ‘T’.

xvii. It is an interrogative sentence, hence, it is not
a statement.

xviii. It is a statement which is false, hence its truth
value is ‘F’. (Since, 0 is a real number and
square of 0 is 0 which is neither positive nor
negative).

xix. It is an open sentence, hence it is not a
statement. (The truth of this sentence depends
upon the reference for the pronoun ‘It’.)

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

Logical Connectives, Compound
Statements and Truth Tables

&5

Logical Connectives:

The words or group of words such as “and, or, if ....
then, if and only if, not” are used to join or connect
two or more simple sentences. These connecting
words are called logical connectives.

Compound Statements:

The new statement that is formed by combining two
or more simple statements by using logical
connectives are called compound statements.

Component Statements:
The simple statements that are joined using logical
connectives are called component statements.

For example:

Consider the following simple statements,
i e is a vowel

ii.  bisaconsonant

These two component statements can be joined by

using the logical connective ‘or’ as shown below:
‘eis a vowel or b is a consonant’

The above statement is called compound statement

formed by using logical connective ‘or’.
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Truth Table

A table that shows the relationship between truth
values of simple statements and the truth values of
compounds statements formed by using these simple
statements is called truth table.

Note:

The truth value of a compoud statement depends
upon the truth values of its component statements.

Logical Connectives

A.

AND [ A] (Conjunction):

If p and g are any two statements connected
by the word ‘and’, then the resulting
compound statement ‘p and q’ is called
conjunction of p and g which is written in the
symbolic form as ‘p A (.

For example:

p: Today is a pleasant day.

g: | want to go for shopping.

The conjunction of above two statements is
‘P A q’ i.e. ‘Today is a pleasant day and I want
to go for shopping’.

A conjunction is true if and only if both p and
q are true.

Truth table for conjunction of p and q is as
shown below:

m nm 4 H|©°
m 4 MM |
m T o m o H|>

Note:

The words such as but, yet, still, inspite,
though, moreover are also used to connect the
simple statements.

These words are generally used by replacing
‘and’.

OR [Vv] (Disjunction):

If p and g are any two statements connected by
the word ‘or’, then the resulting compound
statement ‘p or q’ is called disjunction of p and
g which is written in the symbolic form as
Pva.

The word ‘or’ is used in English language in
two distinct senses, exclusive and inclusive.

For example:
i Rahul will pass or fail in the exam.
ii. Candidate must be graduate or

post-graduate.

In eg. (i), ‘or’ indicates that only one of the
two possibilities exists but not both which is
called exclusive sense of ‘or’. In eg. (ii), ‘or’
indicates that first or second or both the
possibilities may exist which is called
inclusive sense of ‘or’.

A disjunction is false only when both p and g

are false.
Truth table for disjunction of p and q is as
shown below:
P qa [PV
T | T T
T F T
F T T
F F F
Exercise 1.2 ﬁﬁ}@
1. Express the following statements in

symbolic form:

i Mango is a fruit but potato is a
vegetable.

ii. Either we play football or go for
cycling.

iii.  Milk is white or grass is green.

iv. Inspite of physical disability, Rahul
stood first in the class.

v. Jagdish stays at home while Shrijeet
and Shalmali go for a movie.

Solution:

Let p : Mango is a fruit, g : Potato is a vegetable.
The symbolic form of the given statement is

pPAQ.

i. Let p : We play football, g : We go for cycling.

: The symbolic form of the given statement is
pva.

iii. Letp: Milkiswhite, q: Grass is green.

The symbolic form of the given statement is
pva.

iv.  Letp: Rahul has physical disability,

g : Rahul stood first in the class.
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The given statement can be considered as ‘Rahul
has physical disability and he stood first in the
class.’
The symbolic form of the given statement is
PAQ.
Let p : Jagdish stays at home,

q : Shrijeet and Shalmali go for a movie.
The given statement can be considered as
‘Jagdish stays at home and Shrijeet and Shalmali
go for a movie.’
The symbolic form of the given statement is
pPAQ.

Vi,

Let p: 9is a perfect square,
g: 11 is a prime number.
The symbolic form of the given statement is
pAQ.
Since, truth value of bothpand q is T.
truth value of pAQqis T

Let p : Moscow is in Russia,
g : London is in France.
The symbolic form of the given statement is
pva.
Since, truth value of p is T and that of g is F.
truth value of pv qis T

Solution:

Write the truth values

statements.

i. /3 is a rational number or 3 + i is a
complex number.

ii.  Jupiter is a planet and Mars is a star.

iii. 2+3#50r2x3<5

iv. 2x0=2and2+0=2

v.  9is a perfect square but 11 is a prime
number.

vi. Moscow is in Russia or London is in
France.

of following

Let p: /3 is a rational number,
g: 3 +iisacomplex number.
The symbolic form of the given statement is
pVaQ.
Since, truth value of pis F and that of q is T.
truthvalueofpvqis T
Let p : Jupiter is a planet,
g : Mars is a star.
The symbolic form of the given statement is
P AQ.
Since, truth value of p is T and that of g is F.
truth valueof pAqis F

Letp:2+3#5,
g:2x3<5.
The symbolic form of the given statement is
pVaQ.
Since, truth value of both pand q is F.
truth value of pv qis F
Letp:2x0=2,
g:2+0=2
The symbolic form of the given statement is
P AQ.
Since, truth value of pis Fand that of q is T.
truth value of p A qisF

Not [~] (Negation):

If p is any statement then negation of p
i.e., ‘not p’ is denoted by ~p. Negation of any
simple statement p can also be formed by
writing ‘It is not true that’ or ‘It is false that’,
before p.

For example:
p : Mango is a fruit.
~p : Mango is not a fruit.

Truth table for negation is as shown below:

P | -p
T F
F T

Note: If a statement is true its negation is false
and vice-versa.

Exercise 1.3

D

Write negations of the following statements:

X.
Soluti
i.

ii.

iii.

iv.

V.

Rome is in Italy.

5+5=10

3 is greater than 4.

John is good in river rafting.

m is an irrational number.

The square of a real number is positive.
Zero is not a complex number.
Re(z2)<|z]|.

The sun sets in the East.

It is not true that the mangoes are inexpensive.

on:
Rome is not in Italy.

5+5%10
3 is not greater than 4.
John is not good in river rafting.

7 is not an irrational number.
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vi.  The square of a real number is not positive.
vii.  Zero is a complex number.
viii. Re (2) > [z].
iX.  The sun does not set in the East.
X. It is true that the mangoes are inexpensive.
D. If....then (Implication,—>) (Conditional):
If p and q are any two simple statements, then
the compound statement, ‘if p then (q’,
meaning “statement p implies statement q or
statement q is implied by statement p”, is
called a conditional statement and is denoted
byp—>qorp=aq.
Here p is called the antecedent (hypothesis)
and q is called the consequent (conclusion).
For example:
Let p: Itravel by train.
g: My journey will be cheaper.
Here the conditional statement is
‘P — q: If | travel by train then my journey
will be cheaper.’
Conditional statement is false if and only if
antecedent is true and consequent is false.
Truth table for conditional is as shown
below:
p g | p—>q
T| T T
T|F F
F T T
F F T
Note: Equivalent forms of the conditional
statement
p % q: - - -
a.  pissufficient for q.
b g is necessary for p.
C. p implies q.
d. ponlyifqg.
e q follows from p.
E. Converse, Inverse and Contrapositive
statements:
If p — qis given, then its
converse is q—op
inverse is ~p—>~q
contrapositive is ~q > ~p

For example:
Let p : Smita is intelligent.
g : Smita will join Medical.

i g — p: If Smita joins Medical then she
is intelligent.

ii. ~p— ~q: If Smita is not intelligent then
she will not join Medical.

iii. ~q— ~p: If Smita does not join Medical
then she is not intelligent.

Consider, the following truth table:

q|p—>a|~P|~q|9—>P |~9q>~p |~P—>Q

m T o+ A

—

F|F
FIT
T|F

7

m o4 7n H

- 4 m —

- n -4 —

- n -
_|

T T T

From the above table, we conclude that

i a conditional statement and its
contrapositive are always equivalent.

ii.  converse and inverse of the conditional
statement are always equivalent.

If and only if (Double Implication, <)
(Biconditional):

If p and q are any two statements, then
‘p if and only if q” or ‘p iff q” is called the
biconditional statement and is denoted by
p < Q. Here, both p and q are called
implicants.

For example:
Let p : price increases
g : demand falls
Here the Biconditional statement is
‘p ©> q : Price increases if and only if demand
falls’.
A biconditional statement is true if and only if
both the implicants have same truth value.

Truth table for biconditional is as shown
below:

P | a4 |peg
T[T | T
T | F F
F T F
F | F T
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Exercise 1.4

LS

1.

Express the following in symbolic form.

i. I like playing but not singing.

ii.  Anand neither likes cricket nor tennis.

iii. Rekhaand Rama are twins.

iv. Itis not true that ‘i’ is a real number.

v.  Either 25 is a perfect square or 41 is
divisible by 7.

vi. Rani never works hard yet she gets
good marks.

vii. Eventhough it is not cloudy, it is still
raining.

Solution:

Vi,

Vil.

Let p: I like playing, g: | like singing,

The symbolic form of the given statement is
pPA=Q.

Let p: Anand likes cricket, g: Anand likes tennis.
The symbolic form of the given statement is
~PA~Q.

In this statement ‘and’ is combining two nouns
and not two simple statements.

Hence, it is not used as a connective, so given

statement is a simple statement which can be
symbolically expressed as p itself.

Let, p : ‘1’ is a real number.
The symbolic form of the given statement is ~p.
Let p : 25 is a perfect square,

g: 41 isdivisible by 7.
The symbolic form of the given statement is
pva.
Let p : Rani works hard, g : Rani gets good
marks.
The symbolic form of the given statement is
~PAQ.
Letp: Itiscloudy, g : It is still raining.
The symbolic form of the given statement is
~PAQ.

If p: girls are happy, g: girls are playing,

express the following sentences in symbolic

form.

i Either the girls are happy or they are
not playing.

ii. Girls are unhappy but they are
playing.

iii. It is not true that the girls are not
playing but they are happy.

Solution:

i pv~q

ii. ~paq

iii. ~(~qAp)

3. Find the truth value of the following

statements.

i 14 is a composite number or 15 is a
prime number.
ii.  Neither 21 is a prime number nor it is

divisible by 3.

iii. It is not true that 4+3i is a real
number.

iv.  2isthe only even prime number and 5
divides 26.

v.  Either 64 is a perfect square or 46 is a
prime number.
vi. 3+5>7ifandonlyif 4+ 6 <10.

Solution:

Let p : 14 is a composite number,
g : 15 is a prime number.
The symbolic form of the given statement is
pV Q.
Since, truth value of pis T and that of q is F.
truth value of pv qis T.

Let p: 21 is a prime number,
g: 21 is divisible by 3.
The symbolic form of the given statement is
~pA~Q.
Since, truth value of pis F and that of qis T
truth value of ~pA~qisF.

Let p: 4 + 3i is a real number.

The symbolic form of the given statement is ~p.
Since, truth value of pis F.

truth value of ~p is T.

Let p: 2 is the only even prime number,
0: 5 divides 26.
The symbolic form of the given statement is
P AQ.
Since, truth value of pis T and that of g is F
truth value of pAqis F.

Let p: 64 is a perfect square,
0: 46 is a prime number.
The symbolic form of the given statement is
pVaQ.
Since, truth value of pis T and that of qisF.
truth value of pv qis T
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vii Letp:3+5>7,0:4+6<10
The symbolic form of the given statement is
p < Q.
Since, truth value of p is T and that of qisF.
truth value of p <> qis F
4, State  the converse, inverse and
contrapositive of the following conditional
statements:
i If it rains then the match will be
cancelled.
il If a function is differentiable then it is
continuous.
iii. If surface area decreases then the
pressure increases.
iv. If a sequence is bounded then it is
convergent.

Solution:

Letp: Itrains, g : the match will be cancelled.

The symbolic form of the given statement is

p— Q.

Converse:q—p

i.e.,, Ifthe match is cancelled then it rains.

Inverse: ~p — ~q

i.e.,, Ifitdoes not rain then the match will not be
cancelled.

Contrapositive: ~q — ~p

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

Let p: A function is differentiable,
g: It is continuous.

The symbolic form of the given statement is

p—>dq.

Converse: g — p

i.e. If a function is continuous then it is
differentiable.

Inverse: ~p — ~q

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

Contrapositive: ~q — ~p

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

Let p: Surface area decreases,
g: The pressure increases.
The symbolic form of the given statement is
p—q
Converse: g > p
i.e. If the pressure increases then the surface
area decreases.

Inverse: ~p — ~q

i.e. If the surface area does not decrease
then the pressure does not increase.

Contrapositive: ~q — ~p

i.e. If the pressure does not increase then the
surface area does not decrease.

Let p: A sequence is bounded,
g: It is convergent.

The symbolic form of the given statement is

pP—>q

Converse: g — p

i.e. If a sequence is convergent then it is
bounded.

Inverse: ~p — ~q

i.e. If a sequence is not bounded then it is
not convergent.

Contrapositive: ~q — ~p

i.e. If asequence is not convergent then it is
not bounded.

If p and q are true and r and s are false
statements, find the truth value of the
following statements:

i (pAQ)vr

ii. pA(r—ys)

iii. (pvs)e(Qar)

iv. ~(pPA~rv(~qvVvSs)

Solution:
Giventhatpandgare Tandrand s are F.

(PAa)vr

=(TAT)VF

=TvF

=T

truth value of the given statement is true.
pA({fr—9)

=TA(F—>F)

=TAT

=T

truth value of the given statement is true.

(pvs)e(@nar)

=(TvFE)o (TAF

=ToF

=F

truth value of the given statement is false.

~(PA~)v(~qvs)
=~(TAT)V(FVF)

~MvF

FVvF

=F

truth value of the given statement is false.
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6. If p: Itis daytime, g: Itis warm
Give the compound statements in verbal
form denoted by

i. pA~Q [Oct 14]
ii. pvq
iii. p—>q
iv. qep [Oct 14]

Solution:

I. It is daytime but it is not warm.

ii.  Itisdaytime or it is warm.

iii.  If it is daytime then it is warm.

iv. Itiswarm if and only if it is daytime.

7. Prepare the truth tables for the following:

i ~pAq ii. p—>@Pva
iii. ~peq
Solution:
i. ~pAqQ
Pl19]-P ~pAQ
T|T|F F
T|F|F F
FIT|T T
FIF| T F
. p—>(pva)
PlAd|pva| p—>(pva)
T|IT| T T
T|F T T
FIT T T
F|F F T
iii. ~peqQ
P19]-P ~p<>q
T|T|F F
T|F|F T
FIT| T T
FIF| T F

Statement Pattern and Logical

S5

Equivalence
A. Statement Pattern
Let, p, q, 1,... be simple statements. A

compound statement obtained from these
simple statements and by using one or more
connectives A, v, ~, —, <> is called a
statement pattern.
Following points must be noted while
preparing truth tables of the statement
patterns:
i. Parentheses  must  be
wherever necessary.
For example:
~(p A Qg)and ~p A g are not the same.

introduced

ii. If a statement pattern consists of ‘n’
statements and ‘m’ connectives, then
truth table consists of 2" rows and

(m + n) columns.
Logical equivalence

Two logical statements are said to be
equivalent if and only if the truth values in
their respective columns in the joint truth table
are identical.

If S;and S; are logically equivalent statement
patterns, we write

S1=S,.

For example:

To prove: pAaqg=~(p - ~q) [Mar 08]

P—>-~q9) | ~(p—>~0)

m T+ 4d|o
m—-4T4He
mmm >
=4 T 4
= - -

m T

In the above truth table, all the entries in the
columns of p A g and ~(p — ~q) are identical.

pAq=~(p—~0q).

Note:

~(pVv g) =~p A~q (De-Morgan’s 1% Law)
[Mar 96]
identical

q|~(pva) |[~par~q

l
=]

1
o]
=]

F F

mT 4 4o
44T He
4 4 T
4 T4
m— - -|<

F F
F F
T T

~(p A ) =~p Vv ~q (De-Morgan’s 2" Law)

identical
PId|[~P|~A|paqg|~(PaQ)|~pVv~]
T|IT|F|F T F F
TIF|F | T F T T
FIT|T]|F F T T
FIF| T | T F T T
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ii. p-og=(-p)vq identical
P | a ]| -p P—q ~Pvq
T [T F T T
T | F | F F F
F | T T T T
F | F T T T

iv. pegq=PE->9)Aa(@—>p)
[Mar 98, Oct 00, 01,04]

identical
P | g [p=>d|g—=>p p<qg|(P—>a)A(Q—p)
T[T T T T T
TI|F | F T F F
FIT | T F F F
FIF | T T T T

Tautology, Contradiction and
Contingency

S5

Tautology

A statement pattern having truth value always T,
irrespective of the truth values of its component
statement is called Tautology.

For example, consider (p < q) © (Q© p)

Contingency

A statement pattern which is neither a tautology nor
a contradiction is called Contingency.

For example, consider (p <> ) A~(p > ~Q)

(P> q) A
P|q|p<>a|~q(p—>~q~(p—>~0q) ~(p — ~q)
T|T] T [F] F T T
TIF| F |IT| T F F
FIT| F |[F| T F F
FIF| T |T| T F F

In the above truth table, the entries in the last
column are a combination of T and F.
The given statement pattern is neither a
tautology nor a contradiction, it is a
contingency.

Exercise 1.5

S

PIg|ped | geop | (pPeog o (@eop)
TIT T T T
T|F F F T
FIT F F T
F|F T T T

In the above truth table, all the entries in the last
column are T.
The given statement pattern is a tautology.

Contradiction

A statement pattern having truth value always F,
irrespective of the truth values of its component
statement is called a Contradiction.

For example, consider p A~p

P |~P |pa~p
T |F F
F T F

In the above truth table, all the entries in the last column
are F.
The given statement pattern is a contradiction.

1 Prepare the truth table of the following
statement patterns:
. [P>aAgl->p
ii.  (PAg)—>(p)
ii. (p>g)e(pva
iv. (pena@enp)
V. (pv~g)—>(rap)

Solution:
I [(P—>a)Agl—p
PlAlp—>g (P> Ag|[(P>aAd]l—>p
TIT] T T T
TIF| F F T
FIT| T T F
FIF| T F T

Note:

Here, the statement pattern consists of 2
statements and 3 connectives. Therefore, the truth
table has,

Number of rows =22 =4

and number of columns = (2+3) =5.

i.  (pAQ)—(=p)
Pld| paq ~p (PAg)— (~p)
T(T] T F F
T|F F F T
FI|T F T T
FIF F T T
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iii. (P9 (-pva)

PlAd|p—>q|~P|~pvag| (P00«
(-pva)
TIT] T F T T
T|F| F F F T
FIT| T T T T
FIE| T T T T
iv. (PenNaA@ep)
Plag|r| per|gep pena
@< p)
TIT[T] T T T
T|T|F| F T F
TIF|T| T F F
T|F|F| F F F
FIT|T| F F F
FIT|F| T F F
FIE|T| F T F
FIF|F| T T T
V. (pv-~q)—=>(Ap)
Pla|r|~q|pv~q|rap|(pv-q—
(rap)
TIT|T|F T T T
T|T|F|F T F F
TIF|T|T T T T
TIF|F|T T F F
FIT|T|F F F T
FIT|F|F F F T
FIF|TI|T T F F
FIF|F|T T F F

2. Using truth tables, prove the following
logical equivalences:

i (PAg=~(p—>~0)

ii. peq=PEAgVv(-pa~q)
iii. (pAQ) >r=po>(-or)

[Oct 14]

iv. pv(@an=@PEvaa(vr)

Solution:
i.

112] 3 |4|5] 6 7 8

-~ | AV
pldpeq[~P|~d|pAg|~pPA~q (=p A ~q)
TT| T F|F T F T
TIF| F |F|T| F F F
FIT| F |T|F| F F F
FIF| T TIT F T T

The entries in columns 3 and 8 are identical.
p>g=(pPAq)v(~pA~0)

(BN

(V)
w
N
(67
o
\l

=]

o]
—

PAG| g—=>r [ (PAQ)—>T| p—

Q—n

mTTmTmTmHd4 44

mm44m1 T+
e B B M s R B n B |
i B e e O
4144474
4444474
A 4444474

2

The entries in the columns 6 and 7 are identical.
(PAQ)—>r=p—>(@—>r)

12 3 |4 5 6
pla|prd|~a| p>~q | ~(P—>~0)
T[T T [F F T
TIF| F [T| T F
FIT| F |F T F
FIF| F | T| T F

The entries in the columns 3 and 6 are identical.
Prg)=~(pP—>-~09)

112131 4 5 6 7 8
Pl |r|garpv@anipvg|pvri(va)A(pvr)
T(T|T| T T T T T
TITIF|F T T | T T
TIFIT|F T T | T T
TIFIF|F T T | T T
FITIT|T T T | T T
FITIF|F F T |F F
FIFIT|F F F LT F
FIFIF|F F F | F F

The entries in the columns 5 and 8 are

identical

pv@an=pEvaoapvr
3. Using truth tables examine whether the

following statement patterns are tautology,
contradiction or contingency.

L (pA~g)e(P—>0)

i.  (pAg)Aa(@—>p)

ii. (EAQ V(AT

iv. [(pva)vrle[pv(gvi)]
v. (pva)a(pvr)

[Mar 13]




Target Publications Pvt. Ltd.

Std. XIl Sci.: Perfect Maths - |

Solution:

l.
PlA|~a|par~q|p—=>q|PAr~-0Q<«

(P—0)

TIT|F F T F
TIF|T T F F
FIT|F F T F
FIF|T F T F

In the above truth table, all the entries in the last
column are F.

(p A~q) & (p — Q) is a contradiction.

PIa|P|~pArq| g—=>p | (PAQ)A
Q—p
TIT|F F T F
TIF|F F T F
FIT| T T F F
FIF| T F T F

In the above truth table, all the entries in the last
column are F.

(~p A~ Q) A (g — p) is a contradiction.

-

(Prg)v(pAar)

o]
K=

M4 4ddo
M4 d471 144«

IR I I I
b e e e e o e R, B

b e e o e 0 R B 0 R

b P e e e R R

In the above truth table, the entries in the last
column are a combination of T and F.
(p A Q) v (p AT)isacontingency.

In the above truth table, all the entries in the last
columnareT.

[(pva)vr]< [pv(qvr)]isatautology.

V.
plalripvalgvr((pva) pv@vn| [(pva)vr]
v I >
[ov(g v ]
TIT|T| T T T T T
TITIF| T T T T T
TIFIT| T | T T T T
TIFIF| T | F T T T
FIT|IT| T T T T T
FITIF| T | T T T T
FIFIT| F | T T T T
FIF|F| F | F F F T

V.
Plajripvglpvr| (PvaaPvn
T|IT|T| T T T
T|IT|F| T T T
TIFIT| T | T T
TIFIF| T | T T
FIT|T| T | T T
FIT|F| T F F
FIF|T| F T F
FIF|F| F F F
In the above truth table, the entries in the last
column are a combination of T and F.
(p v Q) A (p v r) isacontingency.
Quantifiers and Quantified @
Statements u
Quantifiers

Quantifiers are the symbols used to denote a group
of words or a phrase. Generally, two types of
quantifiers are used. They are as follows:

Universal Quantifier:

The symbol ‘¥’ stands for “all values of” and
is known as universal quantifier.

For example, Consider A = {1, 2, 3}
Letp: Vxe A x<4

Here, the statement p uses the quantifier ‘for
all’(V).

This statement is true if and only if each and
every element of set A satisfies the condition
‘X <4’ and is false otherwise.

Here, the given statement is true for all the
elements of set A, as 1, 2, 3 satisfy the
condition, ‘X € A, X <4’.

Existential Quantifier:

The symbol ‘3’ stands for ‘there exists’ and is
known as existential quantifier.

For example, Consider A = {4, 14, 66, 70}.
Let p: 3 x € A such that x is an odd number.
Here, the statement p uses the quantifier ‘there
exists’ (3).

This statement is true if atleast one element of
set A satisfies the condition ‘X is an odd
number’ and is false otherwise.

Here, the given statement is false as none of
the elements of set A satisfy the condition,

‘x € A such that x is an odd number’.
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Quantified statement

The statement containing quantifiers is known as
quantified statement. Generally, an open sentence
with a quantifier becomes a statement and is called
quantified statement.

For example:

Use quantifiers to convert open sentence X + 2 < 4
into a statement.

Solution:

3 x € N such that x + 2 < 4, is a true statement, since

X =1 e N satisfies x + 2 < 4,
LB

1. If A ={3, 4,6, 8}, determine the truth value
of each of the following:

i Idx e A, suchthatx+4=7

il VXxeAX+4<10.

iii. VxeA x+5>13.

iv. 3 x e A, suchthatxisodd.

v. 3dIxeA suchthat(x—3)eN
Solution:
i Sincex =3 € A, satisfies x+4=7
: the given statement is true.

Its truth value is “T.

ii. Sincex=6,8 € A, do not satisfy x + 4 < 10,
. the given statement is false.
Its truth value is ‘F’
iii. Sincex=3,4,6 € A, do not satisfy x +5 > 13,
. the given statement is false.
Its truth value is ‘F’.

Exercise 1.6

iv. Since x =3 € A, satisfies the given statement,
‘ the given statement is true.
Its truth value is ‘“T’.
V. Since x=4, 6,8 € A, satisfy (x—3) € N,
‘ the given statement is true.
Its truth value is “T’.

2. Use quantifiers to convert each of the
following open sentences defined on N, into
a true statement:

i. X2 =25 ii. 2x+3<15
iii. x-3=11 iv. x2+1<5
V. x2-3x+2=0

Solution:

i. 3 x e N, such that x> = 25.
This is a true statement since x = 5 € N
satisfies x? = 25.

ii. 3 x e N, such that 2x + 3 < 15.
This is a true statement since x =1, 2, 3, 4, 5
e N satisfy 2x + 3 < 15.

iii. 3IXx e Nsuchthatx-3=11.
This is a true statement since x = 14 € N
satisfies x — 3 =11.

iv. 3JxeN,suchthatx’+1<5.
This is a true statement since x =1, 2 € N
satisfy x* + 1 < 5.

v. 3x e Nsuchthatx*—3x+2=0.
This is a true statement since x
satisfy x> — 3x + 2 = 0.

1,2 e N

Duality &
Two compound statements S; and S; are said to be
duals of each other, if one can be obtained from the
other by interchanging ‘A’ and ‘v’ and vice-versa.
The connectives ‘A’ and ‘v’ are duals of each other.
Also, a dual is obtained by replacing t by ¢ and ¢ by
t, where ‘t” denotes tautology and ‘c’ denotes
contradiction.

Remarks:

I The symbol ‘~’ is not changed while finding
the dual.

ii.  Dual of a dual is the statement itself.

iii.  The special statements ‘t’ (tautology) and ‘c’
(contradiction) are duals of each other.

iv. T ischanged to F and vice-versa.

Principle of Duality:

If a compound statement S; contains only ~, A and v

and statement S, arises from S; by replacing A by v

and v by A, then S; is a tautology if and only if S; is

a contradiction.

LB

Exercise 1.7

1. Write the duals of the following statements:
i. (pAQ) VT
ii. Tv(pva)
iii. pA[~av(pPAQ)v-~r]

Solution:

i. (pvg)Ar

ii. FA(pPAQ)

ii. pv[~ga(pvg A-~]
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2.

Write the dual statement of each of the
following compound statements:

i. Vijay and Vinay cannot speak Hindi.
ii.  Ravior Avinash went to Chennai.

iii. Madhuri has curly hair and brown
eyes. [Mar 14]

Solution:

Vijay or Vinay cannot speak Hindi.
Ravi and Avinash went to chennai.
Madhuri has curly hair or brown eyes.

3.

Write the duals of the following statements:
i (pva)vr=pv(qvr)
i.  pv(@an=(pEvaaPvr)

Solution:

PADAT=pA(QAT)
pA(@v=(PAag)v(pAar)

4.

Write duals of each of the following
statements where t is a tautology and c is a
contradiction.

i. PAQAC ii.
iii. (pAat)v(ca~Qq)

~pA(@vec)

Solution:

pvgvt
~pv(gat)
(pve)a(tv~q)

Negation of compound statement ‘@;‘

Negation of conjunction:
Negation of the conjunction of two simple

statements is the disjunction of their negations.
ie. ~(pAg)=~pv~q

Negation of disjunction:

Negation of the disjunction of two simple
statements is the conjunction of their
negations.

ie. ~(pva=~pa~q

Negation of negation:

The negation of negation of a simple
statement is the statement itself.

i.e. If p is a simple statement then ~(~p) =p

Negation of conditional
statement:
The negation of a conditional statement p — g is

p but not q.
ie. ~(p—>g=pa~q

(implication)

Vi.

Negation  of  biconditional
implication) statement:

The negation of a biconditional statement
p <> q is the negation of p —> gorq — p.

ie. ~(peag=Pr~qv(@r-p)

Note:

Negation of statement pattern involving one or
more simple statements p, q, 1, .... and one or
more connectives ~, A or v is obtained by
replacing v by A, A by v. Statements p, q, r
are replaced by their negations ~p, ~q, ~r etc.
and vice-versa.

(double

Negation of a quantified statement:
While finding the negations of quantified

statements, the word ‘all’ is replaced by
‘some’ and ‘for every’ is replaced by ‘there
exists’ and vice-versa.

Algebra of Statements

&

Some standard equivalent statements:

a.

Idempotent Law:

& pvp=p

ii. pap=p
Commutative Law:

& pvg=qvp

ii. pAQ=qAp

Associative Law:

i (pvgvr=pv(QvnN=pvgvr
ii. (PAQAr=paA(@AnN=paAqgAar
Distributive Law:

Lo pv@an=pEvaalvr
i pa@vn=(@EAagv(pnar
Identity Law:

i pvF=p

ii. paF=F

iii. pvT=T

iv. paT=p

Complement Law:

i pv~p=T

ii. pAa~p=F

Involution Law:

i ~T=F

ii. ~F=T

iii. ~(~p)=p
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h.

DeMorgan’s Law:

. ~(pvag)=~pA~q
ii.  ~(prg)=~pv~q
Absorption Law:

I pv(pag)=p

i.  pa(pva)=p
Conditional Law:

I p—>qgq=-pvq

i. pog=EpvgA-qvp)

Exercise 1.8

LB

1. Write the negations of following statements.

I. All equilateral triangles are isosceles.

ii.  Some real numbers are not complex
numbers.

iii.  Every student has paid the fees.

iv. VneNn+1>2

V. VXxeN,x?+xiseven number.

vi. 3neN,suchthatn?=n.

vii. I xe R, such that x? < x.

viii. All students of this college live in the
hostel.

ix. Some continuous functions are
differentiable.

x.  Democracy survives if the leaders are
not corrupt.

xi.  The necessary and sufficient condition
for a person to be successful is to be
honest.

xii. Some quadratic equations have
unequal roots.

Solution:

i. Some equilateral triangles are not isosceles.

ii.  All real numbers are complex numbers.

iii.  Some students have not paid the fees.

iv. 3IneN,suchthatn+1<2.

V. 3 x e N, such that x> + x is not an even
number.

vii VneN,n’=n.

vii. VxeR,x¥*>x

viii. Some students of this college do not live in the
hostel.

ix.  All continuous functions are not differentiable.

X.  Let, p:The leaders are not corrupt.

g: Democracy survives.

Xi.

Xil.

The given statement is of the form, p — g

Its negation is of the form p A ~ q.

i.e. ‘the leaders are not corrupt, but democracy
does not survive.’

Let, p: A person is successful.

g: A person is honest.
The given statement is of the form, p <> q
Its negation is of the form,
(PAr~a)v(@A~p)
i.e. ‘a person is successful, but he is not honest
or a person is honest, but he is not successful.’

All guadratic equations have equal roots.

Using the rules of negation, write the
negations of the following.
i. pAa(Q—r) ii.

iii.  (~pA~0q)Vv(pA~q)

(~pva)ar

Solution:

~[pA(@—n)]

~pv ~(q—r) ....Negation of conjunction)

~p v (g A~r) ....(Negation of implication)

~[pva)Ar]

=~(~pv () v ~r ...(Negation of conjunction)

=[~(~p) A~q] v ~T

.... (Negation of disjunction)
....(Negation of negation)

=(pA~qQ) v~r

~[(~p A~0) v (p A ~0)]
=~(pA~q) A~(p A ~0)

...(Negation of disjunction)
=[~(=p) v~ O] A [~p v ~(~q)]

....(Negation of conjunction)
=(Pvag)A(~pvq) ....(Negation of negation)

Without using truth tables, show that
i pa(@v~p)=pAq
i (PpAg)v(~pAg)v(~gar)=qvVr

Solution:

LHS.=pAa(qv~p)
=(pAd)v(pA-p)

...(Distributive law)

=(parq)VvF ...(Complement law)
=pAa( ....(Identity law)
L.HS.=R.H.S.

pA(@v~p)=pAg
LHS.=(pArg)v(=pArQq)Vv(~qAaTr)
=[(pv~p)rdlv(~qnrm)
... (Associative and distributive law)
=(TArq)v(~qar)
....(Complement law)
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=qVv(~qnar)
....(Identity law)
=(qv-~a)A(@vr)
....(Distributive law)

=TA(Qv) ....(Complement law)
=qvr ....(Identity law)
L.H.S.=R.H.S.

(Prgvprg)v(~qan=qvr

4. Form the negations of the following statements
by giving justification.
i (pAd)>(pVvD)
ii. (@v-Na(va)
Solution:
i ~[PAg)—>(pvi]
=(PAra)A~(-pvr)
....(Negation of implication)

=PAQA[~(p) AT

....(Negation of disjunction)

=(PAgA(PAa-n)
....(Negation of negation)
ii.  ~[@v-nAa(va)l
=~@v-nv-~(pva)

....(Negation of conjunction)

=[~an~(N]v(pA-~q)

....(Negation of disjunction)

=(~qAn v (pA~0)

....(Negation of negation)
(~gAnv(~gA~p) ...(Commutative law)
~qA(rv~p ....(Distributive law)

Application of Logic to Switching ‘.
Circuits P i~
The working of an electric switch is similar to a
logical statement which has exactly two outcomes,
namely, T or F. A switch also has two outcomes or

results (current flows and current does not flow)
depending upon the status of the switch i.e. (ON or
OFF). This analogy is very useful in solving
problems of circuit design with the help of logic.

Switch

An electric switch is a two state device used for
turning a current ‘on’ or ‘off’.

As shown in the above figures, if the switch is on
i.e., circuit is closed, current passes through the
circuit and vice-versa.

Consider a simple circuit having a switch ‘S’, a
battery and a lamp ‘L’. When the switch ‘S’ is
closed (i.e., ON, current is flowing through the
circuit), the lamp glows (is on). Similarly, when the
swtich is open (i.e., OFF, current is not flowing
through the circuit), the lamp does not glow (is off).

Ity

— Battery Lamp

Thus, if p is a statement ‘the switch is closed’ and if
| is a statement ‘the lamp glows’ then p is equivalent
toliep=1.

Note:
i. ~p means ‘the switch is open’. In this case,

the lamp will not glow and thus ~p =~ |.

ii. If a switch is ‘ON’ then its truth value is T or
1 and if the switch is ‘OFF’, its truth value is
ForO.

If there are two switches, then they can be
connected in the following ways:

i. Switches S; and S, connected in series:

[
S1 S,

L.

Let p: the switch S;is closed
g: the switch Syis closed
I: the lamp glows
In this case, the lamp glows, if and only if
both the switches are closed.
Thus we have, pAag=1.

Input — Output (switching) table:

P q PAQ
T | TA | TA
T@ | FO | FO
FO | TA) | FO
FO) | F(O) | F(0)
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ii.  Switches S; and S; are in parallel

> Sl »-
R
— 2

L.

Let p : the switch Sy is closed
q : the switch S is closed
I : the lamp glows
In this case, the lamp glows, if at least one of
the switches is closed.
Thus, we have p v q =1,
Input — output (switching) table:

p q pvq
TA@ |[TA)|TA)
T@A) |F@O) [ TQ)
FO [TA)|T@)
F@O) [F(©) |F()
The above two networks can be combined to
form a complicated network as shown below:

; Si S
T

S3

Let p: The switch S; is closed

q : The switch S; is closed

r : The switch Sz is closed

| : The lamp glows

In this case, the lamp glows, if S; and S, both are

closed or if Sz is closed.

Thus we have, (pAqg)vr=I.

Note: i. If two or more switches in a circuit are
open or closed simultaneously, then they
are denoted by same letter and are called
‘equivalent switches.’

ii.  Any two switches in a circuit having
opposite states are called
complementary switches.

For example, if S; and S, are the two
switches such that when S; is closed, S;
is open and vice-versa, then the switches
S:1 and S; are called complementary
switches and S; is denoted as S;. In
such a situation, one of them is
considered as p and the other as ~p or p'.

iii. Two circuits are called equivalent if
output of the two circuits is always same.

iv. A circuit is called simpler if it contains
lesser number of switches.

Example :
Express the following circuit in the symbolic form:
7
S1 S, . S;
> 5
'y Si Sg S3 y

A

- | /L\
. I
Solution:
Let p : The switch S; is closed.
g : The switch S; is closed.
r : The switch Ss is closed.
~p: The switch S| is closed.
~ r: The switch S; is closed.
I:Lamp L is ‘on’.
The lamp L is ‘on’ if and only if —
i. Switch S; and Switch S; are closed.
(- S1and S; are in series.)
or ii. Switch S| and S; are closed.
(*+S; and S; are in series)
and iii. Switch Sy or S; or Sz are closed.
(v S1, Sz, Sz are in parallel)
Symbolic form of the given circuit is,

[PArd)v(~pAr~DNIa(pvgvn=I
Generally | is not written and therefore the
symbolic form is

[PArg)v(~pA~N]A(pvavr)

9

LA

D

Exercise 1.9

1. Represent the following circuits
symbolically and write the input-output or
switching table.

A 4
q
A
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. *——
ii. St Sz
» J._
S3
wx L4 *—— 4
s! s,
(O
i, o S
] S1 / Ss
S
—>—/o— —»Jo—
1 SZ S; v
O
Solution:

i. Let p: The switch S; is closed.
g: The switch S; is closed.
~p: The switch S| is closed or the switch S; is
open.
~q: The switch S, is closed or the switch Sz is
open.

The symbolic form of the given circuit is
(Pva)v(par~g)
Input-output Table:

~p: The switch S; is closed or the switch S; is
open.
~q: The switch S, is closed or the switch S; is
open.
The symbolic form of the given circuit is
[(Pra)v(pPA~IAT.
Leta=(pAQ),b=(~pA~q)
Input-output Table:

plag|lr|{~p|~q|a| b | avb (@vb)ar
1/1{1|/0|0f1|0 1 1
1/1(0|/0|0f1|0 1 0
1{0[{1]0]1]0|0 0 0
1/ofojo|1(0|0 0 0
o|1f(1|1]|o0]|0|O 0 0
oj1jo0[1]0]0]0O 0 0
ojoj1[1]1]0]1 1 1
ojojof1]1]0]1 1 0
Switching table:
plg|r|~pl~g|al|blavb (@vhb)yar
TI|TI|T|F|F|TI|F|T T
T|T|F|F|F|T|F|T F
TIF|T|F|T |FI|F|F F
T|F|F|F|T |FI|F|F F
FIT|T|T|F |FI|F|F F
FIT|F|T|F |[F|F|F F
FIFI|IT|IT|TI|F|T|T T
FIF|F|T|T|F|T|T F

P aq| ~P| ~d|pvqg| ~pAr~q | (PvQV
(~p~~0)
1111010 1 0 1
110l 0 | 1 1 0 1
0|1 11| 0 1 0 1
0/0] 1| 1 0 1 1
Switching Table:
pld [~p|~a [pvq|[PATA{(pva)v(~pA~q)
TITI|F|F T F T
TIFIF|T| T F T
FITI|T|F T F T
FIF|[TI|T F T T

ii. Let p: The switch Sy is closed.
g: The switch S; is closed.
r: The switch S is closed.

iii.  Letp: The switch Sy is closed
g: The switch S is closed
r: The switch Sz is closed
~p: The switch S; is closed or the switch S
is open.
The symbolic form of the given circuit is
(Pva)rga(rv~p)
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Input- output Table:

Pla|r|~pipvag |(Pva|(v~p) |Pva)
AQ AQA
(rv~p)
1(1]1| 0| 1 1 1 1
1/1/0| 0| 1 1 0 0
1/0/1| 0| 1 0 1 0
1/0/0| 0| 1 0 0 0
ol1l11] 1 1 1 1
ol1l0l1] 1 1 1 1
olof1]1] O 0 1 0
oloflo|1] O 0 1 0
Switching table:
(pva) (Pva)Agna
r |~ \4 rv -~
P |q pquq P (v -p)
TITI|ITIF|T T T T
TITIFI|F|T T F F
TIFI|ITIF|T F T F
TIFIFI|F|T F F F
FITITI|T|T T T T
FITIFI|T|T T T T
FIFI|TI|T|F F T F
FIFI|FI|T|F F T F

2. Construct the switching circuits of the
following statements.
L [pvEpAg]vI~gAT)Vv~p]
[Mar 15]
i (PAgAn)VI~pv(ga~r)]
iii. [PANV(EgA~D]V (~pA-~T)
Solution:
I. Let p: The switch S; is closed
g:The switch S; is closed.
r: The switch Ss is closed.
~p:The switch S| is closed or the switch S; is
open.
~(: The switch S, is closed or the switch S; is
open.
~r : The switch S; is closed or the switch Sz is
open.
Consider the given statement,
[Pv(~pAq)lvI~qgAr)v~p]

p v (~p A Q). represents that switch S; is
connected in parallel with the series combination
of S and S..

(~q A T) v ~p : represents that switch S| is
connected in parallel with the series combination
of S, and Sa.

Therefore, [p v (~p A Q)] v [(~q A 1) v ~p]
represents that the circuits corresponding to [p v
(~pAg)]and [(~g A T) v ~ p] are connected in
parallel with each other.

Switching Circuit corresponding to the given
statement is:

S, S

J._/

s, S3
2

4 / \4

Si

Let p : The switch S; is closed.
g : The switch S; is closed.
r : The switch Ss is closed.
~p : The switch S is closed or the switch Sy
is open.
~r : The switch S; is closed or the switch
Sz is open.
Consider the given statement,
(PArganvI~pv(Qa~1)]
P A g A I represents that switches Si, S, Ss
are connected in series.
~ p v (Q A ~r): represents that the series
combination of S, and S; is connected in
parallel with S .
Therefore, (p A g A DV [~pVv(QA~T)
represents that the circuits corresponding to
(pAagar)and [~ p v (qA ~r)] are connected
in parallel with each other.

Switching circuit corresponding to the given
statement is:

©



Target Publications Pvt. Ltd.

Std. XIl Sci.: Perfect Maths - |

iii.  Letp:The switch S; is closed
g: The switch S; is closed.
r: The switch Ss is closed.
~p:The switch S| is closed or the switch S; is
open.
~(: The switch S, is closed or the switch S; is
open.
~r : The switch S; is closed or the switch S is
open.
Consider the given statement,
[PAT) v (~qA~N]V(~pA~T)
(p A1) v (~q A ~r): represents that the series
combination of Si; and Ss and series
combination of S, and S are connected in
parallel with each other.
~p A ~r @ represents that switches S| and S
are connected in series.
Therefore, [[p A1) v (~q A ~D] v (~ p A ~)
represents that the circuits corresponding to
[P AV (~g A ~r] and (~p A ~r) are
connected in parallel with each other.
Switching Circuit corresponding to the given
statement is:

A

symbolic form of the given circuit is

(PA~a) v (=pAQ)v(~pA~0)
= (pA~0) v [~pA(av~a)]

...(Associative and Distributive law)
= (pA~Q) v (~pAT)
= (pA~Q) v~p
=(pv~p)A(~qv~p)
=(Pv-~-p)A(pAr~0)

....(Complement law)
....(Identity law)
....(Distributive law)
....(Commutative law)

3. Give an alternative arrangement for the
following circuit, so that the new circuit has
two switches only. Also write the switching

table.
S1 S,
j st Sz j
A ° A 4

S S,

P | N -

< L | | L

Solution:

Let p: The switch S; is closed.
g: The switch S; is closed.
~p: The switch S; is closed or the switch Sy is open.

~Q: The switch S, is closed or the switch S; is open.

= TA(~pv ~Q) ....( Complement law)
=~pv~(Q ....(Identity law)
The alternative arrangement for given circuit is:
S,
S,
I L
Switching Table:
(pA~Q) v
PIA[~P|=AjPA~q [~PAQ|~PA~Q((~pAQ)V
(~p A~Q)
TIT[F|F|] F F F F
TIFIF|T| T F F T
FITIT|F F T F T
FIFIT|T| F F T T
4. Find
i. symbolic form
ii.  switching table and
iii.  draw simplified switching circuit for
the following switching circuit.
S.l '52
> g S >
J._/._
4 S3 S,
el
Solution:

i Let p: The switch S; is closed.
g: The switch S; is closed.
r: The switch Sz is closed.
~p: The switch S| is closed or the switch
S1 is open.
~Q: The switch S, is closed or the switch
S, is open.
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The symbolic form of the given circuit is
(PA@)v(pAQ)V(rA~Q)

ii.  Switching table:
Leta=(pAq)v(~pAq)V(rA~q)

PAQ

4
o
¢
o]

~pAg | A~

F | F

~p : The Switch S is closed or the switch S; is
open.
~q : The switch S, is closed or the switch S; is
open.
The symbolic form of the given circuit is:
(pva) A (~p) A (~0)
Switching table:

el e T e T
mm T m |-
=l ||| ||
| M| H|d| T

Pl A~ | ~q]pvg | (pva) A (~p) A (~Q)
T Tl F|F T F
TIFIF | T T F
FIT| T/ F T F
FIF|I T[T F F

i e e e A e e e
Rl A R IR IR

M| ||| T M
i I A e N L
el R Y I Y iy ) Y

Tn
Tn

F

_|
_|

iii.  For simplified switching circuit,
Consider(pAq) v (~pAQ) Vv (rA~Qq)
=[(pv~p)rd]v(ra~q)

....(Associative and Distributive law)
=(T A Q) v (r A~Q)....(Complement law)
=qv(ran~q) ....(Identity law)
=(qvr)A(gv~Qq)...(Distributive law)
=(qvnNAT ....(Complement law)

=qvr ....(Identity law)
Simplified switching circuit is:

J‘—
Sz

4 JS
3

?I

In the above truth table, all the entries in the last
column are ‘F’,

: the given circuit represents a contradiction.
Irrespective of whether the switches S; and S
are open or closed, the given circuit will
always be open (i.e. off).

5. Find the symbolic form of the following
switching circuit, construct its switching
table and interpret your result.

Si
. S e —

S5,

SZ Y

e O——
Solution:

Let p : The Switch Sy is closed.
g : The Switch Sy is closed.

6.  Simplify the given circuit by writing its logical
expression. Also write your conclusion.

] e

Sl SZ

Solution:
Let, p : The switch S; is closed
g : The switch S; is closed
~p : The switch S] is closed or the switch S; is
open.
~q : The switch S, is closed or the switch S; is
open.
. The symbolic form of the given circuit is
[PA(pv~a)Aaq
=[pA~p)v(PAr~-0]Arq
....[Associative and Distributive law]
=[Fv(par~Q)]Aq ....[Complement law]

=(pA~Q) AQ ....[Identity law]
=pAg)A(~gAQ) ....[Distributive law]
=(paq)aF ....[Complement law]
=F ....[Identity law]

Irrespective of the status of the switches, the
current will not flow in the circuit, that is, the
circuit will always be open.
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Miscellaneous Exercise — 1

Which of the following sentences are

statements in logic? Justify your answer.

i w is a real number.

ii. 5!=120

iii. Himalaya is an ocean and Ganga is a
river.

iv. Please get me a cup of tea.

v.  Bring me a notebook.

vi.  Alas! We lost the match

vii. €0s 20 =cos’0 —sin’0, forall 6 € R.

viii. If x is a real number then x> 0.

Solution:

i.
ii.

iii.
iv.

Vi.

Vii.
Viii.

It is a statement.
Itis a statement.

It is a statement.
It is an imperative sentence, hence it is not a
statement.

It is an imperative sentence, hence it is not a
statement.

It is an exclamatory sentence, hence it is not a
statement.

It is a statement.
Itis a statement.

Write the truth values of the following

statements:

i. The square of any odd number is even
or the cube of any even number is
even.

ii. /5 isirrationalbut3+ 5 isa
complex number. [Oct 14]

iii. IneN,suchthatn+5>10. [Oct14]

iv. VneN,n+3>5.

V. If ABC is a triangle and all its sides
are equal then each angle has
measure 30°.

vii V¥V n e N, n?+ n is an even number
while n>- n is an odd number.

Solution:

Let p: The square of any odd number is even.
g: The cube of any even number is even.
The symbolic form of the given statement is

pvdg.

Since the truth value of p is F and that of q is
Tl

truth valueof pv qis T

Vi.

Let p: /5 is irrational.

g: 3 ++/5 is a complex number.
The symbolic form of the given statement is
PAQ
Since the truth value of p is T and that of g is F,
truth value of p A g is F.

Consider the statement, 3n e N,n+5> 10
Clearly n > 6, neN satisfy n + 5> 10.
its truth value is T.

Consider the statement, Vne N,n+3>5
n=landn=2 e Ndonotsatisfyn+3>5

truth value of p is F.

Let p: ABC is a triangle and all its sides are
equal.
g: Each angle has measure 30°.
The symbolic form of the given statement is
p—q.
Since the truth value of p is T and that of g is F,
truth value of p > qisF

Let p: V n e N, n? + n is an even number.
g: VneN, n? - nis an odd number.
The symbolic form of the given statement is
p A Q.
Since, the truth value of pis T and q is F,
truth value of p A qis F

Solution:

If A={4, 5 7, 9}, determine the truth
value of each of the following quantified
statements.

i. Ix e A, suchthatx+2=7.

ii. VXxeA Xx+3<10.

iii. Ixe A, suchthatx+5>09.

iv. 3Ix e A, such that x is even.

\Y; VXxeA 2x<17.

Since x =5 € A, satisfiesx +2 =7.

the given statement is true.

Its truth value is “T°.

Since, x=7,9 € A, do not satisfy x + 3 < 10.
the given statement is false.

Its truth value is ‘F’.

Since,x=4,5,7,9 € A, satisfy x+5>9.
the given statement is true.

Its truth value is “T".

Since, X =4 € A, satisfies ‘X is even’.
the given statement is true.

Its truth value is ‘T".
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V.

Since x =9 € A does not satisfy 2x <17.
the given statement is false.
Its truth value is ‘F’.

Write negations of the following statements

i. Some buildings in this area are
multistoried.

ii.  All parents care for their children.

iii. YneN,n+7>6.

iv. 3JIxeA, suchthatx+5>8.

Solution:

iii.
iv.

All buildings in this area are not multistoried.
Some parents do not care for their children.
In e N,suchthat n+7<6.
vVxeAXx+5<8.

5.

Write the following statements in symbolic

form:

i. Ramesh is cruel or strict.

ii. I am brave is necessary and sufficient
condition to climb the Mount Everest.

iii. | can travel by train provided I get
my ticket reserved.

iv. Sandeep neither likes tea nor coffee
but enjoys a soft-drink.

v. ABCisatriangle only if
AB +BC > AC.

vi. Rajesh is studious but does not get
good marks.

Solution:

Let p: Ramesh is cruel,
g: Ramesh is strict.
The symbolic form of the given statement is
pPvQ.
Let p: I am brave.
g: | can climb the Mount Everest.
The symbolic form of the given statement is
p<q.
Let p: | can travel by train,
g: | get my ticket reserved.
The symbolic form of the given statement is
q—p.
Let p: Sandeep likes tea,
g: Sandeep likes coffee.
r: Sandeep enjoys a soft-drink.
The symbolic form of the given statement is
(~pA~Q)ATr.
Let p: ABC is a triangle,
q: AB +BC > AC.
The symbolic form of the given statement is
p—q.

vi.  Let p: Rajesh is studious,
g: Rajesh gets good marks.
The symbolic form of the given statement is
P A~Q.

6. If p : The examinations are approaching,

g : Students study hard, give a verbal
statement for each of the following:

i p A~Q ii. peqg

iii. ~p—>q iv. pvg

V. ~Q—o-~p

Solution:

i The examinations are approaching but the
students do not study hard.

ii.  The examinations are approaching if and only
if the students study hard.

iii.  If the examinations are not approaching, then
the students study hard.

iv. The examinations are approaching or the
students study hard.

V. If the students do not study hard then the
examinations are not approaching.

7. If p: It is raining, q: The weather is humid,
which of the following statements are
logically equivalent? Justify!

i If it is not raining then the weather is
not humid.

ii. It is raining if and only if the weather is
humid.

iii. It is not true that it is not raining or
the weather is humid.

iv. It is raining but the weather is not
humid.

v.  The weather is humid only if it is
raining.

Solution:

The symbolic forms of the given statements are:

i. ~p—>~q ii. peq

ii. ~(~pvQ) iv. pAa~Q

V. g-op

Truth table for all the above statements:

P 1A |~p[~d|Cpva)| ()] @) | (i) | (v)| (V)

T|IT|F |F T TI|T |F F T

TIF|F |T F TIF |T |T |T

FIT|T |F T FIF |F F F

FIF|T|T T T|T |F |F |T

Note: In the above table, the numbers (i), (ii), (iii), (iv)
and (v) represent corresponding statements.
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In the above table, the columns of statements (i) and (V) v. (pvag)—>@Qvrn

are same. =(TvF)—>(FvT)

They are logically equivalent. =T->T
Similarly, the columns of statements (iii) and (iv) are =T
same. Hence, the truth value is ‘T".
: They are also logically equivalent.
- - - 10. Change each of the following statement in

8.  Rewrite the following statements without the form if... then...
using the conditional form: _ i. 1 shall come provided 1 finish my
I If prices increase then the wages rise. work.

_|||.. I can catch cold if | take cold water bath. duties sincerely.

Solution: iii. x=1onlyifx?=x.

All these statements are of the formp — q=~p v q. iv.  The sufficient condition for being rich
The statements without using conditional form is to be rational.
will be, v.  Getting bonus is necessary condition

i. Prices do not increase or the wages rise. for me to purchase a car.

ii.  Itisnot cold or we wear woolen clothes. Solution:

iii.  1do not take cold water bath or | catch cold. i. If | finish my work then I shall come.

. ii.  If the duties are performed sincerely then the

9. If p, g, r are statements with truth values T, rights follow
F, T respectively, determine the truth ii. Ifx=1then ;(z -
values of the following: iv.  If aman is rational, then he is rich.

i gq->(v~r) i (~rAp)v~q v.  If | purchase a car then I get bonus.
iii. (p->qvr iv. (raqQ)e-~p
v. (pva-o(@vr) 11.  Write negations of the following statements:

Solution: i. 6 is an even number or 36 is a perfect

Truth value of p, gand rare T, F and T respectively. - square.

i q—(pv-~r ii. If diagonals of a parallelogram are
—F > (Tv~T) perpendicular then it is a rhombus.

_ iii. Ifl10>5and5<8then8<7.
=F>(TVvF) . L . .
CET iv. A person is rich if and only if he is a
;T software engineer.

I_—|ence the truth value is “T° v.  Mangoes are delicious but expensive.

3 e truth vatue 1s =4 vi. Itis false that the sky is not blue.

i (~rAp)v~ vii.  If the weather is fine then my friends
=(~-TAT)v~F will come and we go for a picnic.
=(FAT)VT Solution:
=FvT i. Let, p: 6 is an even number.
=T g: 36 is a perfect square.

Hence, the truth value is “T’. The given statement is of the formp v g

iii. (p—>q)wvr Its Negation is ~p A ~q
=(T>F)vT i.e. 6 is not an even number and 36 is not a perfect
=FvT square.
=T ii. Let, p: Diagonals of a parallelogram are
Hence, the truth value is ‘T’. perpendicular.

iv. (rAag)e~p q : Itis arhombus.
=(TAF) & ~T The given statement is of the form p — q.
=(TAF)«F Its negation is p A ~Q.
= 'Il': oF i.e. diagonals of a parallelogram are perpendicular

Hence, the truth value is ‘T’

but it is not a rhombus.
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Vi.

Vii.

Let,p:10>5and5<8

q:8<7
The given statement is of the form p — ¢
Its negationisp A ~ g
i.e,10>5and5<8but8>7.

Let, p: A personis rich.

g: He is a software engineer.

The given statement is of the form p <> q.

Its negationis (p A~q) v (Q A ~p)

i.e., a person is rich and he is not a software
engineer or a person is software engineer and
he is not rich.

Let, p: Mangoes are delicious.

g: Mangoes are expensive.
The given statement is of the form p A
Its negation is, ~p v ~q.

i.e., mangoes are not delicious or they are not
expensive.

Let, p: Sky is not blue.

The given statement is of the form (~p)
Its negation will be, ~(~p) =p

i.e., sky is not blue.

Let, p: The weather is fine.
g: My friends are coming.
r: We go for a picnic.
The given statement is of the formp — (q A T)
Its negation is,p A~(QAT)=pA(~q Vv ~T)
i.e., the weather is fine but my friends are not
coming or we are not going for a picnic.

pPv~q e [~(Pral

12.

Construct the truth table for each of the
following statement patterns:

.. p>@—>p

ii.  (pv~a)e[~(pPAag)
iii. ~~pA~Q)vq

iv. [PAgvIIA[rv(paq)]
V. [~pva)a@—->n]->(@E-r)

[Mar 15]

Solution:

p—>(@—>p)

p p—(q—p)

m T4 4o
m—H T d|e
i N
— - - -

(~pv~q) <
P |al~P|~d| ~pv~q|pAqgl~(pAQ) (0 A Q)]
TI|T|F|F F T F T
TIFIF|T T F T T
FIT|T|F T F T T
FIF|T|T T F T T
iii. ~(~pA-~q)vq
P 1A ~P|~q|~PA~q|~(-PA~Q)| ~(-PA~Q) Vv (q
TI|T|F|F F T T
TIFIF|T F T T
FIT| T|F F T T
FIFIT|T T F F
iv. [(pAg)viIA[~Tv(pAd)]

[(Prg)v |_ | [rv [[pArd)viIa
PPN T A T ead] v (R Aq)]
TITIT| T T F| T T
TITIF| T T T| T T
T|IFI|T| F T F| F F
TIFI|F| F F T| T F
FITI|T| F T F| F F
FITIF| F F T| T F
FIFE|T| F T F| F F
FIFIF| F F T| T F
v. [(~pva)a(@—>nN]->@p—>r)

[~pva)a
plaf r|~prpvaa—r ((pvq)A p->r@—>n]-

q—r)

(p—>1)
TITITIE] T | T T T T
TITIFF| T F F F T
TIF|TIE| F | T F T T
TIFIFlF| F | T F F T
FITITIT| T | T T T T
FITFIT| T F F T T
FIFITIT| T | T T T T
FIFIF|T| T | T T T T
13. Using truth tables show that following

statement patterns are tautologies.
. [(p>a)A~a] > (~p)

. (p>a)v(@—>p)

. [p>@->nN]le(pag —>r]
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Solution:
i.
PIA|[~P|~a|(P—=>a9|[P—>a) |[P>0A
A~q] ~q] - (~p)
TIT|F|F T F T
TIF|F|T F F T
FIT|T|F T F T
FIF|T|T T T T

In the above truth table, all the entries in the
last column are T.

The given statement pattern is a tautology.

P|d|p—>d|g—p (P—>a)v(@—p)
T T T T T
T|F| F T T
FIT| T F T
FIF| T T T

In the above truth table, all the entries in the
last column are T.

The given statement pattern is a tautology.

Solution:

~n |~ | [pva)A~p]
PIa|~P [~aq|p vq|lpVvaA-~p] A (=)
TITIF|FE| T F F
TIFIF|T| T F F
FITIT|F| T T F
FIE|T|T| F F F

In the above truth table, all the entries in the
last column are F.

The given statement pattern is a contradiction.

o | - oy ~q) PADA
Pl A | =P | =aipAagl PV oo
T|T|F|F| T F F
T|F|F | T| F T F
FIT| T|F| F T F
FIF| T |T| F T F

In the above truth table, all the entries in the
last column are F.

The given statement pattern is a contradiction.

Pla|r|a|lp—> |(Prg)|prd)| [P—>@—>0)]
| @—>n] —1] ©l(prg
r —1]
TT|T|T T T T T
TT|F|F F T F T
TF|T|T T F T T
TF|F|T T F T T
FT|T|T T F T T
FIT|F|F| T F T T
FIF|T|T T F T T
FIF|F|T T F T T
In the above truth table, all the entries in the
last column are T.
The given statement pattern is a tautology.
14. Using truth tables show that following

statement patterns are contradictions.
i [(pva)a~pla(~a)
. (pAd)A(~pv~q)

15. Find truth values of p and q in the
following cases:
i (pvisTand(pAaQ)isT.
ii. (pvq)isTand(pvqg)—>qisF.
iii. (paqQ)isFand(paqQ)—>qisT.
Solution:

(pvq) isTand(pAq)isT.
Consider the following truth table:

pla|pva| pag
IT{1] 1 T|
TIE| T F
FIT| T F
FIF| F F

If(pvq)isTand (p AQ)isT, then both p and
q have to be true i.e. their truth value must be
T.
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(pvg)isTand (pv ) > qisF.
Consider the following truth table:

pla|pva|(eva—q
TIT| 7T T
IT|F] T F|
FIT| T T
FIF| F T

If(pvag)isTand (pvqg) —>qisF, thenpis
true and q is false i.e., truth value of p is T and
that of g is F.

(parq)isFand (pAqQ)—qisT
Consider the following truth table:

plajpagq|(Pra)—q
T T| T T
IT| F| F T |
IFl| 1| F T |
IF| F| F T |

If(pAaq)isFand (p AQ)— qisT,then there
are three possibilities for the truth value of
p and q.

Either,pisTand qisF or
pisFandqisTor
both p and g are F.

In the above truth table, all the entries in the
last column are F.

(p— g9) A (p A ~q) is a contradiction.

(PpAg)v
-0 |~ - e pAg Vv
PA[P~A|PAQ |[~PAQ|[PA~T |~PA q(qu)v
(-p~~q)
TITIF|F| T F F F T
TIFIF|T| F F T F T
FITIT|F| F T F F T
FIFIT|T| F F F T T

In the above truth table, all the entries in the
last column are T.

PAgv(EPAQVEA~DV(PA-Q) isa

tautology.
iii.
PI9|p=>a|pAr(P—>09 | [PA(P—>g]—q
TIT| T T T
T|F F F T
FIT| T F T
FIF| T F T

2

In the above truth table, all the entries in the
last column are T.
[p A (p— )] — g is atautology.

16. Determine whether the following statement
patterns are tautologies, contradictions or
contingencies.

i (P> A(PA~0)

. (PAQv(EpPAg)V(PA~Q)V(-PA~Q)
ii. [pA(P—>9]—>q

iv. [(pv-~a)v(pag]ar

Solution:

i.

PlAd|p—>a|~dlpa~q| (P> A
(P~ ~0)
TIT| T F F F
TIF| F |T| T F
FIT| T F F F
FIF| T T F F

v~=Q)V v ~=Qq)V
i M pv~q~pAq(F()~pAq<)1) (FfsAq)?l)Ar
TTTIF|F | T F T T
TTIFIFIF| T | F T F
TIFTWF|T | T F T T
TIEIFIF[T| T | F T F
FIT|TT|F F T T T
FTETIF|F | T T F
FIFTT|T | T F T T
FEF[T|T| T | F T F

In the above truth table, the entries in the last
column are a combination of T and F.
[(pv~q) Vv (~p AQ)] Arisacontingency.
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17.

Using the rules of logic, prove the following
logical equivalences.

i peq=-(PA~q)A~(QA-~p)

ii. ~(pvav(pag)=-p

ii. ~pAg=(Pvao)Aa-p

Solution:

Consider, RHS = ~(p A ~0) A ~(q A ~P)
=~[(p A~0) v (q A~p)]

....[Negation of disjunction]

=~[~(p <)

....[Negation of double implication]

=p<(q
....[Negation of negation]
=LHS.
pe>q=~(pA~a) A~A~p)
Consider, LHS=~(pvg) v (~pAQ)
=(~pA~0) v (~pAQ)
... (Negation of disjunction)
=~pA(~avQ)
....(Distributive law)
....(Complement law)
=~ ...(Identity law)

S~Mpvav(~pAag)=~p
Consider, RHS=(pv ) A~p

=(pA~p)v(@r~p)
.... [ Distributive law]
=(PA~p)v(~p AQ)

....[Commutative law]

=Fv(~pAQ)
.... [Complement law]

~pAq ... [Identity law]
LHS

~pArgq=(PVva)A~p

18.

Using truth tables prove the following
logical equivalences:
i peq=(@Aq)v(~pA~0)

[Mar 13]
ii. (PArQ)>r=p-o>(q->r)

Solution:

Ref Exercise 1.5 Q2 (ii)
Ref Exercise 1.5 Q2 (iii)

ii.  If two triangles are congruent then their

areas are equal. [Mar 15]
iii. 1 f(2) = 0 then f(x) is divisible by
(x=2).

Solution:

Let p : An angle is aright angle,
g : Its measure is 90°.
The symbolic form of the given statement is
p—0q.
Converse:q— p
i.e. If the measure of an angle is 90°, then itis a
right angle.
Inverse: ~p — ~q
i.e. If an angle is not a right angle, then its
measure is not 90°.
Contrapositive: ~q — ~p
i.e.  If the measure of an angle is not 90° then it
is not a right angle.
Let p : Two triangles are congruent,
g : Their areas are equal.
The symbolic form of the given statement is
p—q.
Converse:q—p
i.e. Ifareas of two triangles are equal then they
are congruent.
Inverse: ~p > ~q
i.e.  If two triangles are not congruent then their
areas are not equal.
Contrapositive: ~q — ~p
i.e. If areas of two triangles are not equal then
they are not congruent.
Let p: f(2) =0,
q: f(x) is divisible by (x — 2)
The symbolic form of the given statement is
pP—>q.
Converse:q—p
i.e. Iff(x)is divisible by (x — 2), then f(2) = 0.
Inverse: ~p > ~q
ie. If f(2) = O, then f(x) is not divisible by
(x—2).
Contrapositive: ~q — ~p
i.e. Iff(x)is not divisible by (x—2) then f(2) = 0.

19.

Write converse, inverse and contrapositive

of the following conditional statements:

i. If an angle is a right angle then its
measure is 90°.

20.  Without using truth table, prove that
[(p v g) A~p] = qis a tautology.
Solution:

[(Pva)Ar~p]—>q
=[(pA~p) v (g A~p)]—q ...(Distributive law)

=[Fv@a-pl—=q

....(Complement law)
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=(gQA~p)—>q ....(Identity law)
=~(qA~p)Vvq ...[Conditional law]
=[(~qv~(Cp)]vq ....(Negation of conjunction)
=(~qvp)vq ....(Negation of negation)
=(pv~qQvVvq ....(Commutative law)
=pv(~qvQ) ....(Associative law)
=pvT ....(Complement law)

=T ....(Identity law)
Since, the truth value of the given statement pattern
is T, therefore, it is a tautology.

21. Consider following statements.
i. If a person is social then he is happy.
ii.  If a person is not social then he is not

happy.
iii. If a person is unhappy then he is not
social.

iv. If a person is happy then he is social.
Identify the pairs of statements having
same meaning.

Solution:

Let p: A person is social, g: He is happy.

The symbolic forms of the given statements are:

i. p—q

ii. ~p—>-~q

iii. ~g—->-~p

iv. g-op
Statements (i) and (iii) have same meaning.
Since, a statement and its contrapositive are
equivalent.
Also, statements (ii) and (iv) have the same
meaning. Since, converse and inverse of a
compound statement are also equivalent.

~~pAad)vipa~a)l
=~(~pra)r~(pAr~q)
....[Negation of disjunction]
=[~(~p)v~alr[~pVv~(~0q)]
....[Negation of conjunction]
=(Pv~a)Al~pva)
....[Negation of negation]
~Pr(@vn]=~pv~@vr)
....[Negation of conjunction]
=~pVv (~qA~T)

....[Negation of disjunction]

22. Using the rules of logic, write the negations
of the following statements:
i (pva)a(@v~r)
ii.  (~pAQ)v(pA~0)
iii. pa(@Qvr)
iv. (P> Ar
Solution:
L ~[pva)a(@v-~n]
=~(pva)v-~@v-r)
....[Negation of conjunction]
=(pA~Q) v (qnr~(-N]
....[Negation of disjunction]
=(pA~Q) v (~qAar)
....[Negation of negation]
=(~pA~q) v (rar~q)
....(Commutative law)
=(~pvna~q

....[Distributive law]

iv. ~[(p—>g) Ar]
=~(p—>q) v -1
....[Negation of conjunction]
=(pA~q)v-r
....[Negation of implication]
23. Express the given circuits in symbolic form.
i > =Sl Sz
Y
A S;
s, s,
jj——
ii. . .
S1 S1
Sz Ss
Solution: ) )

Let p: the switch Sy is closed.
q: the switch S; is closed.
~p: the switch S; is closed or the switch S;
is open.
~Q: the switch S is closed or the switch S;
is open.
The symbolic form of the given circuit is
(PArQ)v(=p)v(pA~0)
Let p: the switch S; is closed
0: the switch S; is closed
r: the switch Sz is closed
The symbolic form of the given circuit is

(Pva)a(pvi
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24. Construct the switching circuits of the
following statements:
i (PA~gANVPA(Ggv-T)]
ii. [PANV(EGA~NDIA(FPA-T)
Solution:
I. Let p: the switch S; is closed.
q: the switch S; is closed.
r: the switch Ss is closed.
~Q: the switch S, is closed or the switch S
is open.
~r: the switch S; is closed or the switch Sg
is open.
Consider the given statement,
(PA~q AN VvIpA(=qv-1)]
P A ~Q Vv I represents that the switches S;, S,
and S, are connected in series.
p A (~q v ~r). represents that parallel
combination of S, and S; is connected in
series with S;.
Therefore, (p A ~q A Vv I A(~qvVv ~T)]
represents that the circuits corresponding to
[P A~gAar)and [p A (~ g v ~1)] are
connected in parallel with each other.
Hence, the switching circuit of given statement is

S1 S, S3
> J._ »
. S,
= N C
3

<+

ii.  Let p:the switch S; is closed
Q: the switch S; is closed
r: the switch Sz is closed
~p: the switch S;is closed or the switch Sy

is open.

~Q: the switch S, is closed or the switch S;
is open.

~r: the switch S; is closed or the switch Sz is
open.

Consider the given statement,

[(PAD)V(EGA-DIA (=P A~T)
(P A1) v (~g A ~1): represents that series
combination of S; and Sz and series combination

of S, and S} are connected in parallel.

~p A ~T : represents that S; and S; are connected
in series.

Therefore, [pAN) Vv (~gA~D] A(~pA~T)
represents that the circuits corresponding to
[ AV (~gA~n]and (~p A ~r1) are
connected in series.

Hence, switching circuit of the given
statement is

J._/ J._/o_
. St Ss S S, |,
S, S,
| < <
|l O
25. Simplify the following circuits so that the
new circuit has minimum number of
switches. Also draw the simplified circuit.
i. R 4
S1 S,
\4
¢ o
4 Sl S2
[ *—
S S,
—fl——0—
“ /Sl /’SZ Sl SZ
A I —
> /S,
'S, e
¢ S, S Ss
Y
- [1]1 (1) «
—II L—=

Solution:

Refer to Exercise 1.9 Q.3.
Let, p: The switch S; is closed.
g: The switch S; closed.

r: The switch S is closed.

S: The switch Sy is closed.

t: The switch Ss is closed.
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~r : The switch S;is closed or the switch Ss is
open.

~s: The switch S} is closed or the switch S, is
open.

~t: The switch S(is closed or the switch Ss is
open.

The symbolic form of the given circuit is,

[PAra)v(rv~sv-O)Ialpra)v(rasat)]

=[Pra)v~AsADIAlPAg) v (rAsAl)]

....|De-Morgan’s law]

=PAQ)V[-rASA)A(rASAL)]
....[Distributive law]

=(pAq)VvF ....[Complement law]

=pAq ....[Identity law]
Hence, the simplified circuit is

e e
S S2

A v

Solution:

Let,

p : The switch Sy is closed.
q : The switch Szis closed.
r : The switch Sz is closed.

A The symbolic form of given circuit is,

pr@vn=pPAgvpPan ..>0)
....[distributive law]

ii.  The symbolic form of given circuit is,
(PAra)v(pAaT) ... (i)
The given circuits are logically equivalent
...[From (i) and (ii)]
B. i The symbolic form of the given circuit is
PvaAa@vn ..»)
ii. ~ The symbolic form of the given circuit is,
pv@an=(pEvaonapvn
....[distributive law] ....(i1)
The given circuits are not logically
equivalent ...[From (i) and (ii)]

26. Check whether the following switching
circuits are logically equivalent. Justify!

AL
J._ o
S, S,
— —eo
'Ss
i. — e
S1 Sa
_/._/
S: S3
B. i.
S: S2
— —eo
J_ _
Sz S3
ii.
S1
/o o]

S; S8

27. Give alternative arrangement of the
following circuit, so that the new circuit has
minimum switches only.

e e S
S1 S2 S!
. e ]
. S! Sz Ss R
. e ]
S1 Sz S3
'y ar / e o
S1 S, Ss I
—j—0—

Solution:
Let, p : The switch S; is closed.
g : The switch S; is closed.
r : The switch Ss is closed.
~p: The switch S| is closed or the switch S; is
open.
~Q: The switch S, is closed or the switch S; is
open.
The symbolic form of given circuit is,
(Prga~p)v(=pAdAaT)vV(PAQAT)
v(pA~gATl)
=(PA~pAg)v(pArgan v (pPAgAT)
v(pA~qAT) ....]JCommutative law]
=(Frag)v(prganv(eaganv(pa~qar)
....[Complement law]
=sFv(EpAagany (PAGANV(PA~QAT)
....[Identity law]
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=(~pAgAnNvV(EAQAT)V(PA~QAT)
...[Identity Law]
=[pvP)A@AD]IV(PA~GAT)

...[Distributive law]

[TA@AN]Iv(PA~qAT)
...[Complement law]
...[Identity law]
...[Distributive law]
...[Distributive law]

@Aanv(pPar~-gnar)
=[gv(pA ~Q]Aar
=[(@vp)Ar(@v-~g)]nar

=[(qvp)ATIAT ...[Complement law]
=(qQvp)Aar ...[Identity law]
= (p V) AT ..[Commutative law]

The switching circuit correspondlng to the
given statement is:

J

Sl 53
S
—fi——©

= ( pvavT ...[Identity law]
=~pv(QvT) ...[Commutative law]
=s~pvT ...[Identity law]
=T ....[Identity law]

The symbolic form of the given circuit is a
tautology. Hence, the current will always flow
through the circuit irrespective of whether the
switches are open or closed.

28. Draw the simplified circuit of the following
switching circuit.

v

3
j@

Solution:
Let p: The switch Sy is closed.

g : The switch S; is closed.
~p : The switch S is closed or the switch S; is open.

~( : The switch S, is closed or the switch S is open.

The symbolic form of the given circuit is
(~pva)v(pv-~q)v(pva)
=(~pva)vipv(av~q)]

...[Commutative and Distributive law]
=(~pvQv(pvT ...[Complement law]

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

e

S1 St
s ° .
s ST
Il ®

Solution:
Let p : The switch S; is closed.

q : The switch S; is closed.
r : The switch Sz is closed.
~p : The switch S; is closed or the switch S; is open

~q : The switch S, is closed or the switch S; is open

~r : The switch S; is closed or the switch Ss is
open.
The symbolic form of the given circuit is
(DV~QV~r)A[pV(QAr)]
The switching table corresponding to the
given statements is :

AVAl Rt A\

AL O PN P "o

| U1 [pv(gan]
TIT|T|F|F T T T T
TITIF|F|T T F T T
TIFIT|TIF T F T T
TIFIF|TIT T F T T
FITTIFIF| F T | 7T F
FITIFIF[T| T F | F F
FIFT|TIF| T F | F F
FIFF|TIT] T F | F F
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The final column of the above table is equivalent to

the column of ‘p’

i.e. column corresponding to

switch S;. Hence, the given circuit is equivalent to
the circuit where only switch S; is present.
Hence, switching circuit is as follows:

St

Multiple Choice Questions

A @I@

O

1.

Which of the following is a statement?
(A) Stand up!

(B) Will you help me?

(C) Do you like social studies?

(D) 27 is a perfect cube.

Which of the following is not a statement?
(A) Please do me a favour.

(B) 2isan even integer.

C) 2+1=3.

(D) The number 17 is prime.

Which of the following is an open statement?
(A) xis a natural number.

(B) Give me a glass of water.

(C) Wish you best of luck.

(D) Good morning to all.

Which of the following is not a proposition in
logic.

(A) J3isa prime.

(B) J2 isairrational.

(C) Mathematics is interesting.
(D) 5isaneven integer.

If p: The sun has set

g: The moon has risen,
then the statement ‘The sun has not set or the
moon has not risen’ in symbolic form is
written as
(A) ~pv~q (B) ~paq
€ par~q (D) pv~q
Assuming p: She is beautiful, g: She is clever,
the verbal form of p A (~q) is
(A) She is beautiful but not clever.
(B) She is beautiful and clever.
(C) Sheis not beautiful and not clever.
(D) She is beautiful or not clever.

10.

11.

12.

13.

14.

Let p: ‘It is hot’ and Q: ‘It is raining’.
The verbal statement for (p A ~q) — p is

(A) Ifitishotand not raining, then it is hot.
(B) Ifitis hot and raining, then it is hot.

(C) Ifitis hot or raining, then it is not hot.
(D) Ifitis hotand raining, then it is not hot.

Using the statements

p: Kiran passed the examination,

s : Kiran is sad.

the statement ‘It is not true that Kiran passes
therefore he is sad’ in symbolic form is

(A) ~p—os (B) ~(p—>-~3)
€ ~p-o>-s D) ~(p—9)

Assuming p: She is beautiful, g: She is clever,
the verbal form of ~p A (~q) is

(A) She is beautiful but not clever.

(B) She is beautiful and clever.

(C) Sheis not beautiful and not clever.

(D) She is beautiful or not clever.

The converse of the statement ‘If it is raining
then it is cool’ is

(A) Ifitis cool then it is raining.

(B) Ifitisnot cool then it is raining.
(C) Ifitis not cool then it is not raining.
(D) Ifitis not raining then it is not cool.

If p and g are simple propositions, then p A ¢
is true when

(A) pistrueand q is false.

(B) pisfalse and qis true.

(C) pistrue andqis true.

(D) pisfalse qis false.

Which of the following is logically equivalent
to~[~p — q]

(A) pv~q (B)
(€ -pnrq (D)

The logically equivalent statement of p — ¢
is

(A) ~pvq (B) g—--p

(€ -~avp (D) ~qv-~p

The logically equivalent statement of ~p v ~q
is

(A) ~pAr~( (B)
€ ~(pva (D)

PAq
~PA~q

~(p ~ Q)
PAQ
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15.

16.

17.

18.

19.

20.

21.

22.

The contrapositive of (p v q) —> ris

(A) ~r>~pr~q (B) ~r—>(pvaq)

(C) r—>(pva) (B) p—->(@vn
Which of the following propositions is true?
(A) p—>a=~p—>-q

(B) ~(P—>-~a)=~p~Agq

€ ~pea=~P->0r~@-—p]

(D) ~(p—>-0)=~pAgq

When two statements are connected by the
connective ‘if and only if’ then the compound
statement is called

(A) conjunction of the statements.

(B) disjunction of the statements.

(C) biconditional statement.

(D) conditional statement.

If p and g be two statements then the
conjunction of the statements, p A g is false
when

(A) both pand g are true.

(B) either p or g are true

(C) either p or g or both are false.

(D) both p and g are false.

The negation of the statement, “The question

paper is not easy and we shall not pass” is

(A) The question paper is not easy or we
shall not pass.

(B) The question paper is not easy implies
we shall not pass.

(C) The question paper is easy or we shall
pass.

(D) We shall pass implies the question paper
is not easy.

The statement (p AQ) A (~p Vv ~Q)is

(A) acontradiction.

(B) atautology.

(C) neither a contradiction nor a tautology.
(D) equivalentto p v Q.

The propositionp A ~pisa

(A) tautology and contradiction.
(B) contingency.

(C) tautology.

(D) contradiction.

The propositionp - ~(p A g)isa
(A) tautology

(B) contradiction

(C) contingency

(D) either (A) or (B)

23.

24,

25.

26.

217.

The false statement in the following is

(A) p A (~p) is a contradiction.

(B) (p— q) — (~g — ~p) is a contradiction.
(C©) ~(~p) — pisatautology.

(D) p v (~p)is atautology.

Negation of ~(p v q) is

(A) ~pv~q (B) ~pr~q

€ pr-q (D) pv-q

The dual of ~(pvq) v[pv(ga~n]is,

(A)  ~(prg) A [p v (Qr~n)]

(B) (Pra) AlpA(av~1)]

(C) ~(pra) Alp A (aaT)]

(D) ~(pra) AlpA(qv~n)]

The symbolic form of the following circuit,
where p: switch S; is closed.and g: switch S is
closed, is-

(A)  (pva)A[~pv(pA~q)]

(B)  (=p~q) v [~pv (pA~0)]

(C)  (pva) v [~pA(pv~0)]

(D) (pAQ) v [~pA(pA~T)]

> S.l >
Sz J._
—>- . S1 —-
S, .
S,
| O

If A =4{2, 3, 4, 5, 6}, then which of the
following is not true? [Oct 13]
(A) IxeAsuchthatx+3=8
(B) IxeAsuchthatx+2<5
(C) IxeAsuchthatx+2<9
(D) VxeAsuchthatx+6>9

ANSWERS

1. ©®) 2. (A) 3 (A 4 (C)
5. (A) 6. (A) 7. (A) 8 (D)
9. (C) 10. (A) 11. (C) 12. (D)
13. (A) 14. (B) 15 (A) 16. (D)
17. (C) 18. (C) 19. (C) 20. (A)
21. (D) 22. (C) 23. (B) 24. (B)
25. (D) 26. (C) 27. (D)
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