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Perfect Mathematics & Statistics Part — I, Std. XII Sci. & Arts is intended for every Maharashtra State
Board aspirant of Std. XII, Science & Arts. The scope, sequence, and level of the book are designed to match
the new textbook issued by the Maharashtra State Board.

At this crucial juncture in their lives, when the students are grappling with the pressures of cracking a
career-defining board examination, we wanted to create a book that not only develops the necessary
knowledge, tools, and skills required to excel in the examination, but also enables students to appreciate the
beauty of the subject and piques their curiosity.

We believe that students respond favourably to meaningful content, if it is presented in a way that is easy to
read and understand, rather than being mired down with facts and information. Consequently, we have
always placed the highest priority on writing clear and lucid explanations of fundamental concepts.
Moreover, special care has been taken to ensure that the topics are presented in a logical order.

The primary purpose of this book is to assist the students in preparing for the board examination. However,
this is closely linked to other goals: to exemplify how important and how incredibly interesting mathematics
is, and to help the student become an expert thinker and problem solver.

Practice, practice & more practice is the key to score high in mathematics!

To help the students, this book amalgamates problems that are rich in both variety and number which
provides the student with ample practice, ensuring mastery of each concept.

The scope of the book extends beyond the State Board examination as it also offers a plethora of Multiple
Choice Questions (MCQs) in order to familiarize the students with the pattern of competitive examinations.

In addition, the chapter-test have been carefully crafted to focus on concepts, thus providing the students with a
quick opportunity for self-assessment and giving them an increased appreciation of chapter-preparedness.

Our Perfect Mathematics & Statistics Part — I, Std. XII Sci. & Arts adheres to our vision and achieves
several goals: building concepts, developing competence to solve problems, recapitulation, self-study, self-
assessment and student engagement—all while encouraging students toward cognitive thinking.

- Publisher
Edition: Fifth

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

This reference book is transformative work based on textbook Mathematics Part - I; Second Reprint: 2022 published by the Maharashtra State Bureau
of Textbook Production and Curriculum Research, Pune. We the publishers are making this reference book which constitutes as fair use of textual
contents which are transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, memorize and
reproduce the same in examinations.

This work is purely inspired upon the course work as prescribed by the Maharashtra State Bureau of Textbook Production and Curriculum Research, Pune.
Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers shall not be
responsible for any loss or damages caused to any person on account of errors or omissions which might have crept in or disagreement of any third party on
the point of view expressed in the reference book.

© reserved with the Publisher for all the contents created by our Authors.

No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for
the benefit of students.
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Mathematical Logic

e Statement and its truth value

*  Logical connectives, Compound statements

*  Truth tables, negation of statements and
compound statements

*  Statement pattern, Logical equivalence

. Syllabus o

e Tautology, contradiction and contingency

*  Quantifiers and quantified statements,
Duality

*  Application of logic to switching circuits,

_

Switching table

Let’s Study °

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 ValueJ

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:
1. Declarative (Assertive)

il. 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, q, 1....

For example:

1. 3 is an odd number.
il 5 is a perfect square.
ili.  Sun rises 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: 1 and O can also be used for T and F
respectively.

Consider the following statements:

1. There is no prime number between 23 and 29.
il. The Sun rises in the west.

iii.  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:

1. 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).

il. Chinese food is very tasty.

This is an open sentence as its truth varies from
individual to individual.
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Logical Connectives, Compound Statements
and Truth Tables

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.

For example:
Consider the following simple statements,
1. e is a vowel
ii. b is a consonant
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’.

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 simple statements.

(Logical Connectives J

1. AND [ A] (Conjunction):
If p and q are any two statements connected by
the word ‘and’, then the resulting compound
statement ‘p and q’ is called conjunction of p
and q which is written in the symbolic form as
‘PAq.
For example:
p: Today is a pleasant day.
q: I want to go for shopping.
The conjunction of above two statements is
‘P AQq’,ie., ‘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:

oo - o
o - e
oo -] >

Note:

The words such as ‘but’, ‘yet’, ‘still’, ‘inspite’,
‘though’, ‘moreover’, ‘while’, ‘neither...nor’
are also use to connect the simple statements.
These words are generally used by replacing
‘and’.

OR [ V] (Disjunction):

If p and q are any two statements connected by

the word ‘or’, then the resulting compound

statement ‘p or q’ is called disjunction of p and q

which is written in the symbolic form as

‘pvq’.

The word ‘or’ is used in English language in

two distinct senses, exclusive and inclusive.

For example:

1. 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 q
are false.

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

p qa | pVvVgq
T T T
T F T
F T T
F F F

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.

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 by p - q
orp=gq.
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Note:

Note:

Here, p is called the antecedent (hypothesis) and
q is called the consequent (conclusion).
For example:
Let p: Itravel by train.

q: My journey will be cheaper.
Here, the conditional statement is
‘p = q: If I 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 9 | p=>9
T T T
T F F
F T T
F F T

Equivalent forms of the conditional statement
p—>q

a. p is sufficient for q.

b. q is necessary for p.

c. p implies q.

d. p only if q.

e. q follows from p.

f. q provided that p.

g. q whenever p.

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.

q : 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 q p<q
T T T
T F F
F T F
F F T
Equivalent forms of the biconditional statement

peq

a. pis necessary and sufficient condition for q.

b. qisnecessary for p and p is necessary for q.

c. p is sufficient for q and q is sufficient for p.

d. biconditional statement 1S conjunction of
p—>qandq— p.

r ¥9 Exercise 1.1

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

i. 5+4=13.

ii. x-3=14.

iii.  Close the door.

iv.  Zero is a complex number.

V. Please get me breakfast.

vi.  Congruent triangles are similar.

vii. x=x.

viii. A quadratic equation cannot have more than
two roots.

ix. Do you like Mathematics?

X. The sun sets in the west.

xi.  All real numbers are whole numbers.

xii. Can you speak in Marathi?

xiii. x*—6x—7=0, whenx=7.

xiv. The sum of cube roots of unity is zero.

xv. It rains heavily.

Solution:

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

il. It is an open sentence. Hence, it is not a
statement.

mi.  Itis an order. Hence, it is not a statement.

iv. It is a statement which is true. Hence, its truth
value is T.

v. It is a request. Hence, it is not a statement.

vi. It is a statement which is true. Hence, its truth
value is T.

vii. It is an open sentence. Hence, it is not a
statement.

viii. It is a statement which is true. Hence, its truth
value is T.

ix. It is an interrogative sentence. Hence, it is not a
statement.

X. It is a statement which is true. Hence, its truth
value is T.

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

xii. It is an interrogative sentence. Hence, it is not a
statement.

xiii. It is a statement which is true. Hence, its truth
value is T.

xiv. It is a statement which is true. Hence, its truth
value is T.

xv. It is an open sentence. Hence, it is not a
statement.

2. Write the following compound statements

ii.

symbollically.

Nagpur is in Maharashtra and Chennai is in
Tamilnadu.

Triangle is equilateral or isosceles.




Std. XII : Perfect Mathematics - |

ili.  The angle is right angle if and only if it is of
measure 90°.
iv.  Angle is neither acute nor obtuse.
V. If AABC is right angled at B, then
m 2A +m £C = 90°.
vi. Hima Das wins gold medal if and only if she
runs fast.
vii. x is not irrational number but is a square of
an integer.
Solution:
1. Let p : Nagpur is in Maharashtra.
q : Chennai is in Tamilnadu.
The symbolic form is p A q.
il. Let p : Triangle is equilateral.
q : Triangle is isosceles.
The symbolic form is p v q.
iii.  Let p : The angle is right angle.
q : The angle is of measure 90°.
The symbolic form is p <> q.
iv.  Let p : Angle is acute.
q : Angle is obtuse.
The symbolic form is ~p A ~q.
V. Letp : AABC is right angled at B.
qg: mZA+mZC=90°
The symbolic form is p — q.
vi.  Let p : Hima Das wins gold medal.
q : Hima Das runs fast.
The symbolic form is p <> q.
vii. Let p : xis an irrational number.
q : x1is a square of an integer.
The symbolic form is ~p A q.
3. Write the truth values of the following.
i. 4 is odd or 1 is prime.
ii. 64 is a perfect square and 46 is a prime
number.
ili. 5is a prime number and 7 divides 94.
iv.  Itis not true that 5 — 3i is a real number.
V. If3x5=8then3+5=15.
vi.  Milk is white if and only if sky is blue.
vii. 24 is a composite number or 17 is a prime
number.
Solution:

1.

Let p : 4isodd.

q : 1isprime.
Truth values of p and q are F and F respectively.
The given statement in symbolic formis p v q.
pvq=FVvF=F
Truth value of the given statement is F.

il.

Let p : 64 is a perfect square.

q : 46 is a prime number.
Truth values of p and q are T and F respectively.
The given statement in symbolic form is p A q.
pAq=TAF=F
Truth value of the given statement is F.

Let p : 5is a prime number.

q : 7 divides 94.
Truth values of p and q are T and F respectively.
The given statement in symbolic form is p A q.
pAq=TAF=F
Truth value of the given statement is F.

Let p : 5-3iis areal number.

Truth values of p is F.

The given statement in symbolic form is ~p.
~p= ~F=T

Truth value of the given statement is T.

Letp: 3x5=8

qg: 3+5=15
Truth values of p and q are F and F respectively.
The given statement in symbolic form is p — q.
p—>q=F->F=T
Truth value of the given statement is T.

Let p : Milk is white.

q : Sky is blue.
Truth values of p and q are T and T respectively.
The given statement in symbolic form is p <> q.
peq=TeT=T
Truth value of the given statement is T.

Let p : 24 is a composite number.

q : 17 is a prime number.
Truth values of p and q are T and T respectively.
The given statement in symbolic form is p v q.
pvq=s=TvT=T
Truth value of the given statement is T.

i.
ii.
iii.
iv.
V.
vi.

vii.
viii.

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

pV(qQAT)

P2>9vE—s)

@A)V (pAs)

P>QA~r

(~(rep) ->~q

[P ACgAD)VI@AT) V(P AT
[(~pA@A~1]VI(Q—>p)—>(sVvT)]
~pAT)V (S >~ (pAT)

Solution:

1.

pv@an)=TVv(TAF)=TVvF=T
Hence, truth value is T.




Chapter 1: Mathematical Logic

ii. Ppo>qQviE—os) =(T->T)v(EF->F
=TvT
=T
Hence, truth value is T.
. (QADV((pAs)=(TAF)Vv(~TAF)
=FVv(FAF)
=FVvF
=F
Hence, truth value is F.
iv. PoPQA~r=(T>T)A~F=TAT=T
Hence, truth value of T.

V. (~reop)>~q=FoT)>~T
=(ToT)>F
=T—>F
=F

Hence, truth value is F.

~pA(qAD]VI([@AT) V(P AT)]
[~TAGTAF)]VITAF)V(TAF)]
[FA(FAF)]VI(FvEF)]
=(FAF)VF

=FvF

=F

Hence, truth value is F.

=.
"=

vii.  [(~pA @ A~1]V[(q—>p) > (~s V)]
=[~TAT)A~F]V[(T—>T)—> (~F v F)]

[FAT)AT]VI[T— (TvVEF)]

FAT)V((T>T)

=FvT

=T

Hence, truth value is T.

vill. ~[(~pAD)V (s>~ (pAT)
=~[~-TAF)V(F > ~T)] < (TAF)
=~[FAF)v(F>F)]eF

~FvT)<F

~T<F

FoF

=T

Hence, truth value is T.

S. Write the negations of the following.

i. Tirupati is in Andhra Pradesh.

ii. 3 is not a root of the equation ¥ +3x-18=0.
iii. /2 is a rational number.

iv.  Polygon ABCDE is a pentagon.

v. 7+3>5

Solution:

i Tirupati is not in Andhra Pradesh.

il. 3 is a root of the equation x* + 3x — 18 = 0.
iii. /2 is not a rational number.

iv.  Polygon ABCDE is not a pentagon.
v 7+3 %5

Let’s Study °

ﬁtatement Pattern and Logical Equivalenccj

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, Vv, ~, —, <> is
called a statement pattern.
Following points must be noted while preparing
truth tables of the statement patterns:
. Parentheses must be introduced wherever
necessary.
For example:
~(p A q) and ~ p A q are not the same.

il. 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 statementpatterns,
we write S| = S,.

For example:

To prove: pAq=~(p > ~q) [Mar 08]
P 9 prq ~q|(p=>~q9 ~(p—>~q)
T T| T F F T
T F F T T F
F|T| F F T F
F | F F T T F

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

pAq=~(p > ~q).
Note:
i. ~(pV q) =~pA~q (De-Morgan’s 1% Law)

[Mar 96; Feb 20]
identical

P 9/~ ~q . pvq ~pvqg ~pAr~q
T T F F| T F F
TIF F T| T F F
FIT T F| T F F
FIF T T| F T T
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S. Obtain the simple logical expression of the
following. Draw the corresponding switching
circuit.

i pvar~q

ii. (pAQVEPA~QV(PA~Q)

ii. [PvV(~qv~DIAlpv@AD]

iv.. PAQA~P)V(~PAQANV(PA~qQAT)YV

(PAqAaT)
Solution:
i Consider, p v (q A ~q)
=pvF [Complement law]
=p [Identity law]
S\
—®

11. Consider, (~pAqQ) vV (~pA~q) vV (p A~q)
=[(~pA@V(pAr~Q]V(pAr~q)
[Associative law]
=[~-pAr@v~Qlv(pr~q)
[Distributive law]

=(~pAT)v(pAar~q [Complement law]

=~pv(pAr~q) [Identity law]
=(~pvp)A(~pv~q) [Distributive law]
=TA(~pvVv~q [Complement law]
=~pVv~q [Identity law]
S
LS |

iii.  Consider, [pVv (~qVv ~1)] A [p Vv (qQAT)]
=pVvI(~qv~1)A(qAan)]
[Distributive law]
=pVv[~(@Ar)A(qAaD)]
[De Morgan’s law]
=pvF [Complement law]
=p [Identity law]

v. (PAQA~PIV(=PAGATV(PA~qAT)
v(pArqAar)
=P AP AQV(P AQADV(~q AP AT)
V(@ AP AT)
[Commutative law]
=FAQVEPAGAT)V(SQAPAT) V(QAPAT)
[Complement law]
=FV(~pAqQAT)V(~qADPAT)V(QAPAT)
[Identity law]
=(-pAQAD)V(~qAPAT)V(qQAPAT)
[Identity law]
=(-pAqAD)VI(~qVvYA(pATD)]
[Distributive law]
=(~pAqATD) V[T A (p Ar)] [Complement law]
=(~pAqAT)V(DAT) [Identity law]
=[(~pArq)Vvp]Aar [Distributive law]
=[(~pvp)A(qQVvp)]Aar [Distributive law]
=[TA(Qvp)]ar [Complement law]
=(qQVp) AT [Identity law]
[Note: Answer given in the textbook is ‘(q A 1) v p’.
However, we found that it is ‘(q v p) A1’.]

Miscellaneous Exercise — IJ

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

questions:

1. If p A qis false and p v q is true, the is
not true.
(A) pvq B) peq
© ~pv~q D) qv-p

il. (p A q) o ris logically equivalent to .
(A) p—=>(@—1) B) PArq—>~r
© (pv~g—>~1r D) (Pvy-—>r

iii.  Inverse of statement pattern (p v q) > (p A q) is

A Prq9—>@(mVv9
B) ~pvad—>@nr9g
© Cpr~q—>CFpv~q
D) pv~@—>(Cpr~q

iv. IfpAaqisF,p— qisF then the truth values of

p and q are . [Oct 15]
A T,T B) T.F
(©) FET D) FEF
v. The negation of inverse of ~p — q is
(A) qap B) ~pr—q
© pvq D) ~q->-~p
vi.  The negation of p A (q — 1) is .
(A) ~pAr(~q—=>-~1) (B) pv(~qvr)
© ~pv(q-o>~1) (D) ~pv(qga-~1)

[Note: Option (C) has been modified.]
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Vil.

IfA={l,2,3,4, 5} then which of the following
is not true?

(A) dxeAsuchthatx+3=8

(B) JIxeAsuchthatx+2<9

(C) VxeAxt6>9

(D) dxeAsuchthatx+6<10

Answers:

i, B) i. (A) ii. (©) iv. (B)
v. (A) vi. (D) vii (C)

Hints:

1.

ii.

iii.

Vi.

p Aqis false and p v q is true.
One of the p and q is true and other one is false.
In this case, p <> q cannot be true.

Consider,

prqQor=~pArqvr [p—o>q=~pvq]
=~pv~qvr [DeMorgan’s law]

~p Vv (~qVvr) [Associative law]

~pv(@—>1) [po>q=~pvq]

p—>@—=>1 [p—>q=~pvq]

Inverse of p > qis ~p > ~q
Inverse of [(p v q) = (p A Q)]
=~(pvq—=>~pP~rq
=(pA~q) > (pVv~q)
Inverse of ~p > q=p > ~q.
Negation of inverse of ~p — q
=~(p—>~q)
=pAq
~pA(q—>1)]
=~pv~(q—>r1)
=~pVv(qA~T)

[~p—>q=pAr~q]

[~(p—> 9 =pA~q]

vi. It is a statement which is false. Hence, its truth
value is F.
[Note: Answer given in the textbook is
‘T’. However, we found that it is ‘F’.]

i.
ii.
iii.
iv.
V.
vi.

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

4! =24,

7 is an irrational number.

India is a country and Himalayas is a river.
Please get me a glass of water.

05’0 — sin’0 = cos20 for all 6 € R.

If x is a whole number, then x + 6 = 0.

Solution:

1.

ii.

iii.

iv.

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 a statement which is false. Hence, its truth
value is F.

It is a request. Hence, it is not a statement.

It is a statement which is true. Hence, its truth
value is T.

3. Write the truth values of the following
statements:

i. J5 is an irrational but 3.5 is a complex
number.

ii. VneN, n® + n is even number while n? — n is
an odd number.

iii. I n € Nsuch thatn+5>10. [Oct 14]

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 it’s all
angles are equal.

vii VneN,n+6>8.

Solution:

1. Let p : /5 is an irrational number.

q: 35 is a complex number.

Truth values of p and q are T and T
respectively.
The given statement in symbolic form is p A q.
pAqQ=TAT=T
Truth value of the given statement is T.

ii. Forn=1,n’—n=1-1=0 which is not an odd
number.
n =1 does not satisfies the given statement.
The given statement is wrong.
Its truth value is F.

iii. Forn=6,n+5=6+5=11>10

: n = 6 satisfies the equationn + 5> 10

The given statement is true.
Its truth value is T.

iv.  Let p : Square of ony even number is odd.

q : Cube of any odd number is odd.

Truth values of p and q are F and T respectively.
The given statement in symbolic form is p v q.
pvq=FvT=T
Truth value of the given statement is T.

V. For AABC, if all sides are equal, then it is an
equilateral triangle.
Equilateral triangle is also an equiangular
triangle.
The given statement is true.
Its truth value is T.

vii Forn=1,n+6=1+6=7%*38

: n = 1 does not satisfies the given statement.

The given statement is wrong.
Its truth value is F.
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4.

i.
ii.
iii.
iv.

IfA={1,2,3,4,5,6,7, 8, 9}, determine the
truth value of each of the following
statement:

Jx € A such that x + 8 = 15.
VxeAx+5<12.

dx € A, such thatx +7 >11.
VxeA 3x<25.

Solution:

Forx=7,x+8=7+8=15

x =7 satisfies the equation x + 8 = 15.

The given statement is true.

Its truth value is T.
Forx=7,x+5=7+5=12<«12

x =7 does not satisfies the given statement.
The given statement is wrong.

Its truth value is F.

Forx=4,x+7=4+7=112>11

x = 4 satisfies the equation x + 7 > 11.

The given statement is true.

Its truth value is T.
Forx=9,3x=3x9=27«£25

x =9 does not satisfies the given statement.
The given statement is wrong.

Its truth value is F.

Solution:

i p—>(Q@—p)
1|2 3 4
p 9 @>»p p—>@—>p)
T T T T
T|F T T
FIT F T
F|F T T

iil.

[Note:

Refer Exercise 1.2: Q.3 (iii)
Answer given in the textbook is ‘TTTT’.

However, we found that it is “TTTF’.]

5.
i.
ii.
iii.

Write the negations of the following:
VneA,n+7>6.

Jdx € A, such thatx +9<15.

Some triangles are equilateral triangle.

Solution:

i.

dn e Asuchthatn+7 * 6.
OR
dn e Asuchthatn+7<6.

VxeAx+t9<£15
OR
VxeAx+9>15

All triangles are not equilateral triangles.

Construct the truth table for each of the
following:

p—>(@—p

PV~ < [~(pAqg)

~(~PA~QVq

[(pA@VvrIA[~rvVv(pAg)]
[(~pVv@A(@>1)]>((P—r)

iv. [pAqQVvIIA[~rV(pAQ)]

(Prgv || v [[(pAgvi]a
PATPM g T paql Frveag)
T|T|T| T T F T T
T|TIF| T T T T T
T |F |T| F T F F F
T|F |F| F F T T F
F|T|T| F T F F F
F|TI|F| F F T T F
F |F |T| F T F F F
F |F |F| F F T T F
v. [pvadAr@=>0]=>@p-—1)

1 (~pv Q) A [(~pVvq)
P qr ~p~pvgq->r p—=>r1A(q@o1)]
(q—>n (p—>1)
TITT F| T T T T T
T|TF F| T F F F T
T/ FT F| F T F T T
T|F F F| F T F F T
F|ITT T T T T T T
F|TF T T F F T T
FIFIT T T T T T T
F|FF T| T T T T T
7. Determine whether the following statement

patterns are tautologies contradictions or
contingencies:
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i [P > DA~q@] > ~p

ii. [(Pv@Aa~pla~q

iii. (Po>9A(PAr~q

iv.. [p>@->0le(parg-—r]

v. [pA(po9l—>q

Vi PAQV(EPAQV(PV~QV(~pPA~Q)
vii. [pv~@V(EpAQIAT

viii. (p—>q)v(qQ—>p)

Solution:

. Refer Exercise 1.2: Q 3 (v)

[((pVv g A~plr~q

P9~ ~qpvqlpvaAr~pllpvagA~pla(~q)
TIT|F|F T F F
TFF|T T F F
FIT|T|F T T F
FIFIT|T F F F
All the truth values in the last column are F.
Hence, it is contradiction.
. (po>9A(PAr~q)
P a4 p>q 4 prq (Po9PA
(pAr~q)
T|T T F F F
T|F F T T F
F| T T F F F
F | F T T F F
All the truth values in the last column are F.
Hence, it is contradiction.
v. [po>@->n]e(pag—>r1]

[p— [(pr@) [P—>(@—>1)]
PlAITa2Tqsm P S olprg-
TIT|T| T T T T T
T|T|F| F F T F T
TIF|T| T T F T T
TIF|F| T T F T T
FIT T| T T F T T
F T/ F| F T F T T
FI F|IT T T F T T
FIF F| T T F T T

All the truth vlaues in the last column are T.
Hence, it is tautology.

v. [pAr(p—>9l—q

P d4 . p>9 pAp—>9  [pA(P—>9]—>q
T T| T T T
T F| F F T
F'T| T F T
F F| T F T

All the truth values in the last column are T.
Hence, it is tautology.

Vi pAQV(EpAQ VPV~ V(~pA~q)
Prgv
~pArQV
P9~ 9 pPAq ~PAqQ |PV~qQ ~PA~Q (Pv~q) Vv
(~pAr~q)
TITF/F| T F T F T
TF|F|T| F F T F T
FIT T F| F T F F T
FIF|T|T| F F T T T
All the truth value in the last column are T.
Hence, it is tautology.
Vi, [(pV~a)V(pAIAT
Pv~v [(pv~qV
r |~ Vv ~p A
p q PNQPNQPCI(NPAq) (<p A Q) AT
T|T|T|F|F T F T T
T|T|F|F|F T F T F
T|F|T|F|T T F T T
TIFIF|F|T T F T F
F/ T T T F F T T T
F/T F T F F T T F
F F T T|T T F T T
F/F F|T|T T F T F
Truth values in the last column are not identical.
Hence, it is contingency
viil. (p—>qv(@—>p)
P 4 p>9 @@—=>p P—>9Vv(@—p)
T|T T T T
T|F F T T
F|T T F T
F|F T T T
All the truth values in the last column are T.
Hence, it is tautology.
8. Determine the truth values of p and q in the
following cases:
i pvqisTand(pArq)isT
ii. (vqeisTand(pvq)—>qisF
iii. (paqisFand(paq)—o>qisT
Solution:

1.

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

P4 pvqg pagq
[T/T] T T |
T F| T F
F/T T F
F|F| F F

If(pvq)isTand (p A q)is T, then both p and q
have to be true, i.e., their truth value must be T.

[
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ii.

(pvqisTand(pvq) —>qisF.
Consider the following truth table:

P 9 pvqg (pvy—>q
TIT T T
[TIF| T F |
F T| T T
F F| F T

If(pvqgisTand (p v q) — qisF, then p is
true and q is false, i.e., truth value of p is T and
that of q is F.

prqisFand(parq) > qisT
Consider the following truth table:

P 9. prq| (prg—q
T T| T T
[T/F| F T |
[F . T| F T |
[F/F| F T |

If(pAq)is Fand (p A q) > qis T, then there
are three possibilities for the truth value of
p and q.

Either,pis T and qis F or
pisFandqis T or
both p and q are F.
9. Using truth tables prove the following logical
equivalences:
i peq=@EAgQvVEpPA~g)
[Oct 15; Mar 18; July 19]
ii. PpPArqQ—>r=p—o>(@-r)
Solution:
L peq=PAgVvpa~q)
1|2 3 415 6 7 8
Prgv
& q|l~p |~ AQ|~p A~
P9 p<>qQ ~P ~qPpAq|~P q(~p/\~q)
T|T|, T |F|F| T F T
T|F F F|T| F F F
F|T| F T F| F F F
F | F T |T|T| F T T
In the above truth table, the entries in the
columns 3 and 8 are identical.
pPeq=PArQVv(pAr~q)
ii.
1123 4 5 6 7
pla r paq qor Aqor P
(qQ—1)
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
F|T|T F T T T
F|T|F F F T T
F| F|T F T T T
F|F|F F T T T
In the above truth table, the entries in the
columns 6 and 7 are identical.
Pr@—=>r=p—>(Q—1)
10. Using rules in logic, prove the following:
i. poeq=~(PAr~qQ)A~(qAr~p)
ii. ~pAq=(vgAa~p
iii. ~pvgvEpaq=-~p [Mar 16]
Solution:
i RHS
=~(p A~ A~(qA~Dp)
=~[(p A~q) vV (qA ~p)] [De Morgan’s law]
=~[~(p )]

[~pe>d=PAr~q Vv (qAr~p)]
=p&q [Negation of negation]
=LHS

ii.  RHS
=(pvaAr~p
=(PA~p)Vv(Qr~p)

[Distributive law]
=(pAr~p)V(~p AQ) [Commutative law]
=Fv(~pAq) [Complement law]
=~pAq [Identity law]
=LHS
~pPAq=(PVPA~D

iii.  LHS
=~pvaVv(prq
=(~pA~qQVv(~pArq [DeMorgan’s law]
=~pA(~qVvQ) [Distributive law]
=~pAT [Complement law]
=~p [Identity law]
=RHS

11.  Using the rules in logic, write the negations of
the following:

i. PvgAa(qV~r) ii. pa(qQvr)

iii. (po>gAar

iv. (pA@QV(PA~Q)

Solution:

1.

~[(pva A(qv~1)]
=~(pvqv~qvVv-~r)
=(~pAr~qQV(~qAT)
=(~qA~p)Vv(~qAT)
=~qA(~pVr)

[De Morgan’s law]
[De Morgan’s law]
[Commutative law]
[Distributive law]




Chapter 1: Mathematical Logic

il. ~[pA(qvr)] The switching table:
=~pVv~(qVvr) [De Morgan’s law] pPlq r [pvqglpvripvgaA(@vr)
=~pV(~qA~T) [De Morgan’s law] 1|1 1 1 1 1
------------------------------------------------------------- L1l o 1] 1
iii.  ~[(p—>q) AT1] 10 1 1 1 1
=~p—>q)Vv~r [De Morgan’s law] 110 0 1 1 1
=(pA~q)v~r [~(p > =pAr~q] ol P B :
[Note: Answer given in the textbook is ‘(p A ~q) Vv r’. 0!lo 1 0 1 0
However, we found that it is ‘(p A ~q) v ~1’.] 00 0 0 0 0

iv. ~[(~pAr@vVvpAa~q] 13.
=~(~pArq)A~(pA~q) [DeMorgan’s law

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

=(pv~Ar(~pva) the simplified circuit.
12. Express the following circuits in the symbolic - > . o
form. Prepare the switching table: S, S,
1.
S, S, | S, S, !
) S| S S,
A A 4
. . e O
5 S . & o S S
I —(D _Jé;_g;i_ A
3

©

Solution:
i. Letp : The switch S; is closed.
q : The switch S; is closed.

Solution: . L
i Letp : The switch S; is closed. ~p : The sw%tch S 1.s closed.
q : The switch S, is closed. ~q : The switch S} is closed.
~p : The switch §; is closed. Symbolic form of the given circuit is
~q: The switch S} is closed. PA~)V(PAQV(~PpAr~q)
Symbolic form of the given circuit is =(p A~ VI[~pAqVv~q)]
PAQV(~p) Vv (pA~q) [Associative and Distributive law]
The switching table: =(p A~q) V (~pAT) [Complement law]
PAdv =(p A~q) v~p [Identity law]
La ||~ ((Ne)) e (~ ;lv =(pv~p)A(~qv~p) [Distributive law]
R RE s S R (~p) pA=q ( /Iz ~q) =(pv~p)A(~pv~q [Commutative law]
B I 010 I 0 P I 9 = TA(~pVv~q) [Complement law]
1o 0 o1 0 1 1 =~pV~q [Identity law]
The simplified circuit is:
01 0 10 1 0 1
00 0 1|1 1 0 1 be
_____________________________________________________________ S
ii. Letp : The switch S; is closed. >
q : The switch S, is closed. °
r : The switch S; is closed. )\ S,
Symbolic form of the given circuit is |
(pva)A (v Il L
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ii.

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

r : The switch S; is closed.

s : The switch S, is closed.

t : The switch Ss is closed.

~r : The switch S;1is closed.

~s : The switch S|, is closed.

~t : The switch S!is closed.

Symbolic form of the given circuit is
[(PAQV(~rv~sVv~)]A[PpAQV(TASAL)]
s[pArqQVv~TAsAYIA[PAQ V(TASAL]
[De Morgan’s law]
=(pAqQVI[~(TASA)A(TASAL)]
[Distributive law]
=(parq VvF [Complement law]
=pAq [Identity law]
The simplified circuit is:

s e e

S S,

||‘I )

©

Solution:
Let p : The switch S; is closed.
q : The switch S, is closed.
r : The switch Ss is closed.

A L Symbolic form of given circuit is
pr@vn=(pPArqV(pAar)
[Distributive law]
il. Symbolic form of given circuit is,
(PAQV(pAT)
The given circuits are logically equivalent.
...[From (i) and (i1)]
B. i The symbolic form of the given circuit is
PvaAapvr)
ii.  The symbolic form of the given circuit is

pv@an=@EvaqAavr
[Distributive law]
The given circuits are logically equivalent.
...[From (i) and (i1)]

14.

A.
i
S, s,
SS
ii. o
S, S,
._/._
Sl SS
B.
i . .
Sl S1

1i.

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

15. Give alternative arrangement of the
switching following circuit, has minimum

switches.
— e
S, S, S,
[ 4 o
> S| S, S, >
S1 SZ S3
J N . . PR y
S, S, S5
< Il || @ <
Solution:
Let p: The switch S; is closed.

q: The switch S; is closed.
r: The switch S; is closed.
~p: The switch S; is closed.
~q: The switch S is closed.

Symbolic form of given circuit is
PAGA~P)V(-PAGAT)V(PAQAT) V(P A~GAT)
=PA~PAQDV(-PAQAT)V(PAQAT)

V(PA~qQAT) [Commutative law]
=FArqQVv(pArqanv(pArqAaD)V(PA~qAT)
[Complement law]
=Fv(pAaqAarn)v (pAQAT)V(PA~QAT)
[Identity law]
=(-PAGADV (PAGADV (PA~GAT)
[Identity Law]
=[(~pvp)A@AD]V(PA~qAT)
[Distributive law]
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=[TA(QATD]V(PA~qQAT) [Complement law]

=(qAD)V(PA~QAT) [Identity law]
=[qv (A ~@]Aar [Distributive law]
=[(qvpAr@v~Q]Aar [Distributive law]
=[(qvp)ATIAT [Complement law]
=(qQvp AT [Identity law]
[Commutative law]

=(pvanr
The switching circuit corresponding to the given

statement is:
S 1 —" SS

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.

16. Simplify the following so that the new circuit
has minimum switches.

©

A

Solution:

Let p : The switch S; is closed.

q : The switch S; is closed.

~p : The switch S; is closed.

~q : The switch S, is closed.
Symbolic form of the given circuit is

~pvavipv~qvpvaq

=(~pvaVvipviqgv~q]
...[Commutative and Distributive law]

=s(~pvqvpvT [Complement law]

=(~pvqvT [Identity law]
=~pv(qvT [Commutative law]
=~pvT [Identity law]
=T [Identity law]

iI——®
17. Represent the following switching circuit in
symbolic form and construct its switching
table. Write your conclusion from the
switching table.
. PR
S, S,
S,
N 83 82 S3
< I||| @ <
Solution:

Let p : The switch S, is closed.
q : The switch S; is closed.

r : The switch S; is closed.

~p : The switch S; is closed.
~q : The switch §,
~r : The switch S; is closed.

is closed.

Symbolic form of the given circuit is
(Pv~qv~1A[pv(qgar)]

The switching table corresponding to the given
statements is :

[pVv(~q Vv
P |a fr =g P Ylaan OXy | Gnln
[pv(qar)]
1/1/1/0/0 1 1 1 1
1/1/0/0]1 1 0 1 1
10110 1 0 1 1
1100 1]1 1 0 1 1
0/1/1]0]0 0 1 1 0
0/1/0/|0]1 1 0 0 0
0|0 1 ]1]0 1 0 0 0
0/0/0|1]1 1 0 0 0
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:

g

Sy
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Activities for Practice J

By filling in the blanks that
[(p Vv q) A ~p] = qis a tautology.
[(pva)A~pl—>q

=[pA~p)v(@Ar~p]—>q
-l ]

= [D v (qQA~p)] — q ...[Complement law]
=(QA~p)—>q D H

=~(qQA~p) |:| q ...[Conditional law]
=(~qvp Vvq ...[De Morgan’s law]
=(pv~qQVvq ...[Commutative law]

=pv(~qvq) ] |

EpVD

=T ...[Identity law]
Since the truth value of the given statement
pattern is T, it is a tautology.

prove

...[Complement law]

1. If p and q are true and r and s are false
statements, find the truth value of ~ (p A ~1) v
(~q v s). Fill in the blanks.
~(p A~V I(~qVs)
=~TA[ DVFEVEF
=-[vr
<[]

2. Prepare the truth table of
(A Q) —>(~p)

P aprq P (PAQ—>(P)
TIT|[]|F F
TF| F | F []
FiT [ ]| T
FIF F | T []

3. Examine whether the following statement
patterns are tautology, contradiction or
contingency. [(p v q) v r] = [p v (q Vv 1)]. Fill
in the boxes.

[(pva)vr]

P a r pvaqvrlpvgvrpvigvr -

[pv(q v 1)]

TIT| T T T T T T

T|T I:I T T T T T

TIF| T | T I:l T I:l T

TIF| F | T | F T T T

FITI T| T |T T T T

FIT| F T T T T T

FIF| T I:l T T T T

FIF| F | F | F F F I:l

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

(P v v < [pvi(@vri]ia

By filling in the boxes write the negations of the
following statement (p A q) Vv (q A ~1)

~[(pAq Vv (qAa~1)]
=~prq [ | ~anr~n)
...[De Morgan’s law]

=(-pv~q [ | Cav][ ]

...|De Morgan’s law]

=(~pv~q) [ | tv~q .|| ]
E(D/\r)v~q

...[Distributive law]

One Mark Questions J

1.

Write the negation of the given statement
3 x € R such that x* =—1

Using statements

p : Kiran passed the examination.

q : Kiran is sad.

Write the statement ‘If Kiran passed the
examination, then he is not sad’ in symbolic form.

Assuming p : She is beautiful.
q : Sheis clever.
Write the verbal form of ~p A ~q.

If p, g, r have truth values T, F, T respectively,
then what is the truth value of [(~p v q) A ~1)]?

Write the converse of the given statement:
‘If a man is rich then he does not work’.

Write the dual of the following statement:
~pA(qVo) [July 18]

Write the dual of p A~p=F. [Feb 20]
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Multiple Choice QuestionsJ

1. Which of the following is a statement?
(A) Stand up!
(B) Will you help me?
(C) Do you like social studies?
(D) 27 s aperfect cube.

2. Which of the following is not a statement?
(A) Please do me a favour.
(B) 2isan even integer.
(© 2+1=3.
(D) The number 17 is prime.

3. Which of the following is an open statement?
(A) xis anatural number.
(B) Give me a glass of water.
(C) Wish you best of luck.
(D) Good morning to all.

4. Which of the following is not a proposition in
logic.

(A) V3 s a prime.

(B) V2 is a irrational.
(C) Mathematics is interesting.
(D) 5isan even integer.

5. If p: The sun has set
q: 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) ~p~aq
© pr~q D) pv~q

6. Let p: ‘It is hot’ and q: ‘It is raining’.

The verbal statement for (p A ~q) > p is

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

7. 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—s B) ~(P—>~s3)
© ~p—>~s D) ~P—s)
8. The converse of the statement ‘If it is raining

then it is cool’ is

(A) Ifitis cool then it is raining.

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

10.

11.

12.

13.

14.

15.

16.

17.

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

(A) pistrueand q is false.

(B) pis false and q is true.

(C) pistrue and q is true.

(D) pis false qis false.

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

(A) pv~q B) ~prgq

© ~pnrgq D) ~pr~q

The logically equivalent statement of p — q is
(A) ~pvq B) q—=>-~p

© ~qvp D) ~qv-~p

The logically equivalent statement of ~p v ~q is
(A) ~pAr~q B) ~p Aq)

© ~pva D) paq

The contrapositive of (p v q) > ris

A) ~t=>~par~q B ~r->(pva

© r->pva M) p—=>@Qvr)
Which of the following propositions is true?

A) po>q=~p—>~q

B) ~p—>~=~prgq

© ~pe9=[~P—>9Ar~(q-p)]

D) ~(p—=>~9=~pnrq

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 q be two statements then the
conjunction of the statements, p A q is false
when

(A) Dboth p and q are true.

(B) either p or q are true

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

(D) both p and q 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.
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18.

19.

20.

21.

22.

23.

24.

The statement (p AqQ) A(~p Vv ~q)is

(A) a contradiction.

(B) atautology.

(C) neither a contradiction nor a tautology.
(D) equivalenttop v q.

The proposition p A ~p is a

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

(C) tautology.

(D) contradiction.

The propositionp > ~(p A q)isa
(A) tautology (B) contradiction
(C) contingency (D) either (A) or (B)

The false statement in the following is

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

(B) (p—q) — (~q » ~p) is a contradiction.
(C) ~(~p) — p is a tautology.

(D) p Vv (~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(gr~1)] is,

(A)  ~(pAg) A [p Vv (gr~1)]

B) (PrgAlpA(qv~1)]

©) ~(pr9) AlpA(@aD)]

D) ~prpAlpar(@v~r1)]

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

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

B)  (~pAQ Vv [~pV (pA~q)]

©  (pva) Vv [~pA(pv~q)]

D)  (PrQ) Vv [~pA(pA~q)]

Time: 1 Hour

Q.1.

Q.2.

25.

26.

217.

28.

29.

N TOPIC TEST Total Marks: 20

A,
> SI >
S —
= o ’ Si >
S, .
S,
D — ()

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

[Mar 16]
~pAr(@—>1)
~pVv(qAa~T)

The negation of p A (@ —> 1) is
(A) pv(~qvn B)
© ~pa(~q—>~1) (D)
Inverse of the statement pattern
Pva—=>PArqis

A er9d—>@CPVva

B ~Pvad->0pmrq

© (pv~qd—>(pr~q
D) ~pA~q9—>(~pv~9

The negation of p A (q > 1) is

[July 16]

[Mar 22]
A) ~pA(q—>-~1) (B) pv(~qvr)

© ~par(q->1 (D) p=>@Qa~1)
The negation of (p v ~q) ATis .
[July 22]

(A) (pA@ AT B) (pArgvr
©) (pAqQvVv-~r D (pvada~r

SECTION A

Select and write the correct answer. [4]
1. (p A Q) — ris logically equivalent to .

(A) p—>(Q—r) B) pPrg@-o-~r

© (pv~qQ->~r D) (pvy-or
ii.  The negation ofp A (q > 1) is

(A) ~pA(~q—>~1) B) pv(xqvr)

© ~pA(q—>-~1) D) ~pviga-~1)

Answer the following.
1. Assuming p : She is beautiful.
q : She is clever.
Write the verbal form of ~p A ~q.

ii.  Write the dual of the following.
[~V I[PV ~(qAa~s)]

2]
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SECTION B

Attempt any two of the following:

Q.3. Determine the truth values of p and q in the following cases:

pvqisTand(pArq)isT

Q.4. Construct the truth table for the following statement patterns.
p—(@—p)

Q.5. Rewrite the following statements without using if ... then.

If a man is a judge, then he is honest.

SECTION C

Attempt any two of the following:

Q.6. Write converse, inverse and contrapositive of the following statements.

A family becomes literate if the woman in it is literate.

Q.7. Examine whether each of the following statement patterns is a tautology or a contradiction or a
contingency.

[p>(Cqvn]o~[p—>(Qq—or1)]

Q.8. Express the following circuits in the symbolic form of logic and write the input-output table.

Si Sy S;

S, S; S
L ©
SECTION D

Attempt any one of the following:

[4]

o

[4]

Q.9. Give an alternative equivalent simple circuits for the following circuits:

_>_/._ Sz
Si _,_/._

L. . .

N S; S,

Q.10. Obtain the simple logical expression of the following. Draw the corresponding switching circuit.

PAQA~P)V(~PAGAT)V(PA~QAT)
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( Activities for Practice J

1. i. T il. T
iii. F iv. F
2. i. T il. T
iii. F iv. T
3. i. F il. T
iii. T iv. F
V. T vi.  Tautology
4, 1. Distributive law  1ii. F
iii.  Identity law iv. v
V. Associative law ~ vi. T
5. i. A il. N
. r v. A
v. Commutative law vi. ~p
( One Mark Questions J
VxeR x#-1 2. p—>~q
She is not beautiful and not clever.
F

If a man does not work then he is rich.
The dual of this statement is ~p V (q A t)
. The dual of this statementisp V ~p=T

N LA

(Multiple Choice QuestionsJ

. ©® 2 (A 3 (A 4 ()
5. (A) 6. (A) 7. (D) 8 (A)
9. (C) 10. (D) 11. (A) 12. (B)
13. (A) 14. D) 15. (C) 16. (C)
17. (C) 18. (A) 19. (D) 20. (C)
21. (B) 22. (B) 23. (D) 24. (C)
25. (D) 26. (D) 27. (D) 28. (D)
29. (C)

( Topic Test J

1. i (A) ii. (D)
2. 1. She is not beautiful and not clever.
ii. [~pAq@]lvIpar~(qVv~s)]
3. T
4. TTTT
5. A man is not a judge or he is honest.
6. Converse: If a family becomes literate then the

woman in it is literate.
Inverse : If the woman in the family is not
literate then the family does not become literate.
Contrapositive: If a family does not become
literate then the woman in the family is not literate.

7. Contradiction
. (PVDAQVDA(EVD)
10.  rA(=pArq@)V(pA~q)]

Competitive Corner J

1. The logical statement
[~(~pVv q) Vv (pAr)] A(~qAT)is equivalent to:
[JEE (Main) 2019]
(A) (pAr~g At B) Pr~qvr
© ~pvr D) (pArA~q

2. The contrapositive of the statement ‘If Raju is
courageous, then he will join Indian Army’, is
[MHT CET 2020]
(A) If Raju does not join Indian Army, then
he is not courageous.
(B) If Raju join Indian Army, then he is not
courageous
(C) If Raju join Indian Army, then he is
courageous.
(D) If Raju does not join Indian Army, then
he is courageous.

3. The negation of a statement
‘xeAnB—(xeAandxeB)’is
[MHT CET 2021]
(A) xeAnB-—(xeAorxeB)
(B) xeANnB or(xeAandxeB)
(C) xeANB and (xgAorxeB)
(D) x¢ANB and (xeAandxeB)
4. The statement among the following that is a

tautology is : [JEE (Main) 2021]
(A) AA(AVvB)

B) Av(AAB)

) [AA(A—>B)]—B

(D) B—>[AA(A—B)]

5. For three simple statements p, q, and T,
p — (q V1) is logically equivalent to
[MHT CET 2022]
(A) (pvqQ—r
B) =~ (p—1)
© P—9Vp—r
M) Pe—=9Arp—~1)
Answers:
1. D) 2. A) 3. © 4 ©
5. ©

Hints:
L [~(pv@VvpADIA(~qAT)
=[PA~@ Vv (PADIA(~qAT)
...|De Morgan’s law]
=pA(~qQVI)A(~qAT)
...|Distributive law]
=pAl(~qvr)a~qlar
...[Associative law]
...[Absorption law]
...[Commutative law]

=pA(~qQ) AT
=(pAr)a~q
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2. p: Raju is courageous
q: Raju will join Indian Army
Given statement is: p — q
It’s contrapositive is: ~q — ~ p
If Raju does not join Indian army, then he is not
courageous.

3. p—>q=~pvq
~ ~(Poa=pr~q
4. Consider option (C),

A/ B/A>B|AA(A—> B) [AA(A>B)]—>B
T|T T T T
T|F F F T
F|T T F T
F |F T F T
All the entries in the last column of the above
truth table is T.
[A A (A — B)] > B is a tautology.
3.
1 (23 4 5 6 7 8
P q qQvVr p—> p—>q p—o>r (p—>q)
(qVr) \Y
(p—1)
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
F|T T T T T T T
F|T|F T T T T T
F|F| T T T T T T
F|F|F F T T T T

Columns 5 and 8 are identical
p>@VD=(pP—>9 V(-1

Scan the given Q. R. Code in Quill - The Padhai App to view
the solutions of the Topic Test.
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