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Mathematical Logic

EXERCISE 1.1 [PAGES 6 - 8]

Exercise 1.1 | Q 1.01 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

5+4=13
Solution: Itis a statement which is false, hence its truth value is ‘F’.

Exercise 1.1 | Q 1.02 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

x—-3=14
Solution: It is an open sentence, hence it is not a statement.

Exercise 1.1 | Q 1.03 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Close the door.
Solution: It is an imperative sentence, hence it is not a statement.

Exercise 1.1 | Q 1.04 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Zero is a complex number.
Solution: It is a statement which is true, hence its truth value is ‘T".

Exercise 1.1 | Q 1.05 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Please get me breakfast.
Solution: It is an imperative sentence, hence it is not a statement.

Exercise 1.1 | Q 1.06 | Page 6
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State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Congruent triangles are similar.
Solution: It is a statement which is true, hence its truth value is ‘T".

Exercise 1.1 | Q 1.07 | Page 6

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

X2 =X
Solution: It is an open sentence, hence it is not a statement.

Exercise 1.1 | Q 1.08 | Page 8

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

A quadratic equation cannot have more than two roots.
Solution: It is a statement which is true, hence its truth value is ‘T".

Exercise 1.1 | Q 1.09 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Do you like Mathematics?
Solution: It is an interrogative sentence, hence it is not a statement.

Exercise 1.1 | Q 1.1 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

The sunsets in the west
Solution: It is a statement which is true, hence its truth value is ‘T".

Exercise 1.1 | Q 1.11 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

All real numbers are whole numbers.

Solution: It is a statement which is false, hence its truth value is ‘F’.
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Exercise 1.1 | Q 1.12 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

Can you speak in Marathi?
Solution: It is an interrogative sentence, hence it is not a statement.

Exercise 1.1 | Q 1.13 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

X2 —-6x—7=0,whenx=7
Solution: It is a statement which is true, hence its truth value is ‘T".

Exercise 1.1 | Q 1.14 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

The sum of cube roots of unity is zero.
Solution: It is a statement which is true, hence its truth value is ‘T .

Exercise 1.1 | Q 1.15 | Page 7

State which of the following is the statement. Justify. In case of a statement, state its
truth value.

It rains heavily.
Solution: It is an open sentence, hence it is not a statement.

Exercise 1.1 | Q 2.1 | Page 7

Write the following compound statement symbolically.
Nagpur is in Maharashtra and Chennai is in Tamil Nadu.
Solution: Let p: Nagpur is in Maharashtra.

Let g: Chennai is in Tamil Nadu.

Then the symbolic form of the given statement is pAqQ.

Exercise 1.1 | Q 2.2 | Page 7
Write the following compound statement symbolically.

Triangle is equilateral or isosceles.
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Solution: Let p: Triangle is equilateral.
Let g: Triangle is isosceles.

Then the symbolic form of the given statement is pvq.

Exercise 1.1 | Q 2.3 | Page 7

Write the following compound statement symbolically.

The angle is right angle if and only if it is of measure 90°.

Solution: Let p: The angle is right angle.
Let g: It is of measure 90°

Then the symbolic form of the given statement is p<q.

Exercise 1.1 | Q 2.4 | Page 7

Write the following compound statement symbolically.
Angle is neither acute nor obtuse.

Solution: Let p: Angle is acute.

Let g: Angle is obtuse.

Then the symbolic form of the given statement is ~pA~q.

Exercise 1.1 | Q 2.5 | Page 7

Write the following compound statement symbolically.
If A ABC is right-angled at B, then mzA + mzC = 90°
Solution: Let p: A ABC is right-angled at B.

Let g: mzA + m«C =90°

Then the symbolic form of the given statement is p—q.

Exercise 1.1 | Q 2.6 | Page 7

Write the following compound statement symbolically.
Hima Das wins gold medal if and only if she runs fast.
Solution: Let p: Hima Das wins gold medal

Let g: She runs fast.

Then the symbolic form of the given statement is p<q.

Exercise 1.1 | Q 2.7 | Page 7

Write the following compound statement symbolically.

velocity coaching classes, chandrapur

NELCITY

JEE-NEET COACHING



cracknta.com /\Zi@cn'y

JEE-NEET COACHING

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

Solution: Let p: x is not irrational number

Let g: It is a square of an integer

Then the symbolic form of the given statement is pAq.

[Note: If p: x is irrational number, then the symbolic form of the given statement is
~pAq.]

Exercise 1.1 | Q 3.1 | Page 7

Write the truth values of the following.

4 is odd or 1 is prime.

Solution: Let p: 4 is odd.
g: 1is prime.
Then the symbolic form of the given statement is pvq.
The truth values of both p and g are F.
=~ The truth value of pvqis F ........ [FVF = F]

Exercise 1.1 | Q 3.2 | Page 7
Write the truth values of the following.

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

Solution: Let p: 64 is a perfect square.
g: 46 is a prime number.
Then the symbolic form of the given statement is pAq.
The truth values of p and g are T and F respectively. . The truth value of pAq is F
........ [TAF = F]

Exercise 1.1 | Q 3.3 | Page 7
Write the truth values of the following.

5 is a prime number and 7 divides 94.

Solution: Let p: 5 is a prime number.

g: 7 divides 94.
Then the symbolic form of the given statement is pAq.
The truth values of p and g are T and F respectively.
~ The truth value of pAqis F ......... [TAF = F]
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Exercise 1.1 | Q 3.4 | Page 7
Write the truth values of the following.

It is not true that 5-3i is a real number.

Solution: Let p: 5-3i is a real number.

Then the symbolic form of the given statement is ~p.
The truth values of p is F.

~ The truth values of ~pis T ......... [~F=T]

Exercise 1.1 | Q 3.5 | Page 7
Write the truth value of the following.
If3x5=8then3+5=15.

Solution: Letp: 3x5=8
Q:3+5=15
Then the symbolic form of the given statement is p—q.
The truth values of both p and g are F.
~ The truth value of p—qis T ........ [F—F = T]

Exercise 1.1 | Q 3.6 | Page 7
Write the truth value of the following.

Milk is white if and only if sky is blue.

Solution: Let p: Milk is white.
g: Sky is blue
Then the symbolic form of the given statement is p<—q.
The truth values of both pand g are T.
~ The truth value of p—qis T ....... [TeT=T]

Exercise 1.1 | Q 3.7 | Page 7
Write the truth values of the following.

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

Solution: Let p: 24 is a composite number.
g: 17 is a prime number.
Then the symbolic form of the given statement is pvq.
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The truth values of both p and g are T.
=~ The truth value of pvqis T ........ [TVT =T]

Exercise 1.1| Q4.1 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

PV(qAT)
Solution: Truth values of p and g are T and truth values of r and s are F.
PVATNETV(TAF)
=ETVF=T
Hence the truth value of the given statement is true.

Exercise 1.1 | Q 4.2 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

(p—aq)Vv(r—s)
Solution: Truth values of p and g are T and truth values of r and s are F.
P—qVv(—s)=E(T->T)V(F—-F)
=ETVT=T
Hence the truth value of the given statement is true.

Exercise 1.1 | Q 4.3 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

@AV (~pAS)
Solution: Truth values of p and g are T and truth values of r and s are F.

@ANV(~pAS)S(TAF)V(~TAF)

=FV(FAF)

=FVF=F
Hence the truth value of the given statement is false.
Exercise 1.1 | Q 4.4 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

(P—q)A~T
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Solution: Truth values of p and g are T and truth values of r and s are F.
P->aA(CNET->T)A(~F)

ETAT=ET
Hence the truth value of the given statement is true.

Exercise 1.1 | Q4.5 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

(~rep)—~q
Solution: Truth values of p and q are T and truth values of r and s are F.
(~rop)o(~q)=(~FoT)—(~T)
=(T-T)->F
=T>F=F
Hence the truth value of the given statement is false.

Exercise 1.1 | Q4.6 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

[~pA(~agAnlvi@Aan Vv (pAnl
Solution: Truth values of p and q are T and truth values of r and s are F.

[~pA(~agAnlvi@AanV(pAn]
E[~TACRTABRIVITAF)V(TAF)
SEIFAFAF]VIFVF

(FAF)VF

=FVF=F

Hence the truth value of the given statement is false.

Exercise 1.1 | Q4.7 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

[(~pAA)A~T]V[(Q—Pp)—(~sVD)]
Solution: Truth values of p and g are T and truth values of r and s are F.

[(~pAA)A(~N]V(G—p)—(~sVi)]
E[(TATDACBIV(T->T)—>(~FVF)]
S[(FAT)AT]VIT - (TVF)]

EFAT)V(T—T)

=EFVTE=ET

Hence the truth value of the given statement is true.
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Exercise 1.1 | Q 4.8 | Page 7

If the statement p, q are true statement and r, s are false statement then determine the
truth value of the following:

~[(~pANV(s—>~qle(pAr
Solution: Truth values of p and g are T and truth values of r and s are F.

~[(~pAnNV(s—>~q)]—(pAT)
E~[(~~TAFVF—->~T)] < (TAF
E~[(FAF)V(F—-F)]oF

~FvT)eF

=E~TeoF

=FoF=T

Hence the truth value of the given statement is true.

Exercise 1.1 | Q5.1 | Page 7
Write the negation of the following.

Tirupati is in Andhra Pradesh.

Solution: The negation of the given statement is:
Tirupati is not in Andhra Pradesh.

Exercise 1.1 | Q5.2 | Page 7
Write the negation of the following.

3 is not a root of the equation x? + 3x —18 =0

Solution: The negation of the given statement is:
3 is a root of the equation x> + 3x — 18 =0

Exercise 1.1 | Q5.3 | Page 7

Write the negation of the following.

\2 is a rational number.

Solution: The negation of the given statement is:
V2 is not a rational number.

Exercise 1.1 | Q5.4 | Page 7
Write the negation of the following.

Polygon ABCDE is a pentagon.
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Solution: The negation of the given statement is:
Polygon ABCDE is not a pentagon.

Exercise 1.1 | Q5.5 | Page 7
Write the negation of the following.
7+3>5

Solution: 7 + 3 #5

EXERCISE 1.2 [PAGE 13]

Exercise 1.2 | Q 1.01 | Page 13

Construct the truth table of the following statement pattern.
[(P—a)Adl—p

Solution: Here are two statements and three connectives.
~ Thereare 2 x 2 =4 rows and 2 + 3 =5 columns in the truth table.

p q p—q (Pp—a)Aq [(P—a)Aq]l—p
T T T T T
T F F F T
F T T T F
F F T F T

Exercise 1.2 | Q 1.02 | Page 13

Construct the truth table of the following statement pattern.

(PA~Q) < (p—Qq)

Solution:
p q ~q PA~(Q p—q PA~Qq)<(p—
Q)
T T F F T F
T F T T F F
F T F F T F
F F T F T F

Exercise 1.2 | Q 1.03 | Page 13

Construct the truth table of the following statement pattern.
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(PAQ)e(qVr)

Solution:
P q r pPAQ qvr (PAQ)—(qVvD)
T T T T T T
T T F T T T
T F T F T F
T F F F F T
F T T F T F
F T F F T F
F F T F T F
F F F F F T
Exercise 1.2 | Q 1.04 | Page 13
Construct the truth table of the following statement pattern.
p—[~(@An]
Solution:
p q r qAT ~(aAT) p—[~(qAr)
T T T T F F
T T F F T T
T F T F T T
T F F F T T
F T T T F T
F T F F T T
F F T F T T
F F F F T T

Exercise 1.2 | Q 1.05 | Page 13

Construct the truth table of the following statement pattern.
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~pA[(pV~a)Ad]

Solution:

p q ~p ~q pVv~q (Pv~a)Aq ~pA[pv~qg]lAqg
T T F F T T F

T F F T T F F

F T T F F F F

F F T T T F F

Exercise 1.2 | Q 1.06 | Page 13

Construct the truth table of the following statement pattern.

(~p—=>~aq)A(~q—~p)

Solution:
P q ~p ~q ~p—~q ~q—>~p (~p—=>~q)A(~q
— ~ )
T T F F T T T
T F F T T F F
F T T F F T F
F F T T T T T
Exercise 1.2 | Q 1.07 | Page 13
Construct the truth table of the following statement pattern.
(@—-p)V(~pea)
Solution:
p q ~p q—p ~peq (@—p)V(~peaq)
T T F T F T
T F F T T T
F T T F T T
F F T T F T

Exercise 1.2 | Q 1.08 | Page 13
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Solution:
P | a | T |g=rip=>(@—>r|pAg | (prg) —r [pﬁ(qﬁr)]]e»[(p/\q)ﬁ
r
T T T T T T T T
T|T|F F F T F T
T F | T T T F T T
T F F T T F T T
F T T T T F T T
F T | F F T F T T
F F | T T T F T T
F|F|F T T F T T
Exercise 1.2 | Q 1.09 | Page 13
Construct the truth table of the following statement pattern.
p—[~(QAr)]
Solution:
p q r QAT ~ (@A) p—[~(qAn)]
T T T T F F
T T F F T T
T F T F T T
T F F F T T
F T T T F T
F T F F T T
F F T F T T
F F F F T T
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Exercise 1.2 | Q1.1 | Page 13
Construct the truth table of the following statement pattern.

(PV~a)—(rAp)

Solution:
p q r ~q pv~q rap (PV~q)—(rAp)
T T T F T T T
T T F F T F F
T F T T T T T
T F F T T F F
F T T F F F T
F T F F F F T
F F T T T F F
F F F T T F F
Exercise 1.2 | Q 2.01 | Page 13
Using truth table, prove that~p AQ=(pVvVQgQ)A~p
Solution:
1 2 3 4 5 6
p q ~p ~pACQ pVvq (pva) A~p
T T F F T F
T F F F T F
F T T T T T
F F T F F F

The entries in columns 4 and 6 are identical
S~pAQE(PVAA~-P
Exercise 1.2 | Q 2.02 | Page 13

Using the truth table prove the following logical equivalence.

~(PvaVv(~pArg)E~p
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Solution:
1 2 3 4 5 6 7
p q ~Pp pva ~(pVva) ~PACQ ~PVaV(~pA
T T F T F F ?:)
T | F F T F F F
F | T T T F T T
F | F T F T F T
The entries in columns 3 and 7 are identical.
“~PVaV(~pAQ)=E~p
Exercise 1.2 | Q 2.03 | Page 13
Using the truth table prove the following logical equivalence.
pogqE~[Ppva)A~(pAa)
Solution:
1 2 3 4 5 6 7 8
P | g |pead|pva | pAg | ~(PAQ | (PVAA~(PAQ | ~[(PVa)A~(p
A Q)]
T T T T T F F T
T|F F T F T T F
F]T F T F T T F
F|F T F F T F T

The entries in columns 3 and 8 are identical.
SpeqE~[PVvaA~(pAQg)

Exercise 1.2 | Q 2.04 | Page 13

Using the truth table prove the following logical equivalence.

p—@—p)=~p—(p—Q)

Solution:
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1 2 3 4 5 6 7
P q q—p p—(@—p) ~p P—q ~p—(P—aq)
T T T T F T T
T F T T F F T
F T F T T T T
F F T T T T T
The entries in columns 4 and 7 are identical.
“p—@—p=E~p—(p—0
Exercise 1.2 | Q 2.05 | Page 13
Using the truth table prove the following logical equivalence.
(Pva)—r=(p—rA(qQ—r)
Solution:
1 2 3 4 5 6 7 8
P q r pva | (pva)—r | p—r | g—r (P—nA(@—r)
T T T T T T T T
T T F T F F F F
T F T T T T T T
T F F T F F T F
F T T T T T T T
F T F T F T F F
F F T F T T T T
F F F F T T T T

The entries in columns 5 and 8 are identical.
~(Ppvag)—=r=(p—-rA(@—r)

Exercise 1.2 | Q 2.06 | Page 13

Using the truth table prove the following logical equivalence.
p—@ANE(P—0q)A(p—r)

Solution:
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1 2 3 4 5 6 7 8
p q r| aar | p—=>@An | p—=q | p=r | (P=>qA(p—T)
T T T T T T T T
T| T |F F F T F F
T F | T F F F T F
T F | F F F F F F
F T T T T T T T
F T F F T T T T
F F T F T T T T
F F | F F T T T T
The entries in columns 5 and 8 are identical.
~p—=(@QAN=E(P—q)A(P—T)
Exercise 1.2 | Q 2.07 | Page 13
Using the truth table prove the following logical equivalence.
p—(@ANZE(PAQ) (P—T)
Solution:
1 2 3 4 5 6 7 8
p q r QAT | p—(qAT) (PAQ) | (P—T) mA%ma
T T T T T T T T
T T F F F T F F
T F T F F F T F
T F F F F F F F
F T T T T T T T
F T F F T T T T
F F T F T T T T
F F F F T T T T

The entries in columns 5 and 8 are identical.
“p—=@AN=(pPAQq)(p—r)
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Exercise 1.2 | Q 2.08 | Page 13

Using the truth table prove the following logical equivalence.

PA@VI)=E(PAQV(PAT)
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Solution:
1 2 3 4 5 6 7 8
Y q r qvr PA(QVT) PAQ PAT (p/\qz)V(IO/\
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 F F F F
F T F T F F F F
F F T T F F F F
F F F F F F F F

The entries in columns 5 and 8 are identical.
SpA@VI)E(PAQV(PAT)

Exercise 1.2 | Q 2.09 | Page 13

Using the truth table prove the following logical equivalence.

[~(VvaVvEVvalArsr

Solution:

1 2 3 4 5 6 7

Y q r pvr | ~(pVva | ~(PVaV(Va) [~(pPvaVvpeVvaolar
T T T T F T T

T T F T F T F

T F T T F T T

T F F T F T F

F T T T F T T

F T F T F T F
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F

F

T F

T

F

F

F F

T

The entries in columns 3 and 7 are identical.
s~PVvgVvpeVvalar=sr

Exercise 1.2 | Q 2.1 | Page 13

Using the truth table proves the following logical equivalence.

~(pPeq=(pPA~qV@A~p)

Solution:

1] 2] 3 4 5 6 7 8 9

Pl a|~p|~q|peq| ~(peq)| pPA~q | gA~p | (PA~Q)V(QA~
T| T | F F T F F F pF)
T|F | F T F T T F T

Fl T T F F T F T T
FIF] T T T F F F F

The entries in columns 6 and 9 are identical.
c~Peq)=E(PA~qVAA~D)

Exercise 1.2 | Q 3.01 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(pAQ)—(aVp)

Solution:
q pPACQ qvp (pAg)—(QVp)
T T T T
F F T T
T F T T
F F F T

All the entries in the last column of the above truth table are T.

~(pAQ)—(qV p)is atautology.

Exercise 1.2 | Q 3.02 | Page 13
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Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(P—q)e(~pVva)

Solution:
p q ~p pP—q ~pvq P—a)e(~pVva)
T T F T T T
T F F F F T
F T T T T T
F F T T T T

All the entries in the last column of the above truth table are T.

=~ (p—q) < (~pVaQq)is a tautology.

Exercise 1.2 | Q 3.03 | Page 13

Discuss the statement pattern, using truth table : ~(~p A ~q) v q

Solution: Consider the statement pattern: ~(~pA~(q) VvV (Q
Thus the truth table of the given logical statement: ~(~p A ~Q) V q

pPld|~p|~aq| ~pArq ~(~p ~(~p A ~0)
A ~Q) vV

TI| T F F F T T

TIF| F | T F T T

F|T| T F F T T

F F T T T F F

The above statement is contingency.

Exercise 1.2 | Q 3.04 | Page 13

Examine whether the following logical statement pattern is a tautology, contradiction, or

contingency.
[(p—a)Adl—p

Solution: Consider the statement pattern: [(p —>q)AQ]—p

No.ofrows=2n=2x2=4

No. ofcolumn=m+n=3+2=5
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Thus the truth table of the given logical statement :
[(P—ad)Aql—p

p q pP—q (P—a)Aq [(p—a)Aq]l—p
T T T T T
T F F F T
F T T T F
F F T F T

From the above truth table we can say that given logical statement: [[p > q) Aq] — pis
contingency.
Exercise 1.2 | Q 3.05 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(pP—a)A~ql—~p

Solution:
p q ~p ~( P—q | (P—a)A~Q [(p—a)A~q]l—~p
T T F F T F T
T F F T F F T
F T T F T F T
F F T T T T T

All the entries in the last column of the above truth table are T.
~[(p — q) A~ q] — ~ pis a tautology.

Exercise 1.2 | Q 3.06 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

Peg)A(p—~0)

Solution:
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p q ~(q p<q p—~q Peg)A(p—~0q)
T T F T F F
T F T F T F
F T F F T F
F F T T T T

The entries in the last column of the above truth table are neither all T nor all F.
~(p<q)A(p— ~Qq)is acontingency.

Exercise 1.2 | Q 3.07 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

~(~qAp)AQ
Solution:
p q ~(q ~qAp ~(~gqADp) ~(~qAp)AQ
T T F F T T
T F T T F F
F T F F T T
F F T F T F

The entries in the last column of the above truth table are neither all T nor all F.
~ ~ (~QqAPp)AQqisacontingency.
Exercise 1.2 | Q 3.08 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(PA~Qq)e(p—Q)

Solution:
p q ~q PA~( p—q (PA~q)e(p—Qq)
T T F F T F
T F T T F F
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F T F F T F

F F T F T F

All the entries in the last column of the above truth table are F.
~(pA~q) < (p— q)is acontradiction.
[Note: Answer in the textbook is incorrect]

Exercise 1.2 | Q 3.09 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(~p—q)A(pAT)
Solution:

P

(~p—=a)A(pAT)

o
-
l
o

~P—q

©
>

IS TG T T R e
|| A A T A
I TS TR T
—| 4| 4| 4| | | ™
| | A A A 4] 4] A
m| T T m| m| 4| 1| -
m| T M m| 4] T -

The entries in the last column of the above truth table are neither all T nor all F.
~(~p—q)A(pAr)isacontingency.

Exercise 1.2 | Q 3.1 | Page 13

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

P—=(~qvn]e ~[p—(Q—r)

Solution:
plg|lr|~q|~qv|p—=>(~qVv |g— |p—=>@—>| ~p—>@— |[P—=(~qVr)]
r r r r n] <p—(@—
N]
T|T | T F T T T T F F
T|T|F| F F F F F T F
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mmm|m|—|-
mm|d|d|m|m
T|—|T |||
|| |||
||| ||
|| |||
||| ||
|| |||
mmim{mim|m
mmimimim|m

All the entries in the last column of the above truth table are F.
~[p—(~qVr)] < ~[p— (q— r)]is a contradiction.

EXERCISE 1.3 [PAGES 17 - 18]

Exercise 1.3 | Q 1.1 | Page 17
IfA={3,5,7,9, 11, 12}, determine the truth value of the following.
I3xeAsuchthatx—-8=1

Solution: Clearly x = 9 € A satisfies x — 8 = 1. So the given statement is true, hence its
truth value is T.

Exercise 1.3 | Q 1.2 | Page 17
IfA={3,5,7,9, 11, 12}, determine the truth value of the following.

vV X € A, X2 + X is an even number

Solution: For each x € A, x?+ x is an even number. So the given statement is true,
hence its truth value is T.

Exercise 1.3 | Q 1.3 | Page 17
IfA={3,5,7,9, 11, 12}, determine the truth value of the following.

I x e Asuchthatx?<0

Solution: There is no x € A which satisfies x2 < 0. So the given statement is false,

hence its truth value is F.

Exercise 1.3 | Q 1.4 | Page 17
IfA={3,5,7,9, 11, 12}, determine the truth value of the following.

¥ X € A, X is an even number

Solution: x=3 €A, x=5€eA, x=7€A, x=9€A, x=11 € Ado not satisfy x is an

even number. So the given statement is false, hence its truth value is F.

Exercise 1.3 | Q 1.5 | Page 17
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IfA={3,5,7,9, 11, 12}, determine the truth value of the following.

3 x € Asuch that3x + 8> 40

Solution: Clearly x =11 € A and x = 12 € A satisfies 3x + 8 > 40. So the given

statement is true, hence its truth value is T.

Exercise 1.3 | Q 1.6 | Page 17

IfA={3,5,7,9, 11, 12}, determine the truth value of the following.

VXEA 2X+9>14

NELCITY
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Solution: For each x € A, 2x + 9 > 14. So the given statement is true, hence its truth

value is T.

Exercise 1.3 | Q 2.01 | Page 17

Write the dual of the following.

pv(aAr)

Solution: The dual of the given statement pattern is:
pA(@VT)

Exercise 1.3 | Q 2.02 | Page 17

Write the dual of the following.

PA(@AT)

Solution: The dual of the given statement pattern is:
pv(qvr)

Exercise 1.3 | Q 2.03 | Page 17

Write the dual of the following.

(Pva)A(rvs)

Solution: The dual of the given statement pattern is:
(PAQ)V(rAS)

Exercise 1.3 | Q 2.04 | Page 17

Write the dual of the following.

pPA~(Q
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Solution: The dual of the given statement pattern is:
pv~q

Exercise 1.3 | Q 2.05 | Page 17

Write the dual of the following.

(~pVa)A(~TAS)

Solution: The dual of the given statement pattern is:
(~pAQ)V(~rvs)

Exercise 1.3 | Q 2.06 | Page 17

Write the dual of the following.
~pA(~qA(PVa)A~T)

Solution: The dual of the given statement pattern is:
~pVv(~qVv(PAQV~r)

Exercise 1.3 | Q 2.07 | Page 17

Write the dual of the following.
[~PVaAIAlpV~(QA~s)

Solution: The dual of the given statement pattern is:
[~(PAAIVIPA~(QV~S)]

Exercise 1.3 | Q 2.08 | Page 17

Write the dual of the following.

cvipa(Qvn}

Solution: The dual of the given statement pattern is:
tA{pv(aAn}

Exercise 1.3 | Q 2.09 | Page 17

Write the dual of the following.

~pV(QATI)AL

Solution: The dual of the given statement pattern is:
~pA(QVvrve

%@Ci TY
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Exercise 1.3 | Q 2.1 | Page 17
Write the dual of the following.

(Pva)ve

Solution: The dual of the given statement pattern is:
(PAQ)At

Exercise 1.3 | Q 3.1 | Page 18

Write the negation of the following.
Xx+8>1lory—-3=6
Solution: Letp: x+8>11,
qy-3=6
Then the symbolic form of the given statement is pvq.

Since ~ (pv g) =~ p A ~ q, the negation of the given statement is:

x+8*11andy- 3 #6.
OR
x+8<11andy-3#6.

Exercise 1.3 | Q 3.2 | Page 18

Write the negation of the following.
11 <15and 25> 20

Solution: Let p: 11 < 15,
g: 25> 20
Then the symbolic form of the given statement is pAQ.

Since ~ (p A Q) =~ p V q, the negation of the given statement is:

11=150r25<20

Exercise 1.3 | Q 3.3 | Page 18
Write the negation of the following.

Quadrilateral is a square if and only if it is a rhombus.

Solution: Let p: Quadrilateral is a square.
g: It is a rhombus.
Then the symbolic form of the given statement is p<q.
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Since~(p<—q)=(pA~Qq)V(gA~ p), the negation of the given statement is:
Quadrilateral is a square but it is not a rhombus or quadrilateral is a rhombus but it is
not a square.

Exercise 1.3 | Q 3.4 | Page 18
Write the negation of the following.

It is cold and raining.

Solution: Let p: Itis cold.
g: It is raining.
Then the symbolic form of the given statement is pAq.
Since ~ (p A Q) = ~ p V q, the negation of the given statement is:
It is not cold or not raining.

Exercise 1.3 | Q 3.5 | Page 18
Write the negation of the following.

If it is raining then we will go and play football.

Solution: Let p: It is raining.

g: We will go.

r: We play football.
Then the symbolic form of the given statementis p — (q A T).
Since~[p—(QANEpA~(QAr)=pA(~qV ~r), the negation of the given
statement is:

It is raining and we will not go or not play football.
Exercise 1.3 | Q 3.6 | Page 18

Write the negation of the following.
\2 is a rational number.
Solution: The negation of the given statement is:

V2 is not a rational number.

Exercise 1.3 | Q 3.7 | Page 18

Write the negation of the following.
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All-natural numbers are whole numbers.

Solution: The negation of the given statement is:
Some natural numbers are not whole numbers.
Exercise 1.3 | Q 3.8 | Page 18

Write the negation of the following.

v n €N, n?+n+ 2is divisible by 4.

Solution: The negation of the given statement is:
3 n € N, such that n? + n + 2 is not divisible by 4.

Exercise 1.3 | Q 3.9 | Page 18
Write the negation of the following.
3 x e Nsuchthatx—-17 <20

Solution: The negation of the given statement is:
VXeEN,x-17=220

Exercise 1.3 | Q 4.1 | Page 18

Write converse, inverse and contrapositive of the following statement.

If x <ythen x?<y?(x,y € R)

Solution: Let p: x <Y,
q: X? <y?
Then the symbolic form of the given statement is p — q.
Converse: q — p is the converse of p — Q.
i.e. If x2<y? thenx<y.
Inverse: ~p — ~ qis the inverse of p — q.
i.e. Ifx2y, then x2 2y
OR
If X <y, then x? « y2.
Contrapositive: ~ q — p is the contrapositive of p — q
i.e. Ifx2=y? thenx2y.
OR
If x2 <« y?, then x < y.
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Exercise 1.3 | Q 4.2 | Page 18
Write converse, inverse and contrapositive of the following statement.

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

Solution: Let p: The woman in the family is literate.
g: A family becomes literate.
Then the symbolic form of the given statement is p — q.
Converse: q — p is the converse of p — q.
i.e. If a family becomes literate, then the woman in it is literate.
Inverse: ~ p — ~ g is the inverse of p — q.
i.e. If the woman in the family is not literate, then the family does not become literate.
Contrapositive: ~ q — ~ p is the contrapositive of p — q.

i.e. If a family does not become literate, then the woman in it is not literate.

Exercise 1.3 | Q 4.3 | Page 18
Write converse, inverse and contrapositive of the following statement.

If surface area decreases then pressure increases.

Solution: Let p: The surface area decreases.
g: The pressure increases.
Then the symbolic form of the given statement is p — q.
Converse: q — p is the converse of p — q.
i.e. If the pressure increases, then the surface area decreases.
Inverse: ~ p — ~ qis the inverse of p — q.
i.e. If the surface area does not decrease, then the pressure does not increase.
Contrapositive: ~ q — ~ p is the contrapositive of p — q.
i.e. If the pressure does not increase, then the surface area does not decrease.

Exercise 1.3 | Q 4.4 | Page 18
Write converse, inverse and contrapositive of the following statement.

If voltage increases then current decreases.

Solution: Let p: Voltage increases.
g: Current decreases.
Then the symbolic form of the given statement is p — q.
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Converse: q — p is the converse of p — q.

i.e. If current decreases, then voltage increases. Inverse: ~ p — ~ q is the inverse of p
— (.

i.e. If voltage does not increase, then-current does not decrease.

Contrapositive: ~ q — p, is the contrapositive of p — q.

i.e. If current does not decrease, then voltage does not increase.

EXERCISE 1.4 [PAGE 21]

Exercise 1.4 | Q1.1 | Page 21

Using the rule of negation write the negation of the following with justification.
~q—p

Solution: The negation ofis ~q — pis

~(~q—p)=~QqgA~p...(Negation of implication)

Exercise 1.4 | Q1.2 | Page 21

Using the rule of negation write the negation of the following with justification.
PA~Q

Solution: The negation of p A ~qis

~PA~Q)=E~pV~(~Q)..cccn.. (Negation of conjunction)
E~PVQ.nnns (Negation of negation)

Exercise 1.4 | Q 1.3 | Page 21

Using the rule of negation write the negation of the following with justification.
pv~q

Solution: The negation ofpVv ~ qis

~PV~Q)E~pPA~(~Q) e (Negation of disjunction)

E~PAQ .. (Negation of negation)

Exercise 1.4 | Q 1.4 | Page 21

Using the rule of negation write the negation of the following with justification.

(pv~aq)Ar
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Solution: The negationof (p vV~ Q) Aris

~[PpV~gQAr=(PV~qQV~r.... (Negation of conjunction)
E[~pA~(~Q]V~r.... (Negation of disjunction) = (~pAQ)V ~ T .cuee.... (Negation of
negation)

Exercise 1.4 | Q1.5 | Page 21

Using the rule of negation write the negation of the following with justification.
p—(pVv~a)

Solution: The negationof p — (pVv ~ Q) is
~p—=PEV~Ql=EpA~(PV~Q)..... (Negation of implication)
EpA[~pA~(~Qq)].....(Negation of disjunction)

EPA(PAQ) s (Negation of negation)

Exercise 1.4 | Q 1.6 | Page 21

Using the rule of negation write the negation of the following with justification.
~(PAQV(pV~a)

Solution: The negationof ~(pAQ)V(pV ~Q)is

~[~PAQQVPV~QPIE~[~PEADIA~PV~Q) .cceennn... (Negation of disjunction)
E~[~PEADIA[~pA~(~OQ)].ccnen... (Negation of disjunction)
SEPAQDQA(PAQ) e (Negation of negation)

Exercise 1.4 | Q 1.7 | Page 21
Using the rule of negation write the negation of the following with justification.
(pV~aq)—(pA~Qq)

Solution: The negationof (pvV~q) — (pA~Q)is

~[pVv~q)=>PA~QNEPEV~PA~PA~Q) .ccoennne (Negation of implication)
SEPV~QPA[~pV~(~qQ].ceerrernn. (Negation of conjunction)
E(pVv~qQA(~pVQ) ... (Negation of negation)

Exercise 1.4 | Q 1.8 | Page 21
Using the rule of negation write the negation of the following with justification.

(~pv~q)Vv(pAr~Q)
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Solution: The negationof (~pVv~q)V(pA~Q)is
~[(~pV~qQVPEPA~QIE~(~PV~PA~PA~Q) cceerrrrrrnns (Negation of
disjunction)

E[~~pP)A~(~Q]A[~pV ~(~7q)]...(Negation of disjunction and conjunction)
SEPAQPQA(~PVQ) e (Negation of negation)

Exercise 1.4 | Q 2.1 | Page 21

Rewrite the following statement without using if ...... then.

If a man is a judge then he is honest.

Solution: Since p — q = ~ p Vv q, the given statement can be written as:
A man is not a judge or he is honest.

Exercise 1.4 | Q 2.2 | Page 21

Rewrite the following statement without using if ...... then.

It 2 is a rational number then V2 is irrational number.
Solution:

Since p — q = ~ p V q, the given statement can be written as:
2 is not a rational number or V2 is irrational number.

Exercise 1.4 | Q 2.3 | Page 21
Rewrite the following statement without using if ...... then.
It f(2) = 0 then f(x) is divisible by (x — 2).

Solution: Since p — q = ~ p V q, the given statement can be written as:
f(2) # 0 or f(x) is divisible by (x — 2).

Exercise 1.4 | Q 3.1 | Page 21

Without using the truth table show thatP - q=(pAq)Vv(~pA~Q)
Solution: LH.S=p < q

SEP-oaA@—P) ... (Biconditional Law)

S(~pVvagA(~qQVp) ... (Conditional Law)
S[~pA(~qVvp)lVvIgAa(~qVp)]...(Distributive Law)
E[(~pA~qQlVv(~pAplVvI@A~aV(@Ap)]...... (Distributive Law)
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SE[(~pA~qQVFVIFV(QAP)] . (Complement Law)

S(~pA~qQVQAD)....... (Identity Law)
S(~pA~qQVPAQ) ... (Commutative Law)
SPAQV((~PA~Q)........ (Commutative Law)
=R.H.S.

Exercise 1.4 | Q 3.2 | Page 21
Without using truth table prove that:
(Pva)A(pv~aq)=p

Solution: LH.S.=(pvg)A(pV ~Q)
EpV(QA~Q) .. (Distributive Law)
EpVF..... (Complement Law)

ZEP s (Identity Law)

Exercise 1.4 | Q 3.3 | Page 21

Without using truth table prove that:
(PAQV(~pAgV(pA~a)=EpVQ

Solution: LH.S.=(pAg)V(~pAq)V(PA~Q)
S[(pVv~p)AqIV(PA~Q) ... (Distributive Law)
S(TAQVPA~Q) .. (Complement Law)
SqVPA~Q) ... (Identity Law)
S(QVP)A@V~Q)...... (Distributive Law)
S(QVP)AT.......... (Complement Law)

SQVP e (Identity Law)

=EpVv(..... (Commutative Law)

Exercise 1.4 | Q 3.4 | Page 21
Without using truth table prove that:

NELCITY

JEE-NEET COACHING

velocity coaching classes, chandrapur



cracknta.com /\Zi@cn'y

JEE-NEET COACHING

~[pv~ad—=>PA~qI=(PEV~aA(~pVa)
Solution: LH.S.=~[(pVv~q)— (pA~ Q)

Ppv~qg)—>(PA~Q)..... (Negation of implication)

PV~ A[~pV~(~Qq).... (Negation of conjunction)

PV~A(~pVvQ).... (Negation of negation)
=R.H.S.
EXERCISE 1.5 [PAGES 29 - 30]

Exercise 1.5| Q 1.1 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.

Solution: Let p: the switch Sz is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ss is open
I: the lamp L is on

The symbolic form of the given circuit is:

pv(aar)=l
| is generally dropped and it can be expressed as:
pv(@Ar)
Input-Output Table
r gAT pVv(qATr)
1 1
1 1 0 1
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Exercise 1.5|Q 1.2 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.

ot e o
| 5 d
o
g 5
: 1
il il (---HI. -
1] (L)

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ss is open
I: the lamp L is on

The symbolic form of the given circuit is:
(~pAQ)V(pA~aq)
Input-Output Table

P9 ]| ~p ~q ~pAqQ PA~Q (~pAQ)V(pPA~Q)
1)1 0 0 0 0 0
110 0 1 0 1 1
01 1 0 1 0 1
00 1 1 0 0 0

Exercise 1.5| Q 1.3 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.
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Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ssis open
I: the lamp L is on

The symbolic form of the given circuit is:
PA(~qVvDIV(~qA~T)

Input-Output Table

NELCITY
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©
O
=
4

~r ~qVr

PA(~QqVr)

8
o)
>
l

-

[PA(~qvr)]
V (~gA~T)

OO0 ||k
olo|r|rk|lo|lo|k|k
RRoRkRk ok

OO0 O|kR|FIO|F

llellellell Jlelle]le]

R|IOO|O|FR|FL|O|F

Exercise 1.5| Q 1.4 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.
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Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Sz is open
I: the lamp L is on

The symbolic form of the given circuit is:
(PVO)AQA(TV~ p)

Input-Output Table

NELCITY
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p q r ~p pvq rv~p | (PVAAJA(rV~p)
1 1 0 1 1 1
1 1 0 1 0 0
1 0 0 1 1 0
1 0 0 1 0 0
0 1 1 1 1 1
0 1 1 1 1 1
0 0 1 0 1 0
0 0 1 0 1 0

[Note: Answer in the textbook is incorrect.]

Exercise 1.5| Q 1.5 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.
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Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch S1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ss is open

I: the lamp L is on

The symbolic form of the given circuit is:

NELCITY
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[pV(~pA~Q)]V(pAQ)
Input-Output Table
p q ~p ~q | ~pA~q | pV(~pA~0) | pPAG | [pV(~pA~T)]V(pAQ)
1 1 0 0 0 1 1 1
1 0 0 1 0 1 0 1
0 1 1 0 0 0 0 0
0 0 1 1 1 1 0 1

Exercise 1.5| Q 1.6 | Page 29

Express the following circuit in the symbolic form of logic and writ the input-output table.

S, IS 1,
’ = e -~
r_ il S o
5

5

Solution: Let p: the switch S1 is closed

g: the switch Sz is closed
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r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ q: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ss is open
I: the lamp L is on

The symbolic form of the given circuit is:
(pva)a(@vnA(rvp)

Input-Output Table

NELCITY
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pvq qvr

_,
o

(PVAAQVNA(rvp)

1 1

1

olo|o|o|r|r|k|IrT
o|lo|r|r|olo|r|rla
olR|o|r|o|r|o|r|=
OloR|IR|RIRF
OlR R R ORIk
Olr|OR|IrRIkRIRIFIS

OO0 0O|IFR IOk

Exercise 1.5| Q 2.1 | Page 30

Construct the switching circuit of the following:

(~pA@V(PA~T)

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Ss is closed
~ p: the switch S1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch S3 is open.

Then the switching circuit corresponding to the given statement pattern is:

"'f.. -"'Ir.i. =
S 8.
T
* 3, S5
L I. '::_LF_} &

Exercise 1.5|Q 2.2 | Page 30
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Construct the switching circuit of the following:

(PAQ)VI~pA(~qVpVr)

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch S1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch S3 is open.

Then the switching circuit corresponding to the given statement pattern is:

/
5 5,
" —
s 5]
L5
Ay
il (1 ——

Exercise 1.5| Q 2.3 | Page 30

Construct the switching circuit of the following:

PANV(~qA~D]A(~pA~T)

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Sz is open.

Then the switching circuit corresponding to the given statement pattern is:

2 PURY o B

5 5, - = e
S I
5 1y
s (L)
1 \L/

Exercise 1.5| Q 2.4 | Page 30
Construct the switching circuit of the following:
PA~gANVIPA(~qV~T1)]

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
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r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ q: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch S3 is open.

Then the switching circuit corresponding to the given statement pattern is:

~ o

S

.-'+ |
| s Ji
ci "'-I-fl——-
g

"

S

Exercise 1.5| Q 2.5 | Page 30

Construct the switching circuit of the following:

pv(~p)Vv(~q)Vv(pAa)

Solution: Let p: the switch Sz is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch S1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch S3 is open.

Then the switching circuit corresponding to the given statement pattern is:

-

/,» "
r s /" -SI
g %=
o 5

Exercise 1.5| Q 2.6 | Page 30
Construct the switching circuit of the following:
PAA)V(~p)V(PA~Q)

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
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~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch S3 is open.

Then the switching circuit corresponding to the given statement pattern is:

s -
g
- G2
f————— s
e 5!
_-_'__.-f //” b4
5 s
¢ I R |
il ®

Exercise 1.5| Q 3.1 | Page 30

Give an alternative equivalent simple circuit for the following circuit:

=3 S/
S, /
1 S.
(1)
&

Solution: Let p: the switch S1 is closed

g: the switch Sz is closed
~ p: the switch S1'is closed or the switch Siis open
Then the symbolic form of the given circuit is
pA(~pVa).
Using the laws of logic, we have,
pA(~pVva)
EPA~P)VPAQ) ... (By Distributive Law)
SEFVPAQ) .o (By Complement Law)
SPAQ ... (By Identity Law)
Hence, the alternative equivalent simple circuit is:

S
5, 5,

o
\L/
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Exercise 1.5| Q 3.2 | Page 30

Give an alternative equivalent simple circuit for the following circuit:

—)-/ S:
[ _—

S L e o |

A
7
Sy S, S,

Solution: Let p: the switch Sz is closed

g: the switch Sz is closed
r: the switch Ss is closed
~ (: the switch S2' is closed or the switch Szis open
~ r: the switch S3' is closed or the switch Sz is open.
Then the symbolic form of the given circuit is:
[PA@VD]V(~rA~qAp)
Using the laws of logic, we have
[PA@VO]IV(~rA~QqAp)
SElpA@QVlV[~(VgAP]..... (By De Morgan’s Law)
SElpAa(@QVvlvpA~(@QVID)].... (By Commutative Law)
EpAfQvrv~(@QVvn]....... (By Distributive Law)
EPAT . (By Complement Law)
Ep ... (By Identity Law)
Hence, the alternative equivalent simple circuit is

-+

|I_ L

Exercise 1.5| Q4.1 | Page 30
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find the symbolic fom of the following switching circuit, construct its switching table and
interpret it.

i S

Solution: Let

p: The switch Si is closed,
g: The switch Sz is closed.

Switching circuit is (pv~q)v(~pAQ)
The switching table

p q ~p ~q pv~q ~pAq (Pv=q)V(~pAQ)
1 1 0 0 1 0 1
1 0 0 1 1 0 1
0 1 1 0 0 1 1
0 0 1 1 1 0 1

From the last column of switching table we conclude that the current will always
flow through the circuit.

Exercise 1.5|Q 4.2 | Page 30

Write the symbolic form of the following switching circuit construct its switching table
and interpret it.

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed

~ p: the switch Si1‘is closed or the switch S1 is open.
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~ (: the switch S2' is closed or the switch Sz is open.
Then the symbolic form of the given circuit is:

PV(~pA~Q)V(pAQ)

Switching Table

p q ~p ~q ~pA~q PAG | pV(~pA~Q)V(PAQ)
1 1 0 0 0 1 1
1 0 0 1 0 0 1
0 1 1 0 0 0 0
0 0 1 1 1 0 1

Since the final column contains ‘0’ when p is 0 and q is ‘1’, otherwise it contains ‘1’.
Hence, the lamp will not glow when Siis OFF and Sz is ON, otherwise, the lamp will
glow.

Exercise 1.5| Q 4.3 | Page 30

Write the symbolic form of the following switching circuit construct its switching table
and interpret it.

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Ss is closed
~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3' is closed or the switch Ss is open
Then the symbolic form of the given circuit is:

PV(~a)V(~nNlApV(QAT)]
Switching Table

p q r ~q ~r pv(~q)Vv(~r) | gAr | pv(gAar) | Final
column
Q) (1) (A
(1
1 1 1 0 0 1 1 1 1
1 1 0 0 1 1 0 1 1
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1 0 1 1 0 1 0 1 1
1 0 0 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

From the switching table, the ‘final column’ and the column of p are identical. Hence, the
lamp will glow which Sz1is ‘ON’.

Exercise 1.5| Q5.1 | Page 30

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

pv(@A~aq)

Solution: Using the laws of logic, we have,

pv(aA~aq)

EpVF.... (By Complement Law)

= o JUUUUI (By Identity Law)

Hence, the simple logical expression of the given expression is p.
Let p: the switch S1 is closed

Then the corresponding switching circuit is:

Exercise 1.5| Q5.2 | Page 30

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

(~pAQV(~pA~q)V(pPA~Q)
Solution: Using the laws of logic, we have,

(~pAQV(~pA~QV(pA~aQ)
=E[~PA@QV~Q]V(PA~Q)..... (By Distributive Law)

(~pAT)V(PA~Q)...... (By Complement Law)

~pVPA~Q) ... (By ldentity Law)

(~pVPIA(~PA~Q) ... (By Distributive Law)
ETA(~PA~Q) e (By Complement Law)
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E~pPV~Qan.. (By Identity Law)
Hence, the simple logical expression of the given expressionis ~ p v ~ q.
Let p: the switch S1 is closed
g: the switch Sz is closed
~ p: the switch Si1'is closed or the switch S1 is open
~ (: the switch S2' is closed or the switch Sz is open.
Then the corresponding switching circuit is:

o

5,

-

Y

i 0
1 \L)

Exercise 1.5| Q 5.3 | Page 30

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

PV(~a)V(~nNIA[pV(qAn]

Solution: Using the laws of logic, we have,
[PVv(~aVv(~nNlIAlpv(gAan]
Elpv{~@ADN}AlpVv(gAr)].... (By De Morgan’s Law)
EpV[~(@ANA@QAD]......... (By Distributive Law)

ZEpVF.... (By Complement Law)

= o JUUUUORI (By Identity Law)

Hence, the simple logical expression of the given expression is p.
Let p: the switch Si is closed

Then the corresponding switching circuit is:

Exercise 1.5| Q 5.4 | Page 30
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Obtain the simple logical expression of the following. Draw the corresponding switching
circuit.

(PAGA~P)V(~PAQANV(PAQAT)
Solution: Using the laws of logic, we have,

(PAQA~P)V(~PAQAT)V(PAQAT)
S(PA~ PAQV(~PAGANV(PAQAT)....... (By Commutative Law)

SEFAQV~PAGQANV(PAQAT e, (By Complement Law)
EFV(~pAQANV(PAQATN ... (By Identity Law)
S(~pAQANV(PAQATD........ (By Identity Law)

S(~pVP)A(QAT)...... (By Distributive Law)
=T A(QAT) ... (By Complement Law)
SQAT . (By ldentity Law)
Hence, the simple logical expression of the given expressionis q A r.
Let g: the switch Sz is closed
r: the switch Sz is closed.
Then the corresponding switching circuit is:

e
s, S,

+| = 7
L L)

MISCELLANEOUS EXERCISE 1 [PAGES 32 - 35]
Miscellaneous Exercise 1 | Q 1.1 | Page 32

Select and write the correct answer from the given alternative of the following question:
If p Aqisfalse and p v qis true, then IS not true.

pvq

Pp—dq

~pVvV~q

qv-~p

Solution: If p A qis false and p v q is true, then p < q is not true.

Miscellaneous Exercise 1| Q 1.2 | Page 32
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Select and write the correct answer from the given alternative of the following question:

(p A q) — ris logically equivalent to

p—(q—r)

(PAQ)— ~r

(~pV ~q)—~r

(pva)—r

Solution: (p A q) — ris logically equivalentto p — (q — ).

Miscellaneous Exercise 1 | Q 1.3 | Page 32

Select and write the correct answer from the given alternative of the following question:

Inverse of statement pattern (pv q) — (p A Q) is

(pAQ)— (PVQ)

~(PVvag)—(pAq)

(~p A~q) — (~p V ~0)

(~pV ~q)— (~p A ~q)

Solution: Inverse of statement pattern (p v q) — (p A Q) is (~p A ~q) — (~p V ~0Q).
Miscellaneous Exercise 1| Q 1.4 | Page 32

Select and write the correct answer from the given alternative of the following question:

IfpAqgisF, p— qis F then the truth values of p and q are

T, T
T, F
FT
F,F
Solution: IfpAqgisF, p— qisF then the truth values of pand qare T, F.

Miscellaneous Exercise 1 | Q 1.5 | Page 32
Select and write the correct answer from the given alternative of the following question:

The negation of inverse of ~p — q is

1. qAp
2. ~pA~(Q
3. pAQ
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~q—~p
Solution: The negation of inverse of ~p — qis q A p.

Miscellaneous Exercise 1 | Q 1.6 | Page 32

Select and write the correct answer from the given alternative of the following question:
The negationof p A (q — 1) is

~p A (~q— ~r)

pVvV(~qVvr)

~pA(~q— ~T)

~pV (~qA~r)

Solution: VX €E€A,x+629

Miscellaneous Exercise 1 | Q 1.7 | Page 32
Select and write the correct answer from the given alternative of the following question:
If A={1, 2, 3, 4, 5} then which of the following is not true?

IxeAsuchthatx+3=8
Ix€eAsuchthatx+2<9
VXEA xX+629

3x € Asuchthatx +6 <10
Solution: VX€EA, x+6=29

Miscellaneous Exercise 1 | Q 2.1 | Page 33

Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

4] = 24,
Solution: It is a statement which is true, hence its truth value is ‘T’.

Miscellaneous Exercise 1| Q 2.2 | Page 33

Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

1T is an irrational number.
Solution: ltis a statement which is true, hence its truth value is ‘T’.

Miscellaneous Exercise 1 | Q 2.3 | Page 33
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Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

India is a country and Himalayas is a river.
Solution: It is a statement which is false, hence its truth value is ‘F’. ........... [TAF=F]

Miscellaneous Exercise 1 | Q 2.4 | Page 33

Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

Please get me a glass of water.
Solution: It is an imperative sentence, hence it is not a statement.

Miscellaneous Exercise 1 | Q 2.5 | Page 33

Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

c0s20 — sin?0 = cos26 for all BeR.
Solution: It is a statement which is true, hence its truth value is ‘T’.

Miscellaneous Exercise 1| Q 2.6 | Page 33

Which of the following sentence is the statement in logic? Justify. Write down the truth
value of the statement:

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

Solution: It is a statement which is false, hence its truth value is ‘F’.
[Note: Answer in the textbook is incorrect.]

Miscellaneous Exercise 1| Q 3.1 | Page 33

Write the truth value of the following statement:
\5 is an irrational but 3V5 is a complex number.
Solution: Let p: 5 is an irrational.

g: 35 is a complex number.
Then the symbolic form of the given statement is pAqQ.
The truth values of p and g are T and F respectively.
~ The truth value of pAqis F. ........... [TAF = F]

[Note: Answer in the textbook is incorrect.]
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Miscellaneous Exercise 1| Q 3.2 | Page 33
Write the truth value of the following statement:

v n € N, n2 + n is even number while n2 — n is an odd number.

Solution: Letp: Vv n € N, n? + nis an even number.
g: vV n €N, n? - nis an odd number.
Then the symbolic form of the given statement is pAq.
The truth values of p and g are T and F respectively. . The truth value of pAq is F.
.......... [TAF = F].

Miscellaneous Exercise 1 | Q 3.3 | Page 33
Write the truth value of the following statement:
3 n € N such thatn + 5 > 10.

Solution: 3 n € N, such thatn +5 > 10 is a true statement, hence its truth value is T.
(Alln = 6, where n € N, satisfy n + 5 > 10).

Miscellaneous Exercise 1 | Q 3.4 | Page 33
Write the truth value of the following statement:

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

Solution: Let p: The square of any even number is odd.
g: The cube of any odd number is odd.

Then the symbolic form of the given statement is pvq.

The truth values of p and q are F and T respectively.

=~ The truth value of pvqis T. ........ [FVT =T]

Miscellaneous Exercise 1| Q 3.5 | Page 33
Write the truth value of the following statement:

In AABC if all sides are equal then its all angles are equal.

Solution: Let p: ABC is a triangle and all its sides are equal.
g: It's all angles are equal.

Then the symbolic form of the given statement is p—q.

If the truth value of p is T, then the truth value of q is T.

= The truth value of p—qis T ........ [T->T=T].
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Miscellaneous Exercise 1 | Q 3.6 | Page 33
Write the truth value of the following statement:

VneN, n+6>8.

Solution: ¥ n € N, n + 6 > 8 is a false statement, hence its truth value is F.
(n=1€N,n=2¢€ Ndonot satisfy n + 6 > 8).

Miscellaneous Exercise 1 | Q 4.1 | Page 33
IfA={1,2,3,4,5,6,7, 8, 9}, determine the truth value of the following statement:
3 x € Asuchthatx + 8 =15

Solution: Clearly x = 7 € A satisfies x + 8 = 15. So the given statement is true, hence its

truth value is T.

Miscellaneous Exercise 1 | Q 4.2 | Page 33
IfA={1,2,3,4,5,6,7, 8, 9}, determine the truth value of the following statement:
VXEA X+5<12.

Solution: There is no x € A which satisfies x + 5 < 12. So the given statement is false,

hence its truth value is F.

Miscellaneous Exercise 1 | Q 4.3 | Page 33
IfA={1,2,3,4,5,6,7, 8, 9}, determine the truth value of the following statement:
Ix €A, suchthatx +7 = 11.

Solution: Clearly x =1 € A, x =2 € Aand x = 3 € A satisfies x + 7 2 11. So the given

statement is true, hence its truth value is T.

Miscellaneous Exercise 1 | Q 4.4 | Page 33
IfA={1,2,3,4,5,6, 7,8, 9}, determine the truth value of the following statement:
V X €A, 3x<25.

Solution: x =9 € A does not satisfy 3x < 25 So the given statement is false, hence its

truth value is F.

Miscellaneous Exercise 1 | Q 5.1 | Page 33

Write the negation of the following:
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VhneA n+7>86.

Solution: The negation of the given statement is:
IneA, suchthatn+7<6.

OR

Ine€A, suchthatn+ 7% 6.

Miscellaneous Exercise 1| Q 5.2 | Page 33
Write the negation of the following:
3 x € A, suchthatx + 9 < 15.

Solution: The negation of the given statement is:
VXEA Xx+9>15.

Miscellaneous Exercise 1 | Q 5.3 | Page 33
Write the negation of the following:

Some triangles are equilateral triangle.

Solution: The negation of the given statement is:
All triangles are not equilateral triangles.

Miscellaneous Exercise 1| Q 6.1 | Page 33

Construct the truth table of the following:

%@Ci TY
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p—(q—0p)
Solution:
p q q—p p—(Q—0p)
T T T T
T F T T
F T F T
F F T T

Miscellaneous Exercise 1 | Q 6.2 | Page 33

Construct the truth table of the following:
(~p Vv ~q) < [~(p A Q)]

Solution:
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P | 9 |~ | ~q | ~pV~q | pAQ | ~(pAQ) (~p VvV ~q) < [~ (pAQ)]
T T F F F T F T
T F F T T F T T
F T T F T F T T
F F T T T F T T
Miscellaneous Exercise 1 | Q 6.3 | Page 33
Construct the truth table of the following:
~(~pA~Q)VQ
Solution:
p q ~p ~q ~pA~q ~ (~P A ~0q) ~(~pA~Q)Vq
T T F F F T T
T F F T F T T
F T T F F T T
F F T T T F F

[Note: Answer in the textbook is incorrect.]

Miscellaneous Exercise 1 | Q 6.4 | Page 33

Construct the truth table of the following:

[(PAQ)VITA[~rV (pAQ)]

Solution:
Pl a|r|pAg| (PAg) VT | ~r | ~rV(pAq) [(PAQ) V IT A [~1 V (pAQ)]
T|T|T T T F T T
T|T|F 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|T|F F F T T F
FIF|T F T F F F
F|F|F F F T T F
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Miscellaneous Exercise 1 | Q 6.5 | Page 33

Construct the truth table of the following:

[(~pva)A(@—n]—(p—T)

Solution:
Pl a|r|~p|~pva |qg—or| (~pva)A(g—r) | p—r | [(~pva) A (g—r)] —
(p—r)
T|T|T|F T T T T T
T|T|F|F T F F F T
TIF|T|F F T F T T
T|F|F|F F T F F T
FIT|T|T T T T T T
FIT|F|T T F F T T
FIF|T|T T T T T T
FIF|F|T T T T T T

Miscellaneous Exercise 1| Q 7.1 | Page 33

Examine whether the following statement pattern is a tautology or a contradiction or a
contingency.

(p—=a)A~ql—~p

Solution:
p q ~p ~q p—>q |(p—>a)A~d| [(p—qA~q—>~p
T T F F T F T
T | F F T F F T
F T T F T F T
F F T T T T T

All the entries in the last column of the above truth table are T.
~[(p — q) A~ q] — ~ pis a tautology.

Miscellaneous Exercise 1 | Q 7.2 | Page 33
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Determine whether the following statement pattern is a tautology, contradiction, or
contingency:

[(pVva)A~plA~q

Solution:
p q ~p ~q pvq (pva) A ~p [(Pva) A ~p] A ~q
T T F F T F F
T F F T T F F
F T T F T T F
F T T T F F F

All the entries in the last column of the above truth table are F.
~ [(pV Q) A~p] A~qis a contradiction.
Miscellaneous Exercise 1 | Q 7.3 | Page 33

Determine whether the following statement pattern is a tautology, contradiction, or
contingency:

(P—a)A(pA~q)

Solution:
P | q ~q p—q pA~q (p—q)A(pA~q)
T | T F T F F
T | F T F T F
F | T F T F F
F | F T T F F

All the entries in the last column of the above truth table are F.
~(p—q)A(p A ~Qq)is a contradiction.

Miscellaneous Exercise 1 | Q 7.4 | Page 33

Determine whether the following statement pattern is a tautology, contradiction or
contingency:

P—@—=nl<lPArg)—1]

velocity coaching classes, chandrapur



cracknta.com

NELCITY

JEE-NEET COACHING

Solution:
P | g | r |ag—-r|p—=>(@—=n|pAg| (pPAg)—r [ [Po(@—n]el(pAag) —r]
T T[T T T T T T
T | T]|F F F T F T
T|IF[T T T F T T
T|F|F T T F T T
F I T|T T T F T T
F |l TI|F F T F T T
FIlF|T T T F T T
F|l|FI|F T T F T T

All the entries in the last column of the above truth table are T.

~[p—=(q—r)]<[(pAQqg)—r]isatautology.

Miscellaneous Exercise 1 | Q 7.5 | Page 33

Determine whether the following statement pattern is a tautology, contradiction or

contingency:

[(PA(Pp—a)]—q

Solution:
p p—q pA(p—Qq) [PA(P—q)—r
T T T T
T F F T
F T F T
F T F T

All the entries in the last column of the above truth table are T.

~[(p A (p — q)] — q is a tautology.

Miscellaneous Exercise 1 | Q 7.6 | Page 33
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Determine whether the following statement pattern is a tautology, contradiction or
contingency:

PAQV(~pAQV(pPV~Q)V(~pA~Q)

Solution:
Pla|~p|~q PAG| ~pAG | PV~q | ~pA~Q (v an v vav)
(1 (I1) (11 (IV)
T T F F T F T F T
T | F F T F F T F T
F| T ] T F F T F F T
FIF | T T F F T T T

All the entries in the last column of the above truth table are T.

~(PAQ)V(~pAQ)V(pV~q)V(~p A ~0q)is atautology.

Miscellaneous Exercise 1| Q 7.7 | Page 33

Determine whether the following statement pattern is a tautology, contradiction or
contingency:

[(pv~a)V(~pAQ)]AT

Solution:
pPla|r|~p|~a| pv~q | ~pAQ (pv~a)Vv(~pAQ) (MAr
0
T|T|T]| F F T F T T
T|T|F| F F T F T F
TIFI|IT| F | T T F T T
TIFIF| F | T T F T F
Fl T[T T F F T T T
FlT[F| T F F T T F
FIF[T|] T | T T F T T
FIF[F| T | T T F T F

The entries in the last column are neither all T nor all F.
~[(pVv~q)V(~pAQ)]Arisacontingency.
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Miscellaneous Exercise 1 | Q 7.8 | Page 33

Determine whether the following statement pattern is a tautology, contradiction or
contingency:

(P—q)Vv(@—p)

Solution:
p q p—q q—p (P—a)Vv(Q—p)
T T T T T
T F F T T
F T T F T
F F T T T

All the entries in the last column of the above truth table are T.
~(p—q)V(q— p)is a tautology.

Miscellaneous Exercise 1| Q 8.1 | Page 34
Determine the truth values of p and g in the following case:

(pvQ)isTand (pAQ)isT

Solution:

m| M| | | ©
M| M| 4|2
M ] <
MM m >

Since p v g and p A q both are T, from the table, the truth values of bothpand q are T.

Miscellaneous Exercise 1| Q 8.2 | Page 34
Determine the truth values of p and q in the following case:

(pvqg)isTand (pvqg)—qisF

Solution:
p q pvq (pva)—q
T T T T
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F F T

Since the truth values of (p v q) is T and (p vV q) — q is F, from the table, the truth
values of p and g are T and F respectively.

Miscellaneous Exercise 1 | Q 8.3 | Page 34
Determine the truth values of p and g in the following case:

(pAQ)isFand(pAqQ)—qisT

Solution:
P g pPAQ (PAg)—q
T T T T
T F F T
F T F T
F F F T

Since the truth values of (p Aq) is Fand (p A q) — qis T, from the table, the truth
values of p and q are either T and F respectively or F and T respectively or both F.

Miscellaneous Exercise 1| Q 9.1 | Page 34

Using the truth table, prove the following logical equivalence :

P—q=(pAQ)V(-pA~0Q)

Solution:
1 2 3 4 5 6 7 8
A B
p q p<q pPAQ ~p ~q ~PA=Q AVB
T T T T F F F T
T F F F F T F F
F T F F T F F F
F F T F T T T T

By column number 3 and 8

P—q=(pAQq)V(-pA-0q)
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Miscellaneous Exercise 1| Q 9.2 | Page 34

Using truth table, prove the following logical equivalence :

(PAQ)—>r=p—(q—r)

Solution:
1 2 3 4 5 6 7
P q r PAQ (PAQ)—r q—r p—(q—r)
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 T F T
F F T F T T T
F F F F T T T

The entries in columns 5 and 7 are identical.
~(PAQ)—=r=p—(q—r)

Miscellaneous Exercise 1 | Q 10.1 | Page 34
Using rules in logic, prove the following:
pPog=~(pPA~aq)V~(QA~p)

Solution: By the rules of negation of biconditional,
~(P<q)=(pA~a)V(AA~p)

“~[pA~a)A(@A~P)=p—q
a~PA~QA~(QA~P)EPpe—q...... (Negation of disjunction)

“peoqE~(PA~qA~@QA~p).
Miscellaneous Exercise 1 | Q 10.2 | Page 34
Using rules in logic, prove the following:
~PAQGE(PVA A~

Solution: (pv g) A ~p

=(pA~p) V(A ~p) .....(Distributive Law)
SFV(QA~P) e (Complement Law)
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SQA~P . (Identity Law)
S~PAQ e (Commutative Law)

~~pAQE(PVQA~p

Miscellaneous Exercise 1 | Q 10.3 | Page 34
Using rules in logic, prove the following:
~(PVvaVv(~pAQq)=~p

Solution: ~(pvQq)Vv(~pAQ)
S(~p A~ V(~PAQ) .cuennnn. (Negation of disjunction)

~pA(~qVQ)...... (Distributive Law)

1
l
o
>
—

............ (Complement Law)
=R o I (Identity Law)

~~PEVvaV(~pAQq)=-~p

Miscellaneous Exercise 1 | Q 11.1 | Page 34

Using the rules in logic, write the negation of the following:
(Pva)A(av~n

Solution: The negationof (pv ) A(QV ~r)is

~[pva)a(av~n)]
~(pVvQq)V ~(qV ~r) ....(Negation of conjunction)

S(~pA~Q)V[~qA~(~D] e (Negation of disjunction
S(~p A~V (~QAT) e (Negation of negation)
S(~qA~P)V(~QAT) ... (Commutative law)
S(~PDA(~PVI) e (Distributive Law)

Miscellaneous Exercise 1| Q 11.2 | Page 34

Using the rules in logic, write the negation of the following:

pPA(QVY)

Solution: The negationof p A(qVr)is
~[pA(@vn]

S~pV~QVEH) ... (Negation of conjunction)
E~pV(~qA~I) . (Negation of disjunction)
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Miscellaneous Exercise 1 | Q 11.3 | Page 34

Using the rules in logic, write the negation of the following:
(P—aq)Ar

Solution: The negation of (p — q) Aris

~[(p—r)AT]
~(P—=q)V(~0) s (Negation of conjunction)

(pA~Q)V(~D)........ (Negation of implication)
[Note: Answer in the textbook is incorrect.]

Miscellaneous Exercise 1 | Q 11.4 | Page 34

Using the rules in logic, write the negation of the following:
(~pAaQ)V(pA~Q)

Solution: The negation of (~p A Q) V (p A ~Q) iS

~[(~pAq)V(pA~a)
~(PAQ)A~(p A ~Qq) ....(Negation of disjunction)

[~(~p)V~a]A[~pV ~(~q)] ........ (Negation of conjunction)
SE(pv~qA(~pVQ).... (Negation of negation)

Miscellaneous Exercise 1| Q 12.1 | Page 34

Express the following circuit in the symbolic form. Prepare the switching table:

_ e

5, o

| {1y

(=)
Solution:

Let p: the switch S1 is closed

g: the switch Sz is closed
~p: the switch S1"is closed or the switch Si is open
~Q: the switch S2' is closed or the switch Sz is open.

%@Ci TY
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Then the symbolic form of the given circuit is:
(PAQ) V (~p) V (P A ~0)

Switching Table

NELCITY
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p | d ~p ~q pAg pA~qg (PAG) V (~p) V (p A ~Q)
1 | 1 0 0 1 0 1
1 0 0 1 0 1 1
0 | 1 1 0 0 0 1
0| o 1 1 0 0 1

Miscellaneous Exercise 1 | Q 12.2 | Page 34

Express the following circuit in the symbolic form. Prepare the switching table:

i" v A |

= Y ®
! =, — -
Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Sz is closed
Then the symbolic form of the given statement is:
(pva) A (pva)
Switching Table

p g r pvq pvr (pva) A (pva)
1 1 1 1 1 1
1 1 0 1 1 1
1 0 1 1 1 1
1 0 0 1 1 1
0 1 1 1 1 1
0 1 0 1 0 0
0 0 1 0 1 0
0 0 0 0 0 0

Miscellaneous Exercise 1 | Q 13.1 | Page 34
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Simplify the following so that the new circuit has a minimum number of switches. Also,

draw the simplified circuit.
-

™ .,f’l;,_
hH o
r 7
g 5
Y.
™, by

n§ .l'-l.x'\.
L)

-

Solution: Let p: the switch Sz is closed
g: the switch Sz is closed

~p: the switch S1'is closed or the switch S1 is open

~(Q: the switch S2' is closed or the switch Sz is open.
Then the given circuit in symbolic form is:
(PAQ)V(~pAQ)V(~pA~0Q)
Using the laws of logic, we have,
PA~Q)V(~pAQ)V(~pA~0Q)
SEPA~QVI~pAQV(~PA~Q)].errrnnn. (By Associative Law)
PA~QVI[~pA@QV~Q)]..ccconnn. (By Distributive Law)
PA~QVEPAT) .. (By Complement Law)
(PA~Q)V ~P erreeee (By Identity Law)
S(PV~pP)A(~qQV ~P) .ccccnn. (By Distributive Law)
TA(~QV ~P)........ (By Complement Law)

E~qQV ~p e (By Identity Law)
=R VIAVAETo [ (By Commutative Law)
Hence, the simplified circuit for the given circuit is:

"
=

|||F (D_._

Miscellaneous Exercise 1| Q 13.2 | Page 34

Simplify the following so that the new circuit has a minimum number of switches. Also,
draw the simplified circuit.
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e B S _%§
-/.'.\_ AR

F— 5 — |
ot v |
L 5 8, %,
e e O

Solution: Let p: the switch S1is closed
g: the switch Sz is closed
r: the switch Sz is closed
s: the switch Sa4 is closed
t: the switch Ss is closed
~p: the switch S1'is closed or the switch S1 is open
~(Q: the switch S2' is closed or the switch Sz is open
~r: the switch S3' is closed or the switch Sz is open
~s: the switch S4' is closed or the switch Sa4 is open
~t: the switch Ss'is closed or the switch Ss is open.
Then the given circuit in symbolic form is:
[(PpAQ)V~rV~sV~tA[(pAQ)V(rAsAL)
Using the laws of logic, we have,
[(PAQ)V~rV~sV~t]A[(pAQ)V(rAsAL)]
S[(PpAQQV~TASADIAIPAQV(ITASAL]......... (By De Morgan’s Law)
SEPAQV[~TASA)A([TASALD]...... (By Distributive Law)
S(PAQ)VF ... (By Complement Law)
EpPAQ...... (By Identity Law)
Hence, the alternative simplified circuit is:

A
5, S,

o e £
! L)

Miscellaneous Exercise 1 | Q 14.1 | Page 35

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

(i)
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(if)
i
h_‘ % ,f._'

Solution: Let p: the switch S1 is closed
g: the switch Sz is closed
r: the switch Ssis closed
The symbolic form of the given switching circuitsisp A(gvrand (pAqQ)V(pAT)
respectively.
By Distributive Law, pA(QV I =(pAQ)V(pPAT)
Hence, the given switching circuits are logically equivalent.

Miscellaneous Exercise 1| Q 14.2 | Page 35

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

(i)

. .
S o
#a .
'\_ 5
(i)
P
i
A
8 5

Solution: Let p: the switch Sz is closed
g: the switch Sz is closed
r: the switch Ssis closed
The symbolic form of the given switching circuits are

(pva)A(pvryandpV(qAr)
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By Distributive Law,

pv@an=(pvaAaPvr
Hence, the given switching circuits are logically equivalent.

Miscellaneous Exercise 1 | Q 15| Page 35

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

_/._/._/._

Solution: Let p: the switch Sz is closed
g: the switch Sz is closed
r: the switch S3 is closed
~p: the switch S1'is closed or the switch Si1is open.
~(: the switch S2' is closed or the switch Sz is open.

Then the symbolic form of the given circuit is:
PAQA~P)V(~PAGANV(PAGAT)V(PA~QAT)

Using the laws of logic, we have,
(PAGA~P)V(~PAQAT)V(PAQAT)V(DA~GAT)
EPA~PAQV(~pPAGANDVPAQANV((PA~QAT) ... (By Commutative Law)

EFAQVE~p AGQANDVPAGADV(PA~FAT e (By Complement Law)
SEFV(~pAQANVPAQANVPA~QAT) ... (By Identity Law)

S(~pAQANVPAGATN)V(PA~FAT) ... (By Identity Law)
S[(~pvp)A(QAN]V(pA~gAT)...(By Distributive Law)
S[TA@QAN]V((PA~QAT) ... (By Complement Law)
S(QANVPA~QAT) ... (By Identity Law)
S[QV(pPA~Q]AT......... (By Distributive Law)

S[(qvp)A(@V ~Q)ATr....... (By Distributive Law)
S(QVP)AT]AT ... (By Complement Law)

ZS(QVP)AT..... (By Identity Law)
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SEPVQAT..... (By Commutative Law)

=~ the alternative arrangement of the new circuit with minimum switches is:

S /,
By Sy
_f,;'.,_
@ | —
—1{ L)

Miscellaneous Exercise 1| Q 16 | Page 35

Simplify the following so that the new circuit.

A\

¥
5"

\

L

o

NN

wa
| )

®

—r—

Solution:

Let p: the switch Si is closed
g: the switch Sz is closed

~p: the switch Si1" is closed or the switch Si is open

~Q: the switch S2' is closed or the switch Sz is open.
Then the symbolic form of the given switching circuit is:
(~pva)v(pVv~aVv(pVva)
Using the laws of logic, we have,
(~pva)v(pVv~aVv(pVva)
=(~pvqvpva)V(pva)
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=E[(~pvp)vvaglveVva)..... (By Commutative Law)
=(TvDveVva...... (By Complement Law)

=ETv(pVvQ).... (By Identity Law)

=T ... (By Identity Law)

=~ the current always flows whether the switches are open or closed. So, it is not
necessary to use any switch in the circuit.

=~ the simplified form of the given circuit is:

e 0
[}t b

Miscellaneous Exercise 1 | Q 17 | Page 35

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

://"

5 /,,,.-A

_/__/" h

35 _/,/‘ o
o S, 5.

©

Solution:

Let p: the switch S1 is closed

g: the switch Sz is closed

r: the switch Ss is closed

~ (: the switch S2' is closed or the switch Sz is open
~ r: the switch S3'is closed or the switch Sz is open
Then the symbolic form of the given circuit is:

PV(~a)V(~nNlApV(QAT)]
Switching Table
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p q r ~q ~r | pv(~a)v(~r) | gAr | pv(gAr) Final
column
() (1 () A ()
1 1 1 0 0 1 1 1 1
1 1 0 0 1 1 0 1 1
1 0 1 1 0 1 0 1 1
1 0 0 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

From the table, the final column’ and the column of p are identical. Hence, the given

circuit is equivalent to the simple circuit with only one switch Si.
=~ the simplified form of the given circuit is:

e

s,
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