BOOLEAN ALGEBRA
1 MARK QUESTIONS

1. Write the POS form of boolean function H, which is represented in a truth table as follows:

R R, P P OO0 OflXx
R, OOPRPFR O O|x
P OFr OFr OFr O|N
P OORrRRFBF OR|T

2. Write the SOP form of boolean function G, which is represented in truth table as follows:

P Q R G
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1

3. Write the POS form of boolean function H, which is represented in a truth table as follows:

R R R R, OOO0OOoO|I>
P P, OORFrRPRFPF OOl
P O O OK OoO|In
R OORFR PR RFR RO

4. Write the POS form a boolean function G, which is represented in a truth table as follows:

R R P PO OO OoO|c
P P OORr PFR OO
POrororols
R OR PR OORR|ID
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Draw a logic circuit diagram for the boolean expression: )Z(Y_-I-E)
Draw a logic circuit diagram for the boolean expression: A.(B+C)

Draw a logic circuit diagram for the boolean expression: K(B+C)
Prove that X . (X + Y) = X by truth table method.
Find the complement of the following Boolean function:
Fi1=AB’ C'D’
In the Boolean Algebra, verify using truth table that X + XY for each X, y in (0, 1).
In the Boolean Algebra, verify using truth table that (X + Y)’' + XY’ for each X’ Y in (0, 1).
Give the dual of the following result in Boolean Algebra
X. X =for each X.
Define the followings:

(a) Minterm (b) Maxterm (c) Canonical form

Interpret the following logic Circuit as Boolean expression:

Interpret the following Logic Circuit as Boolean Expression:

;. ___‘___D»J;ﬂ)ﬁ_ -

Write the dual of the Boolean expression A + B’ .C.

Write the dual of the Boolean expression (B’ + C) . A.

Represent the boolean expression X (Y’ + Z) with help of NOR gates only.
State Demorgan’s Laws:

Which gates are called Universal gates and why?

Marks Questions

1 State DeMorgan’s laws. Verify one of the DeMorgan’s laws using a truth table.
2 Draw a logic circuit for the following boolean expression.

A.B" +(C+B’) .A’
3 Obtain the Boolean expression for the logic circuit shown below:



4 Verify the following using boolean expression using truth table:
(i) X+0=X
(i) X+X'=

5 Write the equivalent Boolean expression for the following logic circuit:

6 Verify the following boolean expression using truth table:
(i) X.X'=0 (i) X+1=1
Write the equivalent boolean expression for the following logic circuit:

8. Represent the Boolean expression X. Y’ + Z with the help of NOR gates only.
9. Represent the Boolean expression (X + Y’) .Z with the help of NAND gates only.

3 Marks Questions

1. Obtain the minimal form for the following boolean expression using Karnaugh’s Map:
F(A,B,C,D)=5(1,4,5,9,11, 12,13, 15)

2. Obtain a simplified form for the following boolean expression using Karnaugh’s Map:
F(P,Q,R,S)=3(0,2,4,5,6,7,8,10, 13, 15)

3. Obtain the minimal form for the following boolean expression using Karnaugh’s Map:
H(P,Q,R,S)=3(0,1,2,3,5,7,8,9, 10, 14, 15)

4. Obtain the minimal form for the following boolean expression using Karnaugh’s Map:
F(U,V,W, Z7)=5(0,1,2,3,6,7,8,9, 10, 13, 15)

5. Reduce the following boolean expression using K-map:
F(Pl Ql RI S) = Z(ll 2’ 3’ 4’ 5’ 6’ 7’ 8l 10)

6. Reduce the following boolean expression using K-map:
F(A,B,C,D)=3(2,3,4,5,6,7,8,10, 11)



7. Reduce the following boolean expression using K-map:
F(A,B,C,D)=3(0,1,2,4,5,6,8, 10,)

8. Reduce the following boolean expression using K-map:
F(P,Q,R,S)=5(0,1,2,4,5,6,8,12)

9. Reduce the following boolean expression using K-map:
F(A,B,C,D)=5(3,4,5,6,7,13,15)

10. Reduce the following boolean expression using K-map:
F(u,v,w,z)=5(3,5, 7,10, 11, 13, 15)



BOOLEAN ALGEBRA-SOLUTION
1 MARK QUESTIONS

Maxterm
X+Y+Z
X+Y+Z
X+Y+Z
X+Y+Z
X+Y+Z
X+Y+Z
X+Y+Z
X+Y+Z

N === R =
PP OORrR PFrPOoOOoK
P OPFRP OFr OPFr ON
P OOPRrR PP OPR|T

To get the POS form, we need to maxterms for all those input combinations that produce output
as
0. Thus,
HIX,Y,Z) = (X+Y+2Z) .(X+Y+2).(X+Y+2)

GMinterm

P PP PO OO O|T
PP OORPROOoO
R OFr OFr OFr Ol
P POPRFRPPFRPPFR OO
U U U U Ul Uul vl T
O O OO0 O OO0
o ol ol oo

To get the SOP form, we need to sum minterms for all those combinations that produce output as 1.
Thus,

G(P,Q,R) = (P.Q.R) +(P.Q.R)+ (P.Q.R) +(P.Q.R)}+ (P.Q.R)

Maxterm
A+B+C
A+B+C
A+B+C
A+B+C
A+B+C
A+B+C
A+B+C
A+B+C

P P P PO OO oD
P P OOPRFrRPFr OOl
R OFr OFr OFr O
P OORRFRPRFPRFO|

To get the POS from, we need to product maxterms for all those input combinations that
produce
output as 0. Thus,



H(A, B,C)=(A+B+C).(K+B+C).(A_+ET+C).

4. u v w GMaxterm
0 0 0 1 u+v+w
0 0 1 1 u+v+ w
0 1 0 0 u+v+w
0 1 1 0 u+v+w
1 0 0 1 u+v+w
1 0 1 1 U+vtw
1 1 0 0 u+v+w
1 1 1 1 U+viw
To get the POS form, we need to product maxterms for all those input combinations that produce output
as
0. Thus,
G(u,v, W)= (u+v+w)(u+v+w). (U+tv+w))(u+tv+w)
5.
= U +v+w)
A \)Z ¥ +2)
1 ib_—_/
- Y+ 2
6.
Ae 7\>/ (B + C)
sy c) )
: = " B4+t
7.
An—oe—— A.(B+C)
B e—— ~ = g
54 ))B —L_2
8.
X Y X+Y X. (X+Y)
0 0 0 0
0 1 1 0
1 0 1 1
1 1 1 1

From the above table it is obvious that X . (X +Y) = X because both the columns are identical.

9. (AB’ +CD’)=(AB’)’ .(C’D’y’ (De Morgan’s first theorem)
=(A’+B”).(C”+D”) (De Morgan’s second theorem i.e. A.B=A +
B)
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=(A’+B).(C+D) X =X)
As the expression X + XY is a two variable expression, so we require possible combinations of
values of X, Y. Truth Table will be as follows:

X Y X+Y X. (X+Y)
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1

Comparing the columns X + XY and X, we find, contents of both the columns are identical, hence
verified.
As it is a 2 variable expression, truth table will be as follows:

X Y X+Y X+Y)y | X Y’ XY’
0 0 0 1 1 1 1
0 1 1 0 1 0 0
0 1 0 0 1 0
1 1 0 0 0 0

Comparing the columns (X + Y)'and X'Y’, both of the columns are identical, hence verified.

Using duality principle, dual of X . X’ =0is X + X’ = 1 (By changing (.) to (+) and viceversa and by
replacing 1’s by 0’s and vice versa).

(a) A Minterm is a product of all the literals (with or without the bar) within the logic system.
(b) A Maxterm is a sum of all the literals (with or without the bar) within the logic system.

(c) Aboolean expression composed entirely either of minterms or Maxterms is referred to as
canonical expression.

F=AB+CD
F=(W+X)(Y+2).

Dual of the Boolean expression A+ B’.Cis A .(B’ + C).

Dual of the Boolean expression (B’ +C). Ais (B’ .C) + A.
The given expression may also be written as

__A_\ N TR #2)) = XY +2)
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De Morgan’s first theorem. It states that X+Y=X.Y
De Morgan’s second theorem. It states that X.Y=X+Y

NAND and NOR gates are less expensive and easier to design. Also, other switching functions

(AND, OR) can easily be implemented using NAND/NOR gates. Thus, these (NAND/NOR) gates
are also referred to as Universal Gates.

Marks Questions

DeMorgan’s Laws:

It states that

()  (A+B)=AB (i) (A.B)=A+B
Truth table for A+B=A.B

A B A+B (A+B) A B A.B
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

Column 4 and Column 7 are equal, first law is proved.
F=A.B +(C+B).A



So, the obtained boolean expression is F=P'Q+ (Q+ R’)

4. (i) X+0=X

(i) X+ X' =
X 0 X+0 X X' X+X
0 0 0 1 1
1 0 1 1 0 1

So, X+0+X As X + X’ = 1. Hence proved.

5.
So, the obtained boolean expression if F= (u + v).(u + w)
6.
(i) X.X' =0 ([jX+1=1
X X' XX X 1 X+1
0 1 0 0 1 1
1 0 0 1 1 1
As X. X’ = 0. Hence proved. As X + 1 =1.Hence proved.
7.
’—/1 \ U.V _
S R o R l[ \\\\ . ( LT
o Sl \ 3 Y=(u.v)+(U.w)
iyl i
W—>o— ow
lA/
So, the obtained boolean expressionis Y = (u, v) + (u. w)
law)

8. X.Y+Z



=7Z+XY’

X+Y=Y+X]
=(Z+X)(Z+Y')

X+YZ=(X+Y)(X+2)]

X N

XY '+Z

< N

9. (X+Y).Z=X.Z+Y'.Z

X
Z

Y:EEj :) i




3 Marks Questions
1. FA, B, C D)=5(1,4,5,9,11,12, 13, 15)

CcD
AB D cD CD CD
A B’ 1
0 1 3 2
‘ 5
A'B \ 1 1
| =<y 5] 7 6
|
AB L] 1 1
2 3 15 14
AB | Far
| =g =g 11 10

There are 3 Quads:

Quad 1 (my + ms +mg + my3) reduces to C'D
Quad 2 (m4 + ms +m1>+ my3) reduces to BC
Quad 3 (mg + my; +m13+ mys) reduces to AD
Hence, the final expression is:

F(A, B, C)=C'D + BC'+ AD

2. F(P,Q,R,S)=5(0,2,45,6, 78,10, 13, 15)

RS RS|RS|RS|RS
PQ |
b 2 %)
PQ 1 ) Y
s Me Lfa Tl o
PQ af | s 7 6
PQ e

12 13 15 14

= 1 } 1

PQ 8 9 11 10

There are three Quads:
Quad 1 (m4 + ms +mg+ m7) reduces to FTQ
Quad 2 (ms + my +mq3+ mys) reduces to QS
Quad 3 (mg + m, +mg+ m1g) reduces to QS
Hence, the final expression is:
F(P, Q R, S) = PQ+ QS +QS B -

3. H(P,Q,R,S)=3(0,1,2,3,5,7,8,9, 10, 14, 15)



PQ RS RS RS |RY
: T {
; S |
Pl |1 1 | L
il | é 3 2
PQ x| 4
4 5 7 6
PQ ol
12 13 15 14
i == ™ S .
Parl {17 1] | 1
8 | 9 1] | 10
I

There are three Quads and 1 Pair:
Quad 1 (mg + m; +mg+ mqp) reduces to (IS
Quad 2 (m1 + m3 +ms+ m5) reduces to PS N
Quad 3 (mg + my +mg+ mg) reduces to QR

Pair 1 (my4+ mys) reduces to PQR
Hence, the final expression is:

H(P,Q,RS)=Q'S +P’S+Q R +PQR
4. F(UV,W,2)=3(0,1,2,3,6,7,8,9, 10, 13, 15)

Wz
O Wz owzoowz wz
- l

L
uv [ | digloldil
K5 S O T
—1 3 ) 5 | 3
uv I |
4 5 7 6
w BT
12 13] 15 14
o | R
. 18 | 9 1l | 10
« . :

There are three Quads and 1 Pair:
Quad 1 (mg + m, +mg+ mg) reduces toVZ
Quad 2 (mg + m; +mg+ mg) reduces to VW o
Quad 3 (m; + m3 +mg+ m7) reduces to U W

Pair 1 (my3+ mys) reduces to UVZ
Hence, the final expression is:
FUVWZ)=V'Z +V' W + U W+UVZ

5. F(P,Q R S)=5(1,2,3,4,5,6,7,8,10)



RS
PQ RS R'S RS RS’

P’O’ j,1 ——— 5 ,: J:I:.' eI ‘"{"E
o | 1| | 3 2
PR i
PQl 1 il
i 7 DR 6
PQ
12 13 15 14
a7 1] e
8 9 10

There are three Quads and 1 Pair:

Quad 1 (m; + m3 +ms+ m>) reduces to P’S

Quad 2 (m4 + ms +mg+ m7) reduces to P'Q
Quad 3 (m; + m3 +mg+ m7) reduces to PR
Pair 1 (mg+ m1g) reduces to PQ’S’
Hence, the final expression is:
F(P,Q,R,S) = P’S+P’'Q+ PR+ PQ’S’
6. F(A,B,C,D)=5(1,3,4,5,6,7,12,13)

CD
AB cb CD D CD

AB 1 i}
0 1 3 2
AB| [1 1 1 i
4 5 7 g
A B
12 13 15 14
ABI] T
I 8 9 11 10
f

There are 2 Quads and 1 Pair:

Quad 1 (m4 + ms +mg+ m>) reduces to AB

Quad 2 (m; + m3 +myg+ mq1) reduces to B C B

Pair 1 (mg + myo) reduces to ABD
cD

AN ¢ co—co e
F(A, B, C,D) = AB <D Co——CD (CD

b ey el
7. F(A,B,C D)= ap | [T 1) | A
0 } ) I
[ |
~B| |1 1] a1
T 4 5 7 6
AB
12 3 15 14
i —
AB J. | 1
s 9 il | 10

Hence, the final expression is:
+BC + ABD
3(1,2,4,5,6,8,10)



There are 3 Quads:
Quad 1 (mg + my; +m4+ ms) reduces to A’C’
Quad 2 (mg + m, +mg+ myg) reduces to B’ D’
Quad 3 (mg+ m; +my+ mg) reduces to A’ D’
Hence, the final expression is:
F(A, B, C,D) = A’C’+B’D’ + A’ D’
8. FIP,QR S)=3(1,2,4,5,6,8,10,12)

RS
P RS - RS RS RS
B I — B S— SRR S
Pal [l 1 [ | 1
Il llo 1| 3 2
M1l 1
Tze 3 81 | ) O I
| {4 5 -
| |
PQ ‘1\
| 2 1 15 14
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There are 3 Quads:
Quad 1 (mg + m4 +mg+ m1,) reduces RS
Quad 2 (mg + my; +my+ ms) reduces PR o
Quad 3 (mg + my +my+ mg) reducesS P o
Hence, the final expression is:
F(P,Q R, S)=RS+PR+SP T

9. F(A,B,CD)=3(3,4,5,6,7,13,15)

€D i = =

AB CD D D CD
AB [1]

0 1 3 2
Ag| [1 1 1 1]

4 5 7 6
AB {1 1

12 13 15 14
AB

8 9 1 10




There are 2 Quads and 1 Pair:
Quad 1 (m4 + ms +mg+ m7) reduces to AB
Quad 2 (ms + my +m13+ mys) reduces to BD
Pair 1 (ms + m-) reduces to ACD B
Hence, the final expression is:
F(A, B, C,D) = AB +BD + ACD

10. F(u, v, w,2)=3%(3,5,7,10, 11, 13, 15)

>\WZ

uv WZ Wz wz wZ
av 1

0 3 2
ay |1 1

4 1 5 7 6
uv !71 1 Jl

12 13 16 14
uv 1 1]

8 9 11 10

There are 2 Quads and 1 Pair:
Quad 1 (m3 + my +mq1+ mys) reduces to wz
Quad 2 (ms + m7 +mq3+ mys) reduces to vz
Pair 1 (myg + mqq) reducestouvw B
Hence, the final expression is:

Flu v,wz)=wz+vz+uvw



