TYPE A : VERY SHORT ANSWER QUESTIONS

NOTE: “ “ “ is used instead of* *.

1. | Name the person who developed Boolean algebra.
Ans. |George Boole was developed Boolean algebr a.
2. | What is the other name of Boolean algebra? In which year was the Boolean algebra developed?
Ans. |Ot her name of BSwiltami adgBRdkdlgedn sal gebr a was deve
3. | What is the binary decision? What do you mean by a binary valued variable?
Ans. The decision whiYcEEHBRIUENOFKE SENt BsatcpwhBedi i on
Vari abl estwhiecdIriRIeE omr EAL DBl edlolviamarayp |l veasl.ued
4. | What do you mean by tautology and fallacy?
Ans. |I' f result of any |l ogical stateamehédoTfTaexpregygi and
FALSE or O it is called Fallacy.
5. | What is a logic gate? Name the three basic logic gates.
Ans. |AGates simply an electronic circuit which operates
Thresib | ogic gates are as following
1. Il nverter (NOT Gate)
2. OR Gat e
3. AND Gat e
6. | Which gates implement logical addition, logical multiplication and complementation?
Ans. OR gate i mplements | ogical addition
AND gate i mplmeamentps i clavgiomal
I nverter (NOT gate) i mplements compl ementati o
7. | What is the other name of NOT gate?
Ans. |The ot her namd nofegrdi@dr. gat e i S
8. | What is a truth table? What is the other name of truth table?
Ans. |[Trut h Tabl e rieprea steanitIsd awhiad hh e s p o Bssti abtge ncearl t sv aa li aarbd
possi ble results of the given combinations of val
9. | Writethedualof:1+1=1
Ans ([ The dual of 1 + 1 = 1 is 0. 0 =0
10. | Give the dual of the following in Boolean algebra :
() X. X =0 foreach X (i) X+ 0 = X for each X
Ans. | (1) X + X' = 1
(iri)y X . 1 = X
11. | Which of the following Boolean equation is/are incorrect? Write the correct forms of the incorrect ones :
(@ A+A =1 (b)A+0=A (©)A.1=A
(d) AA’=1 (e)A+AB=A (f) A(A+B)' = A
(9) (A+B)'=A"+B (h) (AB)'=A’B’ iHA+1=1 ()A+A=A
(KYA+AB=A+B (D X+YZ=(X+Y)(X+A)
(a) Correct (c) Correct (b) Correct
Ans. (d) I ncorrect. Correct form is A . A’ = 0
(e) Correct (f) Correct
(g) I ncorrect. Correct form is (A + B)' = A'B’
(h) I ncorrect. Correct form is (AB), = A" + B’
(i) Corre¢t) Correct (k) C
(I'y I'nmcorrect. Correct form is X + YZ = (X + Y)
12. | What is the significance of Principle of Duality?
Ans. |[Principle of Duality is a veryThimpogttatnds ptrh atc i ptl

rel ati on, anot her Bool ean rel ation can be derived
1. Changing each OR sign (+) to an AND si gn(
2. Changing each AND sign (.) to an OR sign(+
3. Replacing @adhb® By 1 and eac
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13. | How many input combination can be there in the truth table of a logic system having (N) input binary variables?
Ans. [Ther e Uiamnp ute c20mbi nation in the truth table of a
14. | Write dual of the following Boolean Expression :
@ (x+y)  (O)xy+xy'+xy ()a+tab+b  (d)(x+y +2)(x+y)
Ans. |[(a) xy'’
(c) a). .(a’ + XY'z + XYy
15. | Find the complement of the following functions applying De’Morgan’s theorem
(@) F(x.y.2) =Xyz' +Xy'z (b) F(x,y.z) = x(y'z +yz)
Ans. | (a) x'vyz'’ + X'y’ z (b)) x(y'z + yz)
= (x'#yzx'y'z)’ = x' + (y'z + yz)°
= (x'yz' ) ' (x"y'z)"’ = x' + (y'" o+ z7)(y’
= (x'7 + y' + z'7)(x = x' + (y + z')(y  +
= (x + y' + z)(x + 'y
16. | What is the logical product of several variables called? What is the logical sum of several variables called?
Ans. |Logi cal product of several variables is called Mi
17. | What is the procedure “Break the line, change the sign”?
Ans. | The procedure “Break the |ine, change the sign”
1.Compl ement the entire function
2.Change all ANDs ( . ) to ORs ( + ) and all th
3. Compl ement each rafabtlhrees.i ndi vi dual va
18. | What is a logical product having all the variables of a function called?
Ans. |Logi cal product having all the variables of a fun
19. | What is a logical sum having all the variables of a function called?
Ans.  [Logi chavsogp all the variables of a function i s ca
20. | What do you understand by a Minterm and Maxterm?
Ans. |[Mi nt:eMimterm is a product of alElacthhd iltietrearlalma ywibte
(tcempl ement ed) .
MaxteManxterm is a product of alBacthhel iltietrearlalnsa ywibte
(i1 .e. compl emented) .
21. | Write the minterm and Maxterm for a function F(x,y,z) whenx=0,y=1,z=0.
Ans. | Mi nt erymz "
Maxt xr m: y’ + z
22. | Write the minterm and Maxterm for a function F(x,y,z) whenx=1,y=0,z=0.
Ans. | Mi nt eryrh z?’
Maxtrm+ y + z
23. | Write short hand notation for the following minterms : XYZ, X’YZ’, X’YZ
Ans. [Short hand not atXYoXn, YIZoir,s PR &5Zmi3nt 1) ms
24. | Write short hand notation for the following maxterms :
X+Y+Z, X+Y'+Z, X+Y+Z' X+Y'+Z
Ans. [Short hand notat Xof Y+to+#Y 'ZtheZX maxHseYrfs=Znm( 0X 2, Y3+
25. | What is the Boolean expression, containing only the sum of minterms, called?
Ans. [ The Boolean expression, containing eonfPyothets&mrd
e X pgiesn.
26. | What is the Boolean expression, containing only the product of Maxterms, called?
Ans. [ The Boolean expression, containing onl yo#fShen oo ddy
expression.
27. | What is the other name of Karnaugh map? Who invented Karnaugh maps?
Ans. [ The ot her name VWdi tkah ndivadr aasmap. idauri ce Karnaugh
28. | Why are NAND and NOR gates called Universal gates?
Ans [Circuits using NAND andadNORr atre ¢peopiudraramd ttheryefs
: can easily be i mplemented using NAND and NOR gat ¢
29. | Which gates are called Universal gates and why?
Ans. [ NAND and NOR gatves sae glaNBe brdraN®OR gates are |

e g
Al so other functions (NOT, AND, OR) can easily be



http:\\cbsecsnip.in

30. | State the purpose of reducing the switching functions to the minimal form?

Ans. ' Thei $ ching functions are practAcmnilniymii zZneod eBhe nlt e an
number of gates whi ch nfehaunss, stihnep Ipiufripeods ec iorfc uietdaurcy
mi ni mal form ¥s getting circuitar

31. | Draw alogic circuit diagram using NAND or NOR only to implement the Boolean function
F(a,b)=a'b’+ab

Ans. | ¢_
b—ED!; a'b'+ab
b

32. | How is gray code different from normal binary code?

Ans. | Gray code does not folliowghiayacydepregcédssiucggesisns

33. | How many variables are reduced by a pair, quad and octet respectively?

Ans. [ Two, four and eight variables are reduced by a pa3a

34. | What is inverted AND gate called? What is inverted OR gate called?

Ans. |[nverted isNhDNgIDegat e and I nverted OR gate is call

35. | When does an XOR gate produce a high output? When does an XNOR gate produce a high output?

An XOR gate pubpdutewhanhtpgbé input combination has

Ans. |la high output when the input combination has ever

36. | Write duals of the following expressions :

(M1+x=1 (i)(a+b).(a+b) (i)ab+bc=1 (iv)(a’c+c’a)(b’d+dDb)

Ans. | (i) O . x =0 a’' b’ (ii)
(iii) (a + b)(ar ehdqa)y 3% (b)) (iv) ((

37. | Find the complements of the expressions :

()X +YZ+XZ (i) AB(C’'D + B'C)
Ans. || (i) X + YZ + XZ (i 1gD BB
= (X + YZ + XZzZ)~ = (AB)' (C"D + B’'C)’
= (X)"(yz)  (Xz)" = (AB)" ((C"D)" + (B’
= X' (Y + Z')(X' + z =(AB)" (CD" + BC")
=(A’ + B')+(C + D")(
TYPE B : SHORT ANSWER QUESTIONS
1. | What do you understand by ‘truth table’ and ‘truth function’? How are these related?
Ans. The statements which can be débgr mahedttmbtelimeind s
The result TRUHE rout hEA/LaSSEueasr e cal |l ed
Both “truth tabl e’ and ‘truth function’ are rel

2. | What do you understand by ‘logical function’? What is its alternative name? Give examples for logical functions.
Logic statements or truth functions are combined

Ans. |[Logical. HUumernafhsv€ompmend statement .

Examples for |l ogical functions are as Foll owing
He prteefaernsot cof f ee.
He plays guitar and she plays sitar.
I watch TV on Sundays or | go for swimming.

3. | What is meant by tautology and fallacy? Prove that 1 + Y is a tautology and 0 . Y is a fallacy.

Ans. |[I' f result of any | omgiicalal wtagtse MRIUIE @mr dxprdsgiso c
FALSE or 0 it is called Fallacy.

We wi | | prove 1 + Y is a tautology with the helop
1 Y R
1 0 1
1 1 1

From truth tabl ésita taupmdwogyt hat 1 + Y
I t

We wi prove 0 . Y is a fallacy with he help of
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0 Y R
0 0 0
0 1 0
From truth table it is prove that O Y is a fal/l

4. | What s a truth table? What is its significance?

Ans. [ Trut h Tabwhi als raepgradddents all the possible values
possible results of t M8 tchi were cdicermpi mdt itamus ho ft avwd |
combinations of val uememtnd. results of | ogi cal St g

5. | Inthe Boolean Algebra, verify using truth table that X + XY = X for each X, Yin {0, 1}.

Ans. X Y XY X+ XY

0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1
Both the columns X and X + XY are identical, heng
6. | Inthe Boolean Algebra, verify using truth table that (X +Y)' = X’Y" for each X, Yin {0, 1}.
Ans. X Y X+Y (X+Y)y X’ Y’ XY’
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
Both the columns (X + Y)' and X'Y' are identical,
7. | Give truth table for the Boolean Expression (X + Y’)'.
Ans. X Y Y’ X+Y (X+Y)
0 0 1 1 0
0 1 0 0 1
1 0 1 1 0
1 1 0 1 0
8. | Draw the truth table for the following equations :
(@ M=N(P+R)
Ans. | (@M =N (P +R) (b) M=N+P+NP’
N P R P+R N (P +R) N P R P’ NP’ N +P +NP’
0 0 0 0 0 0 0 0 1 0 0
0 0 1 1 0 0 0 1 1 0 0
0 1 0 1 0 0 1 0 0 0 1
0 1 1 1 0 0 1 1 0 0 1
1 0 0 0 0 1 0 0 1 1 1
1 0 1 1 1 1 0 1 1 1 1
1 1 0 1 1 1 1 0 0 0 1
1 1 1 1 1 1 1 1 0 0 1
9. | Using truth table, prove that AB + BC + CA’= AB + CA’.
Ans. A B C A’ AB BC CA’ AB +BC + CA’ AB +CA’
0 0 0 1 0 0 0 0 0
0 0 1 1 0 0 1 1 1
0 1 0 1 0 0 0 0 0
0 1 1 1 0 1 1 1 1
1 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0
1 1 0 0 1 0 0 1 1
1 1 1 0 1 1 0 1 1
Bothhe columnAaA® ABB€ @ dentical, hence proved.
10. | What are the basic postulates of Boolean algebra?
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Ans. |[Fol |l owing are the basic postulates of Boolean al g
1)If X not equal to O then X equal to Q; and |If
2)OR Rel ations (Logical Addition)

(D)y+ 0 = & 1 (ii(yigo)y+112+ 0o = 1 (i1 v)
3)AND Rel ations (Logical Mul tiplication)
(i)o0 0O = 0 (iri)y o . 1 =0 (i
4)YCompl ement Rul es
(03 1 1= 0 (i)
11. | What does duality principle state? What is its usage in Boolean algebra?
Ans. | Therincipletoafedutathat ystarting with a Boolean r el
l1Changing each OR sign(+) to an AND sign(.).
2. Changing each AND sign(.) to an OR sign(+)
3. Replacing each 0 by 1 and each 1 by 0.
Prinafi pdwealiint yBoiosl euasne al gebra to compl ement the B
12. | State the principle of duality in Boolean algebra and give the dual of the Boolean expression :
(X+Y).(X"+Z).(Y + 2)
Ans. | Therinciplet @afeslutahat ystarting with a Boolean rel
1 .Changing eachsiOfngign(+) to an AND
2. Changing each AND sign(.) to an OR sign(+)
3. Repl acing each 0 by 1 and each 1 by 0.
The dual Xe&f . (X + XIZIE'¥Y¥3E XY +
13. | State the distributive laws of Boolean algebra. How do they differ from the distributive laws of ordinary algebra?
Distributive | aws of Boolean algebra state that

Ans. (1) X(Yy + zZ) = XY + Xz
(ii )X + YZ = (X + Y)(X + 2Z)

Y aw X(Y + Z) = XY + XZ holds gdoad WwhXraa$z val (ue g
goomd yor two values (0, 1) of X, Y and Z.

14. | Prove the idempotence law of Boolean algebra with the help of truth table.

Ans. | Idempotence law state that (a) X+ X=X (b)X.X=X
(@ X+X=X (b) X. X=X
To prove this flalw,owiengvi To prove this |l aw, we wi

X X R X X R
0 0 0 0 0 0
1 1 1 1 1 1
O + 0 = 0 and 1 + 1 = 10 .0 Oalrrd 1 = 1
From truth tahlte Xi #+ Xs=pFrmo truth tatbhat i X isXp=x:

15. | Prove the complementarity law of Boolean algebra with the help of a truth table.

Ans. | Complementarity law state that () X+ X'=1 (b)X.X'=0
@XxX+X =1 (b) X.X=0
To prove this | aw, wealwiTo prove this |l aw, we wi

X X’ R X X’ R
0 1 1 0 1 0
1 0 1 1 0 0
o + 1 = 1 and 2 + 0 = 10 . 1 = 0 and 1 . 0 = 0
From truth taklitxe=Xilt i s pFromthrtabl éhiatX=zX8.pr ove
16. | Give the truth table proof for distributive law of Boolean algebra.
Ans. |Di stributive |l aw state that (a) X(Y +2Z) = XY + XZ

(@) X(Y +2) = XY + XZ

To prove this | aw, wealwiél: make a following trutHh
X Y VA Y+Z XY XZ X(Y +2) XY + XZ
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
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1 0 0 0 0 0 0 0
1 0 1 1 0 1 1 1
1 1 0 1 1 0 1 1
1 1 1 1 1 1 1 1

From truth takXi(e i+tZ)i s XrYowe XZ

(b) X+YZ=(X+Y)(X+2)
X Y VA YZ X+YZ XZ X+Y X+Z X+Y)(X+2)
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 0
0 1 0 0 0 0 1 0 0
0 1 1 1 1 0 1 1 1
1 0 0 0 1 0 1 1 1
1 0 1 0 1 1 1 1 1
1 1 0 0 1 0 1 1 1
1 1 1 1 1 1 1 1 1

Fromh rtuabl et hat iX +HprYode= (X + Y)(X + 2Z)

17. | Give algebraic proof of absorption law of Boolean algebra.
Ans. |[Absorption | aw states that (i) X + XY = X and
(i) X + XY = X (ii) X(X + Y) = X
LHS = X + XY = X(1 + LHS = X(X + Y) = X )
= X 1 1 + Y = 1] = X + XY
= X = RHS. Hence = X(1 + Y)
= X . 1
= X =HRHRS&e prove
18. | Prove algebraically that (X + Y)(X + Z) = X + YZ.
Ans. |[L. H.S. = (X + Y)(X + Z) = XX + XZ + XY + YZ
= X + XZ + XY + YZ
= X + XY + XZ + YZ = X(1 + Y) + Z(X + Y)
= IX.+ Z(X + YY) + Y epdrtpy of O and 1)
= X + XZ + Y2Z)
= X(1 + Z) + YZ
= X.1 + YZ Z = 1 property of 0 and 1
= X.1 + YZ
= L. HeShce proved.
19. | Prove algebraically that X + X’Y =X + Y.
Ans. |L. H. SXY = X +
= XXM + . =1pf operty) of 0 and 1
= (A )HXYY (1 + Y = 1 property of 0 ang¢g
=  XY+XY X
=X + X'()X +
= +X. 1 X X1 complementarity | aw
= X + Y (Y. Ypr=operty of O and 1)
=R H. $lence proved.
20. | What are DeMorgan’s theorems? Prove algebraically the DeMorgan’s theorem.
Ans. [ DeMorgan’s theone&emsX'sr)Qi(eX).tyhat= X' (+i )Y’

(i) (X+Y)y=X.Y’

Now to prover sherdMonregowe ' wi f I use complementarity | g

Let us assume t hat P = x + Y where, P, X, Y are |
P P11 akrd O P

That means, i f P, X, Y are Boolean variabl es hen

P i .(eX ,+ iYf)lh'emn X' . Y’

(X +H XMysit be equal to 1. X= 1)
(X « XWipst be equal to 0. X= 0)
Let us prove the first part, i.e.,
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(X +X¥9 1+
(X H X)) (X +(¥YXy+ Y) + (
= (X% ). .0OX + Y +
= (1 + Y). (X + 1) (refxz1lx +
= 1.1 (red . X =1)
= 1
Sor d§ti part is proved.
Now |l et us prove the second part i.e.,

(X « X¥W) 0.

(X « X¥)) XY) (X + Y) (ref. X(YzZz) = (XY)Z
=( XX )(¥XY) "’ (ref. X(Yy + 2zZ) = XY
= ( X ¥XYY’
= 0X!YO+ (reiXz0X
= 0 + 0 = 0

So, second pahuXi sXaM'so proved,
(i) (X.Yy=X"+Y’
Agation prove this theorem, we wil!/ make use of com

X X 1 Xz 0 and X .

I f XY's complement is X + Y then it must be true
(a) X¢Y) += (1 Xhd ¥ O (b)) XY(
To prove the first part
L. H. SX&)YXY + (
= X€Y)y + XY
= X[ #Y'X) #{'Y) (ref. (X + Y)(X + 2zZ) = X
= (X yXt Yy +
= (YIxX#% 1) X=1)
=1.1 1 (ref. 1 + X =1)
=1=RH&E R. H. S
Now t he sie, d part i . e. ,
XYX+Y)=0= 0O
LH Ss (X8 YHY)
=X X*XY’ (ref. X(Yy + zZ) = XY +
=XXY +Y’'XY
= 0XOor + X=0)
= 0 += R.=H.C5.
XYXHY)= Oand X+Y) XY 1+ (
( X¥9" .+ WYHence proved.
21. | Use the duality theorem to derive another boolean relation from :
A+AB=A+B
Ans. AA#+B) = A.B
22. | What would be the complement of the following: (a) A’(BC’ +B’C) (b)xy+y'z+2'z?
Ans. | ( &AY B*BC) (AEB+BC) )’ (b)) yzxy# += y@xz¢) +

= Al (C(+BC) " ) = (w2ypz'X(

= Al (Q(CBG) () = (x" + y ) (y +

= (B®B) (®¥)(B = (x" + y)(y + z

= AB++ C(CX B +

23. | Prove (giving reasons) that [(x +y)' + (x +y)' ] =x+y
Ans. \[ (x + y)' + (x + y) '] = ((x + y) ) .(0Ox + y) )’
= (x + y).(x + y) (X = X)
= X + y (X. X = 1)
24. | Find the complement of the following Boolean function : F; = AB’ + C'D’
Ans. | ( AB’ + C' D)’ = (AB' )’ . (C"D'"(be Morgan's first th
= (A + B”").(C"" + D) i . (eA FB4¥B’ )
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= (A + B’).(C + D) ( X= )X)

25. | Prove the following :
()A(B+B'C+BC)=A (i)A+AB'=A+B'
() (x+y+2).(x+y+z)=y+z (iv)ABC+ABC+AB'C=AC+B’C
Ans. | ()A(B+B'C+BC)=A
A B C - ] ¥ BCc | BC | B+BC+BC | AB+BC+BC)
0 0 0 1 1 0 1 1 0
0 0 1 1 0 1 0 1 0
0 1 0 0 1 0 0 1 0
0 1 1 0 0 0 0 1 0
1 0 0 1 1 0 1 1 1
1 0 1 1 0 1 0 1 1
1 1 0 0 1 0 0 1 1
1 1 1 0 0 0 0 1 1
Both theA(cBol+tumBas +A BarC )i dentical, hence proved.
(i)A+A'B'=A+B'
A B C A’ B’ A'B’ A+AB’ A+B'
0 0 0 1 1 1 1 1
0 0 1 1 1 1 1 1
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 1 0 1 1
1 0 1 0 1 0 1 1
1 1 0 0 0 0 1 1
1 1 1 0 0 0 1 1
Both theA+ABAdmnARB'are identical, hence proved.
(i) x+y+2).(X ty+z) =y +7
X y z X’ X+ty+z | X+y+z | (X+y+2).(X'+y+2) y+z
0 0 0 1 0 1 0 0
0 0 1 1 1 1 1 1
0 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1
1 0 0 0 1 0 0 0
1 0 1 0 1 1 1 1
1 1 0 0 1 1 1 1
1 1 1 0 1 1 1 1
Both the colwmmnsaf{&kzypiwemtarrea(, hence proved.
(iv) A'B'C+ABC+AB'C=A'C+B’C
A| B C | A | B | ABC | ABC | ABC | AC | BC A'B'C+A’BC+ABC A'C+BC
0| 0 0 1 1 0 0 0 0 0 0 0
0| 0 1 1 1 1 0 0 1 1 1 1
0| 1 0 1 0 0 0 0 0 0 0 0
0| 1 1 1 0 0 1 0 1 0 1 1
1|0 0 0 1 0 0 0 0 0 0 0
110 1 0 1 0 0 1 0 1 1 1
1] 1 0 0 0 0 0 0 0 0 0 0
1] 1 1 0 0 0 0 0 0 0 0 0
Both theA"dBdlCumnsanBICC+aAB8’ Cdenti cal, hence proved
26. | What do you mean by canonical form of a Boolean expression? Which of the following are canonical?
(i) ab+bc (i) abc + a’bc’+ ab’c’ (i) (a + b)(a’ +b")
(iv)(a+tb+c)(a+b'+c)(@ +b+c’) (v)ab+bc +ca
Ans. ([ Bool ean Expression composed entirel ycamiotniegrarho 6 f Ma

expression.
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(1t )dNommoni cadanoni cal (i) nc@inioin) caanoni

27. | Give an example for each of the following :

(i) aboolean expression in the sum of minterm form
(i) a boolean expression in the non canonical form.

Ans. |[For a function F(X, Y, 2Z)

(i) Sum of minterms expression is
XYZX'"E XELZY '+ XY

( iNio)n canoni c alp rfoodrunt tosf Sum
XYYZH %+XZ Y’

28. | What are the fundamental products for each of the input words ABCD = 0010. ABCD = 1101, ABCD =1110?
The fundament al per oi dnupcutts woorrd se aAcBhC Do f= tOhO1 0. ABCD

Ans. A'@®+ @B + DABC

29. | Atruth table has output 1's for each of these inputs :

(a)ABCD = 0011 (b) ABCD =0101 (c) ABCD =1000, what are the fundamental products?

Ans. [ The fundamentfAI@BDABODI uBC’'t&’ 'r e

30. | Construct a boolean function of three variables p, q and r that has an output 1 when exactly two of p, g, r are
having values 0, and an output 0 in all other cases.

Ans. p q r F

0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0
F p=rgpér+ gqp r’

31. | Write the Boolean expression for a logic network that will have a 1 output when

X=1,Y=0,2=0; X=1,Y=0,Z=1; X=1,Y=1,Z=0;andX=1,Y=1,Z2=1.
Ans. | X = 1, Y X¥0Z' Zz = 0

X =1, Y XX, z = 1

X =1, Y =z1, zZ = 0 XY

X =1, Y XY, 2z = 1

The Bool ean eXpXYE&sXSYi+XiwZzZi s F = X

32. | Derive the Boolean algebra expression for a logic network that will have outputs 0 only output when
X=1,Y=1,Z=1; X=0,Y=0,2=0; X=1,Y=0,Z2=0.

The outputs are to be 1 for all other cases.
Ans. X Y YA F
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0
F = ( XX*® WX#YZZ) ((

33. | ABoolean function F defined on three input variables X, Y and Z is 1 if and only if number of 1(one) inputs is odd
(e.g.,Fislifx=1,Y=0,Z=0). Draw the truth table for the above functions and express it in canonical sum-of-
products form.

Ans. | The output is 1, only if one of the inputs ries o0ddg
X =1, Y = 0, zZz =0
X = 0, Y =1 Z = 0
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t output iwtHh,t oblherfworsei toutw
Y YA F Product Terms/

Minterms
XYz’
XY’ Z
X" YZ’
X"YZ
XY’ zZ’
XY’ Z
XYZ’
XYZ
for which output is 1, we

For t hese com
X

P RPRPPOIOIO|IO
O|O|O|r|O|FR|r|O

S| PP OIO|FR|IFkIOIOo

0
1
0
1
0
1
0
1
S

Adding all the mi
X'ZY X¥ W ZYX=Z'F
This is desi odPd o@Gaircdrsi d aolr MSum

term

34. | Output 1s appear in the truth table for these input conditions: ABCD = 0001, ABCD = 0110, and ABCD = 1110. What
is the sum-of-products equation?
Ans. | ABCD = A0@ED L’ =
ABCD =AB8D010 =
ABCD = 110 = ABC
Theumfproducts equation is as foll owing
FA- O esBO+ AMABC
35. | Convert the following expression to canonical Sum-of=Product form :
(@ X+XY+XZ (b) YZ+ XY (c) AB’ (B'+C)
Ans. | (a) X+ XY +XY
= X(Y + )Yz + z') + X'Y(zZz + zZ') + X'Z' (Y + Y')
= (XY + Y')y(z + z2') + X'YZ + X'YZ' + X'YZ' + XY
= Z( XY + XY#)X’+YZ’4(X>§(’ “Z'XY+ )X’ Yz' + X'Y'Z’
= XYZ XXYXY'# %XYYZ'+ X'YzZ' + X'YzZ' + X'Y'Z
By removing duplicateofePmedwet gébr manoni cal Sum
XYz + XY’ Z + XYZ’ + XY’ Z2° + X'YZ + X'YZ° + X’
F>1, 2, 3, 4, 5, 6, 7)
F I+ pm gk A s g oM
(b) YZ+ XY
=YZ(X + X') + X'Y(z + Z')
= XYZ + X'YZ + X'YZ + X'YZ’
By removing duplicateotePmsdwetgébdbr manoni cal Sum
XYz + X'YzZ + X' YZ’
F>X2, 3, 7)
F s+ mm -m
(c) AB'(B’ +C)
Try by yourself.
36. | Express in the Product of Sums form, the Boolean function F(x, y, z), and the truth table for which is given below :
X Y JA F
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1
Add a new col umn Nowtbhei  ngbMaxiteras.foll ows

Ans.
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Maxterms
+

+ Y
+ Y
+ Y

T+
‘ot
X' o+
X"+ Y
Now by multiplying OMax twer ngsetf otrh et hdee so uvetrpeudt pr oduc

(X + Y + zZ')y(X + Y + Z')(X' + Y + Z')

XX | X[ X[ X|x

ROk |lo|k|o|rk|lolN

ROk lolkr|lolk|m

R == =l=1 R
RiRlo|lo|rikrlolo|<

37. | Given the truth table of a function F(x, y, z). Write S-O-P and P-O-S expression from the following truth table :
X Y JA F

O OoO|r|Ik,rO|O|O

PR PP OOOIO
il lieliell i _llelle]

1
Mi nterms and Maxter ms
Minterms | Maxterms
XY’ +
XY’
X"YZ
X"YZ
XY’ Z T+
XY’ Z Co+
XYz'l X' +
XYZ | X" + Y
g I the minter ms-ofiporro dwhcitcsh eoxuptr peusts i i
X"y + XYz + XYZ
Now by multip ing Maxterms for the output O0Os, we
(X + Y + Z)Y( X + Y + zZ2')Y( X + Y + zZ)( X '

0
1
0
1
0
1
0
1
g

Add a new column containin

Ans.

<I<|<|-

+
+
+

XX | XX | X%

RO, OIFRIOIFLr OIN
R OO IFIO|IOC|IOImM

38. | Convert the following expressions to canonical Product-of-Sum form

(@ (A+C)(C+D) (b) A(B + C)(C’ +D") ) (X+Y)Y+2D)(X+2)
Ans. | (@) (A+C)(C+D)
(A + BB’ DD ) ( AA’ + BB’ + C + D)

+

bD)( A + B + C + D')(A + B + C + D
pl i cat ePrtoeffunost fwoer ngiet canoni ca
(A + B + C + D) (A’ + B’ + C + D)
2)

= + C
= (A + B + C +
By removing du
(A + B + C + D
F 1
F

= m(0, 5 |,
s+t MM M
(b) AB+C)(C’'+D)
Try by yourself.
) (X+Y)Y+D)(X+2)
= (X + Y + ZZ') (XX’ + Y + Z)(X + YY' + 2Z)
= (X + Y + Z)(XY++YZ}( X' ¥(X + X)GXZ¥y (X" + 2Z)
By removing duplicate toeSums fwer ngizet canoni cal Prod
(X + Y + Z)(X + Y + Z2')( X' + Y + Z)( X + Y + 2Z)
Fo=1m(p .4
F 3+ MMM;+ 4M
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39.

Simplify the following Boolean expression :

(i) AB+AB+AC+AC (i) XY +XYZ +XYZ' +XZY (i) XY(X'YZ'+ XY'Z'+ XY'Z))

Ans. | () AB+AB’+A'C+AC
= A(B + B'") + A"(C + C')
= A + A’ (A + A = 1)
= 1
(i) XY + XYZ' + XYZ' + XZY
= XY(zZ') + XY(z2' + 2Z)
= XY(Z') + XY
= XY(z' + 1)
= XY
(i) XY(X'YZ* + XY'Z" + XY'Z")
= XY[Z (Xy]ly + XY' + XY’
= XY[Z' (XY + XY (1 + 1)]
= XY[Z' (XY + XY')]
= XYZ' (X'Y + XY')
40. | Develop sum of products and product of sums expressions for F; and F, from the following truth table :
Inputs Outputs
X Y VA F1 F,
0 0 0 0 0
0 0 1 0 1
0 1 0 1 1
0 1 1 1 0
1 0 0 1 0
1 0 1 0 0
1 1 0 0 1
1 1 1 1 1
Ans. Addneaw col umn containing Minter ms. Now the tabl e
Inputs Outputs Minterms | Maxterms
X Y yA F1 F,
0 0 0 0 0 X" Y| X + Y
0 0 1 0 1 X" Y'| X + Y
0 1 0 1 1 X"YZ X + Y
0 1 1 1 0 X"YZ X + Y
1 0 0 1 0 XY™ z| X' +
1 0 1 0 0 XYz X ‘' +
1 1 0 0 1 XYz'| X' +
1 1 1 1 1 XYZ | X' + Y
Now by adding all the minter ms f eordp rwohd uccht so uet xppurte si
X"vyYz' + X"YZ + XY'Z' + XYZ
Now by addaingeaims fbe which out puwotipriosdulc tisn eFx2p r ewse
X" ' X KYYZXYZ
Now by multiplying Maxterms for the output O0s in
+ Y + Z)(C+XYHEYX+ Z2'Y (K Z)
Now by multiplying Maxterms for the output O0s in
+ Y + Z)( X + Y + Z')Y( X' + Y + Z)Y( X' + Y + Z')
41. | Obtain a simplified expression for a Boolean function F(X, Y, Z), the Karnaugh map for which is given bellow :

YZ o0 01 11 10
X

0 1 1

1 1 1
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YZ Compl etingmapeWeghaea K grou
x . [00]Y'Z' [01]Y'Z [11]yZ [10]YZ' m;+ M sM om
Ans. o | @ rl_ﬂ 0 = X'Y'Z + X'YZ + XY Z + XYZ
0 1 3 2 = X' Z(Yy' + Y) + XZ(Y' + Y)
[1x | o Ll :IJ 0 = X' Z + XZ
- = 5 = Z( X' + X)
=Z
Simplified BooleamapxpseefésXo
42. | Using the Karnaugh technigue obtain the simplified expression as sum of products for the following map.
YZ oo 01 11 10
X
0 - RIE
1 1 1
YZ Compl etingmapeWeghaeae K groug
¥ . [001Y'Z' [011Y'Z [111¥Z [101YZ' m,+ M gM ;M
: =X'ZY + ' XEY XY XY Z
e Du Dirl_gq: = X'Y(zZz +)z') + XY(z + 2z’
Ans. [1]x o 1] Ll_z__lJ - xr oy XY
4 5 & = Y(X + X)
=Y
Simplified Baocsl esaurm eoxXorrpegsesilages ¢
F(X, Y, zZ) =Y
43. | Obtain the simplified expression in the sum of products form, for the Boolean function F(X, Y, Z), Karnaugh map for
which is given below :
YZ o0 01 11 10
X
0 i
) 1 1
Y2 Compl et i ng-md theWe ghawme X, Pai r s
Ans. X [0o]Y'Z' [01]Y'Z [11]¥Z [10]¥Z' Palirizs gmand -2 i,Ba4dmr
. ] = X' WZ 'X'Z+ XYW Z°
e Du Dluglz = YZ' (X" 4H X) + XzZ' (Y + Y
o[ T)] 0 | o (] ZYZ t X% .
1 5 7 Simplified Boolean eXmprregamaemi
F(X, YYZ Z+) X=Z°
44. | Minimize the following function using a Karnaugh map : F(W, X, Y, 2) = (0, 4, 8, 12).
Ans. Yz
WX [00)YZ [01]YZ [11]¥YZ [10]VZ Mapping the gi-nmap, f e Quawn i
[oo]W'x’ TD a. a. 9, Mo+ 4M g 1M
= W X'Y'"Z' + W XY'Z' + WXY'Z
s ol I | I Tl T =W Y Z (X HX'X) o+ WY Z' (X o+
[11]wx 1 0 0 0 = W y"zZ' + WY'Z°
12 13 15 14 — Y' 7 (W’ + W)
fowx | 1] | o | o | o = Y' Z"
Simplified Bool ea-mapxpbsessio
F(w, X, Y, Z) = Y'Z’
45. | Draw and simplify the Karnaugh Maps of X, Y, Z for :
@mo+mi+ms+m; (b)) F=3(1,3,54,7) (€) Mo +mz+ my+ mg
Ans. | (@) my+my+ms+m;
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YZ Mapping the gi-map, f wacPgaeiorns iin ¢
¥ o [00]Y'Z [04]¥'Z [11]¥Z [10]¥Z Palrips ;mand -2 isBa-+imr

- [:1 BRI X' Y Z' + X'Y'Z + XY'Z + XYZ

1 = X' Y’ (Z' + Z) + XZ(Y' + Y)

Xy’ + XZ
[1lx l.'l"1 |1 1| Ds

w

i mplified BooleamapxpeefFsXony
(b)F=3(1,3,5,4,7)
YZ Mapping the gi-mep, f wle cPgaéirn ainnd
X [00]Y'Z' [01]Y'Z [11]¥Z [10]¥Z' Pai rs+ isma md 1@ uzandsmi ;3N m
ox| o fl—? o = X'Y'Z + X'YZ + XY'Z + XYzZ +
2 P e = X Z(Y' o+ Y)+HZKZ(Y' + YY) + X
J = X'Z + XzZ + XY’
[} [1;331?95 = Z(X' + X) + XY’
= Z + XY’
Simplified Booleanmayppises i &n
() Mo +my+ my+ ms
YZ Mappi ngg Vviemnect ikonap jeg e2® asiir. e .
X [00]Y'Z' [01]Y'Z [11]¥Z [10]YZ Palripgs smand -2 iBagdnr
(o]’ 'T] 0 0 1 = X'+ Y XAX¥Z®'® '+ XYZ
0 1 3 =Yz’ (X' + X) + YZ' (X' + X)
[1]x _IJ 0 0 1 -z oY
4 5 7 =2 (Y + YY)
=7

Simplified Bool ea-mapxpeef&f§Xony

46. | Using K-map, derive minimal product of sums expression for the F(X, Y, Z) whose truth table is given below :
X Y Z F
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
Ans vz Compl et immagp thlye plih ¢ fper @ du'cewse Oget 2
: x S\ [00]¥+Z [01]1Y+Z'[11]y'+Z[10]Y+Z Pa-l rMys ;Mand -2 NFBagiMwr
Reduced expression are as foll ows
[o]x mﬂ 11 13[?2 For -1Pai(rY + Z) ) (as
For -2Rai(rY’ + Z) (
[ilx'uj 1 1 u Hence -9 neaxiprPessi on wi l |l be
4 5 7 ]
F(X , Y, Z) = (Y + zZ) (Y + Z)
47. | Using map, simplify the following expression, using sum-of-products form :
(@) A’'B’C'+AB'C’'+ ABC + A’'B’'C
(b) ABCD +A’B’C’D + A'BCD + A'B’CD + ABCD’
Ans. | (a) A’B’C'+ AB’C’+ ABC + A'B'C
BC Mapping the gi-map, f ed@etnv s in. &
A [00]B'C’ [01]B'C [11]BC [10]BC’ Palirigsmmand -2 i®smjinr
, = A’B"C” + A'B'"C + A’B’"C’" + AB’
[0]A lulllﬂgnz - A'B'(C' + C) + B'C' (A + A) +
1A || 1 0 1 0 :.A’B: N BT ¢’ + ABC .. ,
—Ja 5 7 & Simplified Boolean exXmpregmapmi s
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FA, )B,= CA”B’ + B’ C’ + ABC.
(b) ABCD + A’B'C’'D + A'BCD + A’B’CD + ABCD’
cD Mapping the gi-mep, fwecgeon2i R
AB\ [00jC'D' [01]C'D [11]CD [10]CD° Palrigsmmand -2 iBmjnr

You notice that mpyperauss atsh
[00]A'B" [15 11[1]3 0| 1 s® notipossible to make a p
=A" B”"C"D’” + A’B”"C'"D + A'"B’'CD
[01]A'B o . 9 JLt), 94 =A"B C' (D" + D) + A'CD(B' + B
=A” B C’ + A’ CD + ABCD’
[11]AB 0 915 @4 Simplified Boolean eXmpre gaaemn
FAB, )CA2 B C’ + A’CD + ABCD’
[10]AB' 0 o 0 o
3 5 11 10
48. | Atruth table has output is for these inputs ;
ABCD =0011, ABCD = 0110, ABCD = 1001, and ABCD = 1110. Draw the Karnaugh map showing the fundamental
products.
Ans. cD ABCD = 0011lz3andA’ B’ACECD> Zm §110
AB\ [00]C'D' [01]CD [11]CD [10]CD’ ABC-D'1001 :QAB_’dC"DABCﬂ). = 1141'10
Mapping ¢thtepuygt-sieenn wBP&ges 1i
[00]A'B' 0 e 0 ; @3 Dz ms+ 1M
You noti cara¢ hsatn gtljeenrdgb mn a a s Bn o
[01]A'B D4 {)5 {)?m adjacent 1 so it is not possi
=A” B’"CD + A’"BCD’ + ABCD' + AB
[11]AB E:'12 [Z'13 Dﬁu =A” B’ CD + BCD' (A" + A) + AB’'C
=A” B’ CD + BCD' + AB’'C’'D
[10]AB' 0 @ 0 0 Simplified Boolean eXmwr gs-m&mn
g 2 4 B F(A, BA'E,CDD)+ =BCD’ + AB’ C’ D
49. | Atruth table has four input variables. The first eight outputs are 0s, and the last eight outputs are 1s. Draw the
Karnaugh map.
Ans. cD Last eight outputs are 1s i.e.
AB\ [00]C’'D’ [01]C'D [11]CD [10]CD' Mg+ of 1 A @\ A |/ M
=ABC' D' + ABC'D + ABCD + ABCD’
[oojae'| O 0 O | @ | =ABC’ (D’ + D) + ABC(D + D') +
=ABC’ + ABC + AB' C' + AB’'C
[01]A'8 0, 9 O 0, simplified Booleamapxpsession
F(A, BABC, H)ABC .+ AB' C' + AB’
[11]AB (1 1 1 1‘]
12 13 15 4
[10]AB' Ll J e B 1Ju
50. | Draw logic circuit diagrams for the following :
(M xy+xy +xz  (ii)(A+B)(B+C)(C +A) (iii) A’'B + BC (iv) xyz + X'yz’
(i) xy +xy’ + Xz (i) (A+B)(B+C)C +A)
Ans.

X A— (A+B)
y I B

Xy
\ xy' —E\\ Xy+XY'+X'2
X'z

™ [A+B)[B+C)[C*+A)

= A

>0

1

(iii) A’'B + BC (iv) xyz + X'yz’
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A—DO— A'B

A'B+BC

BC

51. | Design a circuit (3 input) which gives a high input, when there is even number of low inputs.
Ans. | Fol l owing truth tableFrom truth table we get f ol
there i s even number F = XY zZ2 + X'YZ° + XY’ Z°
X Y Z F Logic circuit for the funct
0 0 0 0 x—{ 01
0 0 1 1 ;‘--Df’"
0 1 0 1
0 1 1 0 I \”Em’"
1 0 0 1 DT—/
1 0 1 0
1 1 0 0 1t o
1 1 1 0
52. | Design a circuit (3 input) which gives a high input only when there is even number of low or high inputs.
Ans. | Fol |l owi nggitwveid ha traibglre From truth table we get fo
there i s even number ¢ F = XY Z2 + X'YZ’ + X' YZ
X Y Z F Logic circuit for the func
0 0 0 0 *—iy xyz
S O I T L™
0 1 0 1 o
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0 | =
53. | Design a logic circuit to realize the Boolean function f(x, y) =x.y +x’ .y’
Ans. |[The circuit diagram for above expression wil!/ be
X
Y Xy+x.y'
o
_D)_
54. | Draw the logic circuit for this Boolean equation : y = A’'B’'C'D + AB’C’'D + ABC’D + ABCD’
Ans. ||l= A’ B’ C"D + AB’' CThe Il ogic circuit for above BO(
= B’ C’ D( A’ +A) + B —{>0— R'CD
= B'C'D + ABC’ D | S=F
2 ﬁ\;Jnsl;'l) T\\\ ¥
=, =
D ARCR"
55. | Draw logic circuit for the following using k-maps :
(i) F(A,B,C,0)=3(1,3,5,9, 10) (i) F(A, B, C) =(0, 2, 4, 5)
(i) F(A,B,C)=3(1,2,4,6,7) (iv)F(A,B,C)=m(1, 3,5, 7)
Ans. | (i)F(A,B,C,0)=3%(1,3,5,9,10)
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co There are three paiThe circuli
AB [o0]C'o [01]C'O [11]cO [10]CO’ b el oOWwW: A
ooaw| 0 | L, 1]3 o | Palg¢m gn reduces
ERIDEaEN Pa2¢m sm reduces L Y ;
— ! PaB3fmm ¢gn reduces &
[igas)| 0 ) 0, ng o And S i rmgdlntOl’C
[10]AB' Da 19 011 @)m Slmpllfled Bool ea-n
map i s
FA, B)CFOA’ B’ O
AB’' CO’
(i) F(A, B, C)=m(0, 2,4, 5)
BC There are two pgaiwvwesn The | ogic circu
pN[OO]Ba{[Dl]ﬂ+C'[11]B'1{'[10]E+C bel ow: % %
[U]AE 1|1 [l_, Pal¢M,) reduces to (A c——z’__ F
9 1 3 Pa2¢(Ms) reduces to (A
Al jo | o 1 Simplified Bool ea-ma
IEIEFEF Jaa])
FA. B, &€ (A + C) (
(i) F(A,B,C)=5(1,2,4,6,7)
BC Ther enhrapreei rts t hat
A [o0]B'C’ [01]B'C [11]BC [10]BC' bel ow:
o | 0 @ 0 T Palf.m ¢gm redBd€es
0 1 il b Pa2¢m m redABes
[1]a 1| 0 [1 1 Pa2¢,m ¢gn reduces
= And sisgis @®B'C
Simplified Bool ea-n
map i s

(iv) F(A, B, C) = (1, 3, 5, 7)

F(A, BCC) +=AB +

\H\C T TherQuadsat reduces a:The |l ogic circu
o Pal (:M3MsM;) redCtes to
a2 ffojo])1 ) Simplified Bool eamap C'—@—F
a1 o | o)) 1
56. | Draw the AND-OR circuit for : y = AB'C’'D’ + ABC'D’ + ABCD
Ans. | Reduced expression foANDR circuit is as foll owit
foll ows A
= AB' C' D+ ABQ@BC' D' E:E; i
= AC’'"D" (B’ + B) + ABC
= AC'D’ + ABCD g
57. | Derive a Boolean expression for the output F at the network shown below :
_Dﬁ}«; :
Ans. : (AR )
Boolean expression for the output F is (A’B’ + CD)
58. | Convert the above circuit into NAND-to-NAND logic circuit.
Ans. | The given Boolean expression can be written as
= (NOT((NOT A) NAND (NOT B)) NAND (C NAND D))
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A'_D— ('AB')

NAND

B'— o {A'B'+CD) ;
@E%
G (co)'

NAND

59. | Why are NAND and NOR gates more popular?

Ans. [NAND and &dO& matespopul ar as these are |l ess expen
AND, OR) can easily be i mplemented using NAND/ NOH
Gates.

60. | Draw the logical circuits for the following using NAND gates only :

() xy +xy’z +xyz (i) ABC + AB’C’ + ABC

Ans. | (i) xy+xy'z+xyz (i) ABC + AB’C’ + ABC
The given Boolean expres
= (x NAND y) NAND (x NANMNThe given Boolean expres
NAND (x NAND y NAND 2z) = (A NAND B NAND C) NANEL

x (xy)' (NOT C)) NAND (A NAND B
NAND o
X Xy +Xy'Z + Xyz B NAND e
X o c 3
V—D_@M= NAND) . ABC+AB'C'+A'BC
z % @ﬂlcl NAND
e ==
A "
£ B NAND pABC
c
61. | Draw the logical circuits for the following using NOR gates only :
HX+Y) . (X+Y) . (X+Y) (i) X+Y+Z). (X+Y +2)
Ans. | ()(X+Y).(X+Y). (X+Y") (i (X+Y+2).(X+Y +2))
The given Boolean expresThe given Boolean expres
= (X NOR Y) NOR ((NOT X)= (X NOR Y NOR Z) NOR (X
(NOT Y)) §
(X+Y+Z)
X (x+Y) Y O
— “i :
MAY) (X)L (XY')
s ; NOR
x —) n X
v bexal Y—)
& 7 —I: (X+Y'+Z')
v —» o)

62. | Draw the logical circuit for the following function using NAND gates only F(a, b, ¢) = 3(0, 3, 4, 7)

Ans. be There are two pair The |l ogic cilrcws:
a\ [0o]b'e’ [01]b'e [11]be [10lb¢ P e | o W: b— o (bcy

[0]a.|1| Dm 0 Palfom Jm reduces to g~ |"
1 : 2 P.a-2¢3m.7)n_reduces t o s
fllalij Du 0 Simplified Bool ean , : I———
4 5 7 6 . (bg)'
ma p |1 S . NAND
F(A,B,C) = b’ c’' -
63. | Draw the simplified logic diagram using only NAND gates to implement the three input function F denoted by the
Ans. | expression:F=3%(0,1,2,5).
\ic There are two pair The |l ogic circuit
a b'c’ [01]b'c [11]be [10]be’ . D
[00]b'c [01]b'e [11]be [10] bel ow: . e
[U]a'llmo [Z] Palfom Jn reduces to g
0 3 Pa2 ¢m gm reduces to o F
0 lﬂ 0 0 Simplified Bool ea-n ,
[1]a " : 3 S o Qs t:_D_I L
F(A,B,C) = a’'c’
64. | Give an example for each of the following :
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(i) aboolean expression in the sum of minterm form
(ii) a boolean expression in the non canonical form.
0
[

Ans. |[For a functio Z)
(i) Sum of miuis pression is
Xy~)_(?Z+XVZ+XYZ /
. . -of-products .
(||)cah<lco)m|calVZ+Z)<_+W .eoum
X Y 1 hw thao rircuit che
65. | What function is implemented by the circuit shown
X
¥ j’@f Output
z
(@ xy +z (b) (X +y)z (c) xXyz (d) X +y +z (e) none of these
Ans. | (e) is correct answer
66. | What function is implemented by the circuit shown
X
Y D—Ou‘tpui
W
(@) x+y+z (b) x+y+7 (c) xX'yz (d) x’+y'+z"  (e) none of these
Ans. (b) is correct answer
67. | What function is implemented by the circuit shown
X \_-‘“\ —
Y j/_// ) _“\;‘p—OU‘tpui
z | i/
¥
(@) xz'+y (b)xz+y @xz+y  (d)xy+yzZ (e)Xy +yz
(e) is correct answer
Ans.
68. | Which gate is the following circuit equivalent to ?
T
}:D—Dutput
Y
O '
(a) AND (b)) OR  (c)NAND (d) NOR  (e) None of these
Ans. )
(c) is correct answer
69. | Which of the following functions equals the function : f = x + yz'?
@xy'+z) (b)(y+x)(Z +x) (©) (y+x)(x'+z')  (d)None of these
Ans. (b) is correct answer
70. | Any possible binary logic function can be implemented using only.
(a) AND (b)) OR () NOT  (d) AA (anyone is sufficient) (e) NAND
Ans. | Try by Yourself.
71. | The function in the following circuit is:
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D
| DD

(a) abcd (b)ab+cd (c)(a+b)(c+d) (d)a+b+c+d (e)(@ +b)+(c +d)
(e) is correct answer

72. | GivenF=A'B+(C’ +E)(D +F’), use de Morgan’s theorem to find F’.
(@) ACE’ +BCE’+D’F  (b) (A+B")(CE'+D’F) (c)A+B+CED’F

(d) ACE’+AD’F+B’CE’+B'CE’ +B'D'F (e)NA
Ans. | A’ B + (C' + E)Y(D + F')= (A B) + ((C + E)(D + F
= (AB") + (C* + E)" (D + F')
= (AB") + (C + E") (D" + F)
= (A + B")(CE' + D'F)
So , F' = (A + B")(CE' + D' F)

73.

(@ xX+y+z (b)x+y+z ()x7+yz (dyxy+z (e)z
Ans. | (c)is correct.

74. | Try Harder Simplify the following: {[(AB)'C]D]}’
(@ (A’+B)C+D (b)(A+B)C+D" (c)A+(B'+C)D (dA'+B’+C'+D" (e)A+B+C+D
Ans. | Try by Yourself.

75. | Give the relationship that represents the dual of the Boolean property A+1 =17
[Note. * = AND, +=OR and * = NOT]
(@ A.1=1 (b)A.0=0 ()A+0=0 (@@A.A=A (e)A.1=1
Ans. | The relationship that represents the dual of the

76. | Simplify the Boolean expression (A +B + C)(D + E)’ + (A + B + C)(D + E) and choose the best answer.

(@ A+B+C (b)D+E (c)A'B'C’ (d)D’E’ (e) None of these

Ans. |( A+B+C) (D+E) =( A+BAGB+CDt{PBPPESD+EpPU)i ve Law)
=(A+B+C). (1) (X+X" =1)
=A+B+C

Sos,i mplification of the Boolean exprdads8it€&€n (A + B

77. | Which of the following relationship represents the dual of the Boolean property x + X'y = x +y?
(@) x'(x+y)=xy" (b)x(xXy)=xy (C)x*x'+y=xy (d)xX(xy’)=xy" () x(X+y)=xy
Ans. [ The relationship X * x' + y = Xy represents the

78. | Given the function F(X, Y, Z) = XZ + Z(X’ + XY), the equivalent most simplified Boolean representation for F is :
(@Z+YZ (b)Z+XYZ (c)XZ (d)X+YZ (e)None of these
Ans. | XZ + Z=XX' # XY )Z( dti sXtYrZwhbuti ve La
=Z( X+X’' ) *+diXsftZraw)uti ve L
=Z(1) + X{YC€ompl emewm)t arity La
=Z+XYZ (ldentity Law)
The equivalent most simpl iZf+XeYdZ Bool ean represent g

79. | Simplification of the Boolean expression (A +B)'(C+D +E)'+ (A +B)’ yields which of the following results?
(@ A+B) (b)AB’ (c)C+D+E (d)C'D’E’ (e)A'B'CDE’

Ans. |(A + (BD) + D += (BA+B)+¥ ((AC¢t+D+E))'d1l) Law)

(A+B)’ .1 (l dentity Law)

=(A+B)"’ (ldentity Law)
=A" B’ (DeMorgan’s Law)
Sos, mplification of the Boolean eApBession (A + B)

80. | GiventhatF=AB"+C+D’+E’, Which of the following represents the only correct expression for F'?
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(@ F=A+B+C+D+E  (b)F=ABCDE (c)F =AB(C+D+E)
(dFF=AB+C' +D’'+F (e) P =(A+B)CDE

Ans. | [ F = A"B'"+ C'+ D'+ E'
Taking complement on both sides
F = (A"B"+ C'+ D'+ E'")’
=(A*B" )" . (C" )" (D) (E")"
=(A+B). C.D. E
So, (A + B)CDE represents correct expression for
81. | Anequivalent representation for the Boolean expression A’ + 1 is
@A GBA ()1 (o
Ans. |[An equi valent repreesemritassiomn fA'r +# hle iBool ean
82. | Simplification of the Boolean expression AB + ABCD + ABCDE + ABCDEF yields which of the following results?
(a)ABCDEF (b)AB (c)AB+CD+EF (d)A+B+C+D+E+F (e)A+B(C+D(E+F))
Ans. AB + AB&@ ABEBED+ ABCDEF
=(AB +ABC) + (ABCD («CAhBCME)at+# vAeBCRBEF Law)
=AB + ABCD +ABCDEF (Absorption Law)
=AB +( ABCD +ABCDEEK)YXommutative Law Law)
=AB +ABCD (Absorption Law)
=AB
So, simplification of the BooleanABxpression AB +
83. | Given the following Boolean function F = A*BC* + A*BC + AB*C
(a) Develop an equivalent expression using only NAND operations, and the logic diagram.
(b) Develop an equivalent expression using only NOR operations, and the logic diagram.
Ans. | (a) Develop an equivalent expression using only NAND operations, and the logic diagram.
The given Boolean expression can be written as
= (A NAND B NAND C) NAND (A NAND B NAND C) NAN
The | ogic diagram is as following
C
: nanp b lABCY M
C
==
C
(b) Develop an equivalent expression using only NOR operations, and the logic diagram.
Try by Yourself.
84. | For the logic function of F(A, B, C,D)=3%(0, 1, 3,4, 5,7, 8, 10, 12, 14, 15).
(a) Show the truth table (b) Write the SOP form (c) Write the POS form (d) Simplify by K-map.
Ans. | (a)Show the truth table

Truth table for the given function is as following :

A C D F Minterms | Maxterms
1 A’ B’ A+ B+ C
1 A’ B’ | A+B+C
A" B’ | A+B+C
1 A" B | A+B+C
A" BC| A+B’ +
1 A" BC| A+B’" +
A" BC| A+B’ +
1 A’ BC/A+B’ +
1 AB' C| A" +B+
AB' C| A’ +B+
1 AB' C| A’ +B+
AB’ C/A’” +B+
1 ABC’' | A" +B”’

[EnY

RlR|k|R|r|lo|lo|lo|lolo|lo|o|lo
R|lolo|o|o|r|k|k|F|lo|lo|lolo|m
o|lr|r|o|o|r|r|lololr|r|lolo
o|lr|o|r|o|r|olr|lolr|o|r|o
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1 1 0 1 ABC'|A’ +B’
1 1 1 0 1 ABCDH A’ +B’
1 1 1 1 1 ABCDA’' +B’ -
(b) Write the SOP form
Adding all the minterms for which output
A’B"C"D’” + AB"C'"D + A"B”"CD + A’'BC’'D’
Thi s rdeedsiCanooafcalbu&tumfor m.
(c) Write the POS form
By multiplying Maxterms for the output

(A+B+C" +D)( A+B’' +C’ +D) (
Thi s ried dCeasio niodSaulm Hroodmuc t
(d) Simplify by K-map

A" +B+C+D’" ) (

0s,
A’ +B+C’" +D")

we get

2 CD[OOICDI[Omln[“]m[m]m Mapping the gi-mep, fwecgeobn2ipaar
— Pal¢m ;m reduces to ABC as D remo
gk lofl_im-a Sis Pa2¢:m »m reduces to ACD’' as B r em
[o1]a'B lﬂLl_g_;ly o, Quald(om sm gm ;0 redCt®s e A and B
[11]AB x| | & (1 114 Quald(;m sm sm )m reduces to A'"D as B
ome | |2 . D“ . Simplified Booleamapxpsession fo
L s : 1] L b F(A, BBC) += ACD’ + C'"D’ + A'D
85. (@) Implement the following Boolean expression using only NAND gates.
F=(A+B+C)(A+B)(A’+C)
(b) Construction a NOR function by only NAND gates.
Ans. [ Try by Yoursel f.
TYPE C : LONG ANSWER QUESTION
1(a) State and verify De Morgan’s law in Boolean Algebra.
Ans. |[DeMorgan’s theonemsX'sr)gi(eX).tyhat= X' (+i )Y’
(i) (X+Y)y=X.Y’
Now to prover sixerbiohregowne’ wi f i use complementarity |
Let us assume that P = x + Y where, P, X, Y are
P P+ 1 ard O P
That means, if P, X, Y are Boolean variables hen
P i .(eX ,+ iYf)h'em X' . Y’
(X H XMys#t be equal to 1. Xz 1)
(X A XWidst be equal to 0. Xz 0)
Let us prove the first part, i.e.,
(X +X¥9 1+
(X +H X)) (H Xy +(¥X)y+ Y) + (
= (X% &) .YO)X + Y +
= (1 + Y). (X + 1) (refXz1x +
= 1.1 (re#f . X =1)
= 1
Sor dti part is proved.
Now | et us prove the second part i.e.,

(X « X¥W) 0.

(X « X¥)) XY) (X + Y) (ref. X(YzZz) = (XY)Z
=( XX )(¥XY) "’ (ref. X(Yy + 2zZ) = XY
= ( X ¥XYY’
= 0X.YO+ (retXz0X
= 0 + 0 = 0

So, second pahuxi s XaM'so proved,
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(i) (X.Y)=X"+Y’

Agation prove this theorem, we wil!/ make use of con
X X& 1 Xz 0 and X .

I f XY's complement is X + Y then it must be true

(a) X¢Y) +=(1 Ahd ¥ O (b)) XY(

To prove the first part
L. H. SX#£)yXYy + (
=X{Y)y + XY

= X[ #Y'X) #{'Y) (ref. (X + Y)(X + Z) = X
= (X yX% Yy +
= (YIX#¢ 1) X=1)
=11 1 (ref. 1 + X =1)
=1=RH&E R. H. S
Now t he sie, d part i .e.,
XYX+Y)=0= 0
LH S5 (08 YY)
=X X*XY’ (ref. X(Y + zZ) = XY +
=XXY +Y’'XY
0 Xor + X=0)

0 += R.H.C05.
XYXHY)= Oand X'+Y)y XY 1+ (
( X¥X" .+ YHence proved.

1(b). | Draw a Logical Circuit Diagram for the following Boolean Expression

X.(Y'+2)
Ans. |[The Logical Circuit Diagram for the Boolean Expr
-
Y —

z Y'+2Z

1(c) Convert the following Boolean expression into its equivalent Canonical Sum of Product Form (SOP).
X+Y+Z).(X+Y+2).(X+Y' +2)
Ans. |[Given (X' + Y + Z'). (X' + Y + Z). (X' + Y + Z')

(1 + 0 + 1) (1 + 0 + 0) (1 + 1 + 1)
=Ms. B M M
= (@M 6,5,7)

>(O0, 1, 2, 3)
o 1M oM M

SOP is equal to(excluding position of minterm
= X'Y'Z + X'Y'Z + X'YZ' + X'YZ

1(d) | Reduce the following Boolean expression using K-map
F(A, B, ,C,D)=3(0,2,3,4,5,6,7,8,10,12)

Ans. €D
HEN A W i L There are 1 Pair and 2 Quads that
toowes| | 1, Dir:_qz Pa(igw ;1 reduces to AB’' D’
s Al °EL1_,_1J5 Qu ald(om s | gn reduces to C’' D’
nuse | [1] 1 0 | o | o, Quad(,m 3 ¢m ;m redAtE€s t o
, Simplified Bool ea-mapxpbsession f ol
o [ (] 0] o0,) (o] F(pA, B, C, D) A' @B’ o° 4 c b 4

2(a). | State De Morgan’s Theorems and verify the same using truth table.
Ans. De Morgan’'s First theor De Morgan

s Second theor

Truth Tablsde ftdreor em. Truth Table for second t
X Y X |y X+Y | (X+Y) | XY X Y X 1Y XY | (XY) | X+Y
0 0 1 1 0 1 1 0 0 1 1 0 1 1

0 1 1 0 1 0 0 0 1 1 0 0 1 1
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1 0 0 1 1 0 0 1 0 0 1 0 1 1
1 1 0 0 1 0 0 1 1 0 0 1 0 0
From Truth Table it is From Truth Table it is p

2(b).

Ans.

Write the equivalent Canonical Product of Sum Expression for the following Sum of Product Expression : F(X, Y, Z)
=3(0,2,4,5)

Given SOP exprg€8jod, :4F(X) Y, Z) =
Equivalent POS expression : m(1, 3, 6,
Equi val ent POS exMmieM si on wi || be = M
M1

M3

(0O + 0 + 1)’ S Maxter (X
(0O + 1 + 1)'S Maxter (X + Y’ + Z7)
M6 (01) '+S IMatxterm = (X' + Y' + Z)
M7 (2 + 1 + 1)'S Maxterm = (X' + Y + Z')
Equi valent POS will be

m =
m =

F(X, Y, Z) = (X + Y + Z). (X + Y + 2z2').

2(c).

Ans.

Write the equivalent Boolean expression for the following Logic Circuit.

_-[)O- |
) Siad

The equivalent Bool ean expression for the given

2(d).

Ans.

Reduce the following Boolean expression using K-map :
F(A,B,C,D)=T11(5,6,7,8,9,12, 13, 14, 15)

cD
AB

[00]C+D [01]C+D" [11]C'+D'[10]C'+D T h er e ar e 1 P a I r an d
e AR Pa(iiM )™M reduces to (A + B’ +

ouas| 1 |[o [o|7 o]s Quald(eM MM M reduces t
[11]A%8" ouwﬂ LD_,.,_‘JM Quaal(gM oMy 1M reduces t

Simplified Bool ea-mapxp
Locas L"_g_‘ﬂ Ll M F(A,B,C,D) = (A + B’

o © O
—~
>

h
)
C
C
f

(

’

3(a).
Ans.

State DeMorgan’s Laws. Verify them using truth tables.
De Morgan’s First(XHf¥e)r De Morgan’s Second theor
Truth Table for first tTruth TBeklomdf drheor em.

X XY | XY | (X+Y) | XY X XY | XY | (XY) | X+Y’
0 1 0 1 0 1 1
0 1 1 0 0 1
1 0 1 0 1 0
1 0 1 0 1 0
From Truth Table it is From Truth Tabl

ROk |o|<

R|o|r|o|<

O, Ok
OO0k
Ol Ok

1
1 1
1 1
0 0
e

it is p

3(b).
Ans.

Prove (A+B).(A’+C)=(A+B+C).(A+B+C").(A’+B+C).(A’ + B’ + C) algebraically.

RHsS = (A + B + C). (A + B + C'").(A"” + B + C). (A
(A + B)(C + C"). (A" € €)cB=%2,BB)+ B’ =1)
(A + B). (A + C)

LHS

3(c).

Ans.

Obtain a simplified form for a Boolean expression :
FX, Y, Z,W)=5(0,1,4,5,7,8,9, 12, 13, 15) using K-map method.
IwW

XY ol w Jzw Lunw Lomw There arel 10cRhkeatr meduce as given

ooport) [ & o) 2]l 9yl %y Pa(in+ 0 red¥Z®Ws t o

5 - " 0 - Oct gt (1m 4 sM gl oM 1@ 1m educzes to

o | | i u‘ Simplified Bool eamapxpsession fo
= z o FX, Y) Z&YZW + Z°

; 1 1 0
Bopert A 5l S 1 10

[o1]x'Y 1 1 1

3(d).

Draw the circuit diagram for the Boolean function F(X, Y, Z) = (X" + Y)(Y’ + Z) using NOR gates only.



http:\\cbsecsnip.in

Ans. | The circuit diagram for the given Boolean function is as following:
"_l:-’_-.\:“S’;;R (X +¥]'
Y — j;:; XHY)(+Z)
e /__/~
3(e). | Expressin the POS form, the Boolean function F(A, B, C), the truth table for which is given below :
A B C F
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
Ans. |Thdesired CanoBumafloPmodschs foll owing;
F = m(O, 2, 4, 6) = (A + B + C)(A + B + C)(A
4(a). | State the distributive law. Verify the law using truth table.
Ans. |[Di stributti et | @av) sX@Ye+2Z2) = XY + XZ (b)) X +
(@) X(Y +Z) = XY + XZ
To prove this | aw, we wil| make a following trut
X Y VA Y+Z XY XZ X(Y +2) XY + XZ
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 0 1 1 1
1 1 0 1 1 0 1 1
1 1 1 1 1 1 1 1
From truth taXl(e i+tZ)i s XrYo we XtZh a't
(b)) X+YZ=(X+Y)(X+2)
X Y VA YZ X+YZ XZ X+Y X+Z X+Y)(X+2)
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 0
0 1 0 0 0 0 1 0 0
0 1 1 1 1 0 1 1 1
1 0 0 0 1 0 1 1 1
1 0 1 0 1 1 1 1 1
1 1 0 0 1 0 1 1 1
1 1 1 1 1 1 1 1 1
From truth table it is prove that X + YZ = (X +
4(b). | Prove x + X'y =x +y algebraically.
Ans. |[LHS = x + x'vy
= (x + x'")(x +(y + YZ = (X + Y)(X + Z) Distrib
= X + y (x + x’ =1)
= RHS
4(c). | Write the dual of the Boolean expression (x +y).(x" +y’)
Ans. |[The dual of the given Bool ean expression is xy +
4(d). | Minimize F(w, X, Y, z) using Karnaugh map
F(w, x,v,2)=5(0, 4, 8,12)
Ans.
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\‘F
WENloolyz [0y [ily: [0y

s T5T] § o [ & Theirs®Qud ¢+ ,m gm mt hat gtedwce’
= LN R S Simplified Booleamapxpsession f ol
(02 ]w'x 14 l:)5 07 l)6 F\.(J, X),y_—LyZ,, z
[12]urx lu Du 01: 0“
[10]wn' Ls Dg D” Dm
4(e). | Represent the Boolean expression (x +y)(y + z)(z + x) with the help of NOR gates only.
Ans. x
Y
(xty)ly+z)(z+x)
¥
i%m}n (=4x)'
4(f). | Write sum of products form of function F(x, y, z). The truth table representation for the function F is given below :
X y z F
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
ANS. | The desired-o@®amodmicdalf oSumis as foll owing;
F>2, 4, 7) = x'yz'’ + xy' z'’ + Xyz
5(a). | State and prove DeMorgan’s Theorem (Any One) algebracaly.
Ans: |DeMorgan’s theone&msX'sri)y'i(eX).tyhdt= X' (+i )Y’
(i) (X+Y)y=X.Y’
Now to prover sixerbiohregowne’ wi f i use complementarity |
Let uUus assume t hat P = x + Y where, P, X, Y ar e
P P+ 1 ard O P
That means, i f P, X, Y are Boolean variabl es hen
P i .(eX ,+ iXf)h'emm X' . Y’
(X +H XMysit be equal to 1. X= 1)
(X « XWipst be equal to 0. X= 0)
Let us prove the first part, i . e. .,
(X +X¥9 1+
(X H X)) (X +(¥YXy+ Y) + (
= (X% ). .0OX + Y +
= (1 + Y). (X + 1) (refxz1lXx +
= 1.1 (red . X =1)
= 1
Sor d§ti part is proved.
Now |l et us prove the second part i.e.,

(X « X¥W) 0.

(X « X¥) XY) (X + Y) (ref. X(Yz) = (XY)Z
=( XX )(¥XY) "’ (ref. X(Yy + 2zZ) = XY
= ( X ¥XYY’
= 0X!YO+ (reiXz0X
= 0 + 0 = 0

So, second pahuXi sXaM'so proved,
5(b). | Given the following truth table, driven a Sum of Product (SOP) and Product of Sum (POS) form of Boolean
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expression fromiit :

X Y Z G(X, Y, 2)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

ANS. | The desired-o@®amdmicdalf oSumis as following;

G=>(1, 2, 5, 7) = X'¥Y'"Z + X'YZ' + XY'zZ + X
The desired Coffomifcad mProdastfoll owi ng;
G= n(o0, 3, 4, 6) = (X + Y + Z)(X + Y + Z’

5(c). | Obtain a simplified form for the following Boolean Expression using Karnaugh’s Map :

F(u,v,w,2)=3%(0, 3,4,5,7,11, 13, 15).
Ans. E : : There are 2 Pairsaandi YeQubdel otwh:
[00]w'z" [01]w'z [11]wz [10]wz’
B — Pai(rpr jmeduces to u’ w' z’
[00]u'v [T 1] 1_ 0 y
= : 2 2 Pa2reg+ g3t educes to vw’' z
o1y liamgl; N Quadft mm m ;J)r educes to wz
[1luv °um315°m Simplified Booleamapxpsession fol
O & - o, FU, v),u=ww’ z' + vw z + wz
5(d). | Draw the logic circuit for a Half Adder using NOR gates only.
Ans.
&
2 s
B
Half adder using NOR logic
5(e). | Interpret the following Logic Circuit as Boolean Expression :
A
B — >0 | .
D

Ans. |[The equival ent Boalieveem exopgriecs sCiiarc ufiar itshe F = (W

6(a). | State DeMorgan’s Laws. Verify one of the DeMorgan’s laws using truth tables.

Ans. |De Morgan’'s First theorem. I't states that (X+Y)'’
De Morgan's Second theorem. It states that (X.Y)
Truth Table for first theorem.

X Y | XY | OX+Y | (X+Y) [ XY
0 0 1 1 0 1 1
0 1 1 0 1 0 0
1 0 0 1 1 0 0
1 1 0 0 1 0 0
From Truth Table it is proved that (X+Y)' = X'.Y

6(b). | ProveX+Y'Z=(X+Y"+Z)(X+Y +Z)(X+Y +Z) algebraically.

Ans. | Tr yYdwyr sel f .

6(c). | Write the dual of the Boolean expression (U + W)(V'U + W)

Ans. |The dual of the given Boolean expression is UW +

6(d). | Obtain a simplified form for a Boolean expression :

F(u,v,w,2)=5(0,1, 3,5,7,9, 10, 11, 12, 13, 14, 15( using Karnaugh Map.
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Ans. e e There are GctbPetat sraddcé& as given
=5 bl Pai(rgp# )meduces to u’'v' w’
o) (B |(8)) %) 0, Pa2(rm+ /Y educuevsw't o
ol 0 (3] 3 9% Pa3(rmgt p)r educes to uwz'’
muw | (L JT9),) 2|, [Tm Oct et (#m sm ,m oM ;@ B y educzes t o
el e (5] 15 u Simplified Booleamapxpsession fol
ol A2 F(u, vu’' wuw'wdwz' + 2z
6(e). | Represent the Boolean expression X +Y . Z' with the help of NOR gates only.
Ans. § §N;\R\0_ 5
hu st j\'m)ﬂ: KeY.2'
e
6(f). | Write the Product of Sum form of the function H(U, V, W), truth table representation of H is as follows :
U \Y w H
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
AnS. |The deanoebdcadSPmofdarcm is as foll owi ng;
H= m(1) WB,H 4yU+#sy Wa+ Yy (v+w)u V+ Wy
7(a). | State and prove the absorption law algebraically.
Ans. |[Absorption | aw statesX{NKat {))=XX+ XY = X and
(i) X + XYy = X (ii) X(X + Y) = X
LHS = X + XY = X(1 + LHS = X(X + Y) = X
= X 1 1 + Y = 1] = X + XY
= X = RHS. Hence = X(1 + Y)
= X . 1
= X =H&HEe provi
7(b). | Given the following truth table, derive a sum of product (SOP) and Product of Sum (POS) form of Boolean
expression fromiit :
A B C G(A, B, C)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
The desired-o®Pamadmuuicdaalf oSumi s as foll owi ng;
Ans. G=y(1, 2, 5, 7) = A'B'C + A'BC' + AB'C + A
The desired Coafdomifcad mProdastfoll owi ng;
G= m(o0O, 3, 4, 6) = (A + B + C)(A + B’ + C') (A
7(c). | Obtain a simplified form for the following Boolean Expression using Karnaugh’s Map :

Ans.

F@a, b, c,d)=%(0, 1,2, 4,5,7,8,09,10, 11, 14)
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ed There are 3 Pairs and 2 Quads

t |

ab\ [00]c'd' [01]c'd [11]ed [10]ed" P 5 4(rg+ Jmeduces to a’'b’ d’
fooja’e’ [ (1] [ 1) °-;E Pa2(rgw - meduces to a’'b’d
o1} | |1 B 1) . Pa3(rms+ gr e d ucaecsd 't o
e = 7 J Quald(om m 4m sm redates to
fti}ab | 9 8. O |1 Qu a2d(gm om @t 1AY e ducaebs t o
[1o]ah-[1 1 1 1 Simplified Bool eamapxpsession f ol
= e F4d, b,azcbtaddrrad#dd’ ¢’ + ab’
7(d). | Draw the logic circuit for a Half Adder using NAND gates only.
Ans.
A
B—:-:]:}'_0 >
—
Half adder using NAND logic
7(e). | Interpret the following Logic Circuit as Boolean Expression :
Ans. |The equivalent Boolean expressi.oW f®rZ}he given
8(a). | State Absorption Laws. Verify one of the Absorption Law using truth table.
Ans. |Absorption | aw states that (i) X + XY = X and
Truth Table for X + XY = X
X Y XY | X+XY
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1
From Talitd it is proved that X + XY = X
8(b). | Verify X.Y'+Y'.Z=X.Y'.Z+X.Y’.Z' + X.Y’.Z algebraically.
Ans. |[RHS = X.Y'.Z + X.Y'.zZ2' + X' .Y .Z
= X.Y'"(z + Z') + X' .Y .Z
= X.Y + X'.Y .z
= X.Y + Y' (X + XxX0xz3y X' = 1)
= X.Y' + Y'.Z
= LHS
8(c). | Write the dual of the Boolean expression A+B’. C
Ans. |[The dual of the given Boolean expression is A. (B
8(d). | Obtain a simplified form for a boolean expression
FU,V,W,2)=5%(0,1,3,4,5,6,7,9, 10, 11, 13, 15) using Karnaugh Map.
Ans. Usz[oo]w'z'[01]w'z[11]wz[10]wz' There are 3 Pairs and 1 Octet t
—— Palfm Jn reduwt & Zt o
ox mo Y M9, Pa2fm )m redWt®W to
owuv | | 1], 15[1’ 1]5 Pa3 ¢t ;m reduWd¥ées to
ginv | o 1 1 0, Oc t(eat szm sm ;Me+ . B 0 redidces to
e ‘| Simplified Bool ea-mapxpsession f o1
wowv | o N | [1), 1] FY, V) UWWHZ" VAW V' AE

8(e).

Represent the Boolean expression X . Y’ + Z with the help of NOR gates only.
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Z—T"I_N‘OR
Ans. ‘ﬂ>]9h "\"j> xysz
e
8(f). | Write the Product of Sum form of the function H(U, V, W), truth table representation of H is as follows :
U vV W H
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0
AnS. IThe desired Cafdwmifcadl mProdastfoll owi ng;
H= n(2, 4, 6, 7) = (U + V' + W (U + V + W)/(U
9(a). | State the distributive law and verify the law using truth table.
Ans. |[Distributive | aw state that (a) X(Y +2) = XY + X
(@) X(Y +Z) = XY + XZ
To prove this | aw, we wil| make a following trut
X Y VA Y+Z XY XZ X(Y +2) XY + XZ
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 0 1 1 1
1 1 0 1 1 0 1 1
1 1 1 1 1 1 1 1
From truth taXi(e/ i+tZ)i s XrYo we XtZh a't
(b)) X+YZ=(X+Y)(X+2)
X Y VA YZ X+YZ XZ X+Y X+Z X+Y)(X+2)
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 0
0 1 0 0 0 0 1 0 0
0 1 1 1 1 0 1 1 1
1 0 0 0 1 0 1 1 1
1 0 1 0 1 1 1 1 1
1 1 0 0 1 0 1 1 1
1 1 1 1 1 1 1 1 1
From truth table it is prove that X + YZ = (X +
9(b). | Prove XY +YZ+Y'Z=XY +Z, algebraically.
Ans. |[LHS = XY + YZ + Y’ Z
= XY + zZ(Y + M » Y = 1) (
= XY + Z
9(c). | Obtain the simplified form of a boolean expression using Karnaugh map “

Ans.

Fw, x,y,2)=5(2,3, 6,10, 11, 14)
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Yz
WX

ol fouhe Culve B9 ~ There are 1 Pair and 1 Quad t hat
(oo | O 0183 1| Paig+ (gm reduces to x'yz
— g " " . Quady+(gm 1t 0 reduces to yz'’
L 5 7 El Simplified Bool ea-mapxpsession f ol
o Dlz 013 l:)15 114 F(W' X, Y. Z) = x’yz + yz'
[10]wx’ g 8 9 9 EL _l;n
9(d). | Represent the Boolean expression (X + Y)(Y + Z2)(X + Z) with help of NOR gate only.
Ans. j\>m]
TN (XY (r2)(+2)
=Sl
Z—imi/[mz]
9(e). | Given the following truth table, write the products of sums form of the function F(x, y, 2):
X y Z F
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
AnS. The desired Cofdfomifcad mProdastfoll owi ng;
F = m(O, 3, 4, 6) = (x + vy + z)(x + vy’ + z7 ) (
10(a). | State and verify Duality principle.
Therincdpakt ®fes that starting with a Boolean rel
1 .Changing each OR sign(+) to an AND sign(.)
2. Changing each AND sign(.) to an OR sign(+)
3. Replacing each 0 by 1 and each 1 by 0.
For ewaomgitiudtlaf & 0 + 0 = 0 (b) 0 + 1 = 1 (c) 1 +
Now accorrdincg ptleee odhamngedty+' to * .° and 0 to 1.
These éedomda . 1 = 1 (ii) ,Wwhi chamep@sst iui ayeOll 11
Soii, iii, iv are duals of a, b, c¢c, d.
10(b). | Prove algebraically X'y'z’ + X'y'z + X'yz + X'yZ' + Xy'Z’ + xy’z=x"+y’
Ans. |LHS = x’' vy’ z’ + x'y’'z 4+ x'yz + XxX'yz’ + xy' z’ + XYy
= x'y’ ' (z' + z) + x'VA'z + '3 M, xzy'H zzZ' += z1))
= x'y’ + X'y + xy’
= x'(y' + y) + xy’
= X' + xy’ by + y = 1)
= x4 (x') 'y Ix = (x')")
= x' + y’ la + a’bl x"a++xly’ = x’' + y’
= RHS
10(c). | IfF(a,b,c,d)=%(0,1,3,4,5,7,8,9,11, 12, 13, 15), obtain the simplified form using K-Map.
Ans. e
=0 \[00led (011 d [1tlod fadled There are 1 Quad and 1 Octet t he
B2 of L[ H Pai ¢+ ¢mmm ;n redodes to
oxil| | 1 | LI EL O, Qu a do+ (1M ,m s g oM . gn reduaotes to
eru o I 0 1 I Simplified Bool eamapxpsession f ol
i \E Ll [[a]] & Fq , b,c=kc,” d
10(d). | Seven inverters are cascaded one after another. What is the output if the input is 1?
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Ans.

0

10(e).

Given the following circuit :

—o—1

What is the output if
() both inputs are FALSE
(ii) one is FALSE and the other is TRUE ?

Ans. | (i) FALSE (ii) FALSE
11(a). | State and verify Absorption law in Boolean Algebra.
Ans. |[Absorption (aw XtatX¥ thXt and (ii) X(x +
Truth Table for X + XY iTruth Table for X(X + Y
X Y XY X+ XY X Y X+Y | X(X+Y)
0 0 0 0 0 0 0 0
0 1 0 0 0 1 1 0
1 0 0 1 1 0 1 1
1 1 1 1 1 1 1 1
From Truth Table it is JFrom Truth Table it is
11(b). | Draw a Logical Circuit Diagram for the following Boolean Expression : A. (B + C’)
Ans.
11(c). | Convert the following Boolean expression into its equivalent Canonical Product of Sum Form(POS) :
AB.C+A’B.C+AB.C
Ans. | Given AB'.C+A’B.C+A'.B.C’
(101 011) @10
=MmMs+ M3+ m,
=1(2,3,5)
POS is equal to (excluding positions of minterms)
=1(0,1,4,6,7)
= MQ.Ml.M4.M6.M7
=(A+B+C(C).(A+B+C).(A’+B+C).(A’+B"+C).(A’+B" +C’)
11(d). | Reduce the following Boolean expression using K-map:
F(A,B,C,D)=5(0,1,2,4,5,8,9,10, 11)
Ans. P A .
et There are 1 Pair and 2 Quad t ha't
oowe | (1] 7)), %E]z Pais+ ()m reduces to B’ CD’
[01]A'B L_IJEDTDS Quald #gmm 4m s reduces to A’ C’
s | | @ | B @ Quazd f#rmm 4m s reduces to AB’
S Simplified Bool ea-mapxpsession f ol
ol | ERETENIE F(A, B, C, D) = B'CD +' A’'C' 4
12(a). | State and verify Distributive law in Boolean Algebra.
Ans. |[Di stributive | aw state thait Y)a)X X{ YZ)+Z) = XY + X
(@) X(Y +Z2) = XY + XZ
To prove this | aw, we wil| make a following trut
X Y VA Y+Z XY XZ X(Y +2) XY + XZ
0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 1 0 0 0 0
0 1 1 1 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 1 0 1 1 1
1 1 0 1 1 0 1 1
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L+ r 1 1] 2 |1 ] 1 | 1 |
From truth taXi(e/ i+tZ)i s XrYo we XtZh a't
(b) X+YZ=(X+Y)(X+2)

X Y VA YZ X+YZ XZ X+Y X+Z X+Y)(X+2)
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 0
0 1 0 0 0 0 1 0 0
0 1 1 1 1 0 1 1 1
1 0 0 0 1 0 1 1 1
1 0 1 0 1 1 1 1 1
1 1 0 0 1 0 1 1 1
1 1 1 1 1 1 1 1 1
From truth table it is prove that X + YZ = (X +
12(b). | Draw a Logical Circuit Diagram for the following Boolean Expression: A’.(B + C)
Ans. | a 4
B
cﬁi_/ (B+()
12(C). | Convert the following Boolean expression into its equivalent Canonical Sum of Product Form(SOP).
U +V+W)U+V+W)(U+V+W)
Ans. | Gi ven (U’ + V' + W)Y. (U + V' + W). (U + V + W
(1 + 1 + 1) (0 + 1 + 1) (0 + 0
= oMM M
= n(0, 3, 7)
SOP is equal to(excluding position of Maxterm
=S(1, 2, 4, 5, 6)
= M M sM sM gMm
= U'VvV'wW + U VW + UV'W + UV’ W + UVW
12(d). | Reduce the following Boolean expression using K-map:
F(A,B,C,D)=5(0,3,4,5,7,9,11, 12, 13, 14)
Ans. [e)) There are 4 Pati rr eachdcel & agli vearh b
AB [00]c'D’ [01]CD [11]€D [10]CD’ Pal¢smm sm reduces to A’ BC’
[00jA's" DDTimg 0 Pa? ¢;m ;n reduces to A’ CD
. Pa3¢(m m reduces to AB’' D
i | [, lsliJr ° Pad ¢+ )0 reduces to ABD’
[nlnn@u 1]l o (1) Qudd+r sm om h reduces to C’'D
i | B : il| o Simplified Bool ea-mapxpsession f ol
8 1] 10 F(A, BA' BEQ' BREB=D + ABD’' + C’' D
13(a). | Verify the following algebraically: X".Y + X.Y’ = (X" + Y’).(X +Y)
Ans. |[RHS = (X' + Y’ ). (X + Y)
= (X' + Y ')y.X + (X' + Y').Y
= X'". X + X.Y + X'.Y + Y .Y
= 0 + X.Y + X'.Y + O
= X.Y + X'.Y
= LHS (Verified)
13(b). | Write the equivalent Boolean Expression for the following Logic Circuit.
Ay
s |
w 7
Ans. |The equivalent Bool eanCExpuouessi.ewn ForW) e gi Vén
13(c). | Write the SOP form of a Boolean function G, which is represented in a truth table as follows:

P Q R G
0 0 0 0
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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
ANS. |The desir &dm@amadmuictalf orm is as following;
G=>(2, 3, 4, 6, 7) = P QR + P’ QR + PQ' R’
13(d). | Reduce the following Boolean expression using K-map: F(A, B, C,D)=5(3, 4,5, 6, 7, 13, 15)
Ans, B et R There areQranadait hamdr®duce as gi-
e v o [}l o, Padm om reduBps to A
-2 (4/h 7 us e
rm'ﬂ@‘rl‘ﬂ’[g Qudadr sm ¢m i redBbdes to
owe 0 JU L ol] o, Simplified Booleamapxpsession fol
[10]4B’ l:)}j °._, 011 l}m F( A, BA’ G:ID\’ B‘B’D:
14(a). | Verify XY + XY’ + XY’ = (X" + Y’) using truth table.
Ans. X Y X' YO XY | XY | XY | XY XY XY | X +Y
0 0 1 1 0 0 1 1 1
0 1 1 0 1 0 0 1 1
1 0 0 1 0 1 0 1 1
1 1 0 0 0 0 0 0 0
From Truth Table it is proved that XY + XY' + X
14(b). | Write the equivalent Boolean Expression for the following Logic Circuit.
% 5,
e
|1\\ :
21‘,/
Ans. | The equivalent Boolean Expression for the given
14(c). | Write the POS form of a Boolean function H, which is represented in a truth table as follows:
A B C H
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
ANS. |The desired CefBwmifcal mProdastfol | owing:
H= m™(0gA = B + C). (A" + B + C"').(A + B’ + C)
14(d). | Reduce the following Boolean expression using K-map:
F(P,Q,R,8)=7(1,2,3,4,5,6,7,9,11,12, 13, 15)
Ans. F.Q\f:smw B e ke There are 2 Pair and 1 Octet t hi
] (31 3) a Palf¢m ¢m red@PReS’' t oo
U Pa2¢mm ;m reduces to P' RS’
wwo | [1])]1 | 1], Oct eit famm -m oM @ @ ;M reduces to ¢
IZTE l‘_ll Ml P Simplified Bool ea-mapxpsession f ol
borar| 0\ U] % F(P, Q, R, S) = QR"S'" +' P’RS’
15(a). | State and verify absorption law using truth table.
Ans. |Absorption | aw states that (i) X + XY = X and
Truth Table for X + XY iTruth Table for X(X + Y
X Y | Xy | X+xy | X Y XY ] OX(X+Y) ]
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0 0 0 0 0 0 0 0
0 1 0 0 0 1 1 0
1 0 0 1 1 0 1 1
1 1 1 1 1 1 1 1
From Truth Table it is JFrom Truth Table it is
15(b). | Write the equivalent Boolean Expression for the following Logic Circuit.
P
i=
R
Ans. |The equivalent Boolean Expr ePs@Ei otn Pi’oRr t he gi ven
15(c). | Write the POS form of a Boolean function H, which is represented in a truth table as follows:
U V W G
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1
ANS. |The desired Cofdwmifcal mProdastfol | owi ng;
G = n(2, 3, 6) = (U + V' + W) . (U + V' + W) . (
15(d). | Reduce the following Boolean expression using K-map:
HU,V,W,2)=53(0,1,4,5,6,7,11, 12, 13, 14, 15)
Ans. R ;hle(: e ;nr e (.12 Pair anLch \% V(\)/ct et t he
—— a-1 tom reduces to ’ ’ '
v (L[ 1)) o] ©, Pa?2 ¢ ;0 reduces to UWZ
1oLuv (Iaiqli‘ 11 Oct e4t 5|Q‘1nam M 1A 3 R 1@1 reduces to
[11]uv Ll.. 1] lJ. Simplified Bool eamapxpsession f ol
| o D;ﬁ 0, F(U, VvV, W Z) = U V' W +' UWz +

NOTE: “ “ “ is used instead of* *.
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