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Question: 1 (24 Marks)
a) For the following network (Fig.1), find the Boolean expression for F1 (A,B,C,D):
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   FIG.1

Hint: Find the output function F by going from left to right and by determining the output of each gate.

Simplify f1 and implement it by using Logic gates.

b) Consider the following Logical function of 4 variables:

F2 = (A’ [image: image2.png]


 B) [image: image3.png]


 (C [image: image4.png]


 D).

  Prove that F2 is equal to (П(M(1,2,4,7,8,11,13,14))

  Obtain its Truth table.

c) Using Boolean Identities, prove that




A’.C’.D’ + A.D + (C’+B.C).D = A’.C’ + A.D + B.D

 State the Identity used at every step.

 Hint: Use C’.D = (A+A’).C’.D.

Implement the function F3 using NOR gates only;

 d) F3 = (A + C).(B’ + D’).(A’ + B’ + C’)

Answer 1:

1a)  F1 = ((A+D).C).((A’+B).C+(B’+C))



= C.(A+D).((A’+B).C+B’+C)



= C.(A+D).(C(1+A’+B)+B’)



= C.(A+D).(C+B’)



= C.(A.C+A.B’+C.D+B’.D)



= A.C+C.D+A.B’.C+B’.C.D



= A.C(1+B’) + C.D(1+B’)



= A.C+C.D



= (A+D).C

[image: image5.png]



1b)
F2= (A’.B’ + A.B) [image: image6.png]


 (C.D’ + C’.D)



= (A’.B’ + A.B).(C.D’ + C’.D)’ + (A’.B’ + A.B)’ . (C.D’ + C’.D)



= (A’.B’ + A.B).((C’ + D).(C + D’)) + ((A + B).(A’ + B’).(C.D’ + C’.D)



= (A’.B’ + A.B).(C’.D’ + C.D) + (A.B’ + A’.B).(C.D’ + C’.D)

= A’.B’.C’.D’ + A’.B’.C.D + A.B.C’.D’ + A.B.C.D + A.B’.C.D’ + A.B’.C’.D + A’.B.C.D’ + A’.B.C’.D



= Σm(0,3,12,15,10,9,6,5)



= ПM(1,2,4,7,8,11,13,14)

Truth Table:

	A
	B
	C
	D
	F2

	0
	0
	0
	0
	1

	0
	0
	0
	1
	0

	0
	0
	1
	0
	0

	0
	0
	1
	1
	1

	0
	1
	0
	0
	0

	0
	1
	0
	1
	1

	0
	1
	1
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	0

	1
	0
	0
	1
	1

	1
	0
	1
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	0
	1

	1
	1
	0
	1
	0

	1
	1
	1
	0
	0

	1
	1
	1
	1
	1


1c) L.H.S 
= A’.C’.D’ + A.D + (C’ + B.C).D




= A’.C’.D’ + A.D + (C’ + B).D



(Use X + X’Y = X+Y)




= A’.C’.D’ + A.D + B.D + C’.D.(A+A’)




= A’.C’.D’ + A’.C’.D + A.D + A.D.C’ + B.D




= A’.C’ + A.D + B.D




= R.H.S

1d) F3’ = (A + C)’ + (B’ + D’)’ + (A’+B’+C’)’

   F3 = ( P+Q+R)’
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Question: 2 (22 Marks)
Given that

F4(A,B,C,D) = Σ(m(1,3,4,5,7,8,9,12), d(10,11))

F5(A,B,C,D) = П(M(2, 4, 6, 8, 9, 11, 14), d(1, 7, 12))

Obtain the Following expression:

(i) the Maxterm expansion for F4.(No simplification is required)

Hint: The Maxterm expansion is in the POS form.

(ii)    Using Karnaugh Map for F4, obtain the simplified expression for F4 in the SOP form.

(iii) the expression for F6 = F4 + F5 = П(M(???), d(??)).

(iv) the expression for F7 = F4 . F5 = Σ(m(???), d(??)).

Answer: 2

i) F4 = (A+B+C+D).(A+B+C’+D).(A+B’+C’+D).

(A’+B+C’+D).(A’+B+C’+D’). (A’+B’+C+D’).(A’+B’+C’+D).(A’+B’+C’+D’)

(note: the underlined terms may/may not be there)

      ii)
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F4 = A.B’ + A’.D + B.C’.D’

iii) F6 = Σ(m(0,1, 3, 4, 5, 7, 8, 9, 10, 12, 13, 15), d(11)



  = П(M(2, 6, 14), D(11))

iv) F7 = Σ(m(3, 5), d(1, 7, 10, 12)

	
	F4
	F5
	F6
	F7

	0
	0
	1
	1
	0

	1
	1
	d
	1
	d

	2
	0
	0
	0
	0

	3
	1
	1
	1
	1

	4
	1
	0
	1
	0

	5
	1
	1
	1
	1

	6
	0
	0
	0
	0

	7
	1
	d
	1
	d

	8
	1
	0
	1
	0

	9
	1
	0
	1
	0

	10
	d
	1
	1
	d

	11
	d
	0
	d
	0

	12
	1
	d
	1
	d

	13
	0
	1
	1
	0

	14
	0
	0
	0
	0

	15
	0
	1
	1
	0


Question: 3 (26 Marks)
(a) A 4-to-1 MUX has 4 inputs I0,I1,I2 and I3. It has two control inputs S1 and S0 and one Enable input G. Let the output of the MUX be called Y. Write the characteristic table for the MUX. Also write the Boolean expression for Y in terms of the inputs, control inputs and the Enable input.

(b)  For the circuit of Fig 2, write the expression for F8, F9 and F in terms of Boolean variable A, B, C and D.











Answer 3: a)

 SHAPE \* MERGEFORMAT 



	G
	S1
	S0
	Y

	1
	0
	0
	Y = I0

	1  
	0
	1
	Y = I1

	1
	1
	0
	Y = I2

	1
	1
	1
	Y = I3

	0
	x
	x
	Y = 0


Y = G.I0.S1'.S0'+G.I1.S1'.S0+G.I2.S1.S0'+G.I3.S1.S0 

Answer 3: b)

F8 = S1’.S0 + S1.S0’

   = B’.A + B.A’
F9 = D.(S1’.S0’ + S1’.S0) + S1.S0

  = D.(B’.A’ + B’.A) + B.A
  = B'.D.(A’ + A) + A.B                      Identities: X’ + X = 1;   X.1 = X
  = B’.D + A.B

F = F8.S1’.S0 + F9.S1.S0’ + S1.S0

  = (A.B’ + A’.B).D’.C + (B’.D + A.B).D.C’ + D.C             Identity: X. X = X
  = (A.B’ + A’.B).D’.C + B’.C’.D + A.B.C’.D + C.D

  = (A.B’ + A’.B).D’.C + D.(B’.C’ + A.B.C’ + C)

  = (A.B’ + A’.B).D’.C + D.(C’.(B’ + A.B) + C)        Identity: X + X’.Y = X + Y
  = (A.B’ + A’.B).D’.C + D.(C’.(B’ + A) + C)          Identity: X + X’.Y = X + Y
  = (A.B’ + A’.B).D’.C + D.(B’ + A + C)

  = (A.B’ + A’.B).D’.C + D.C + (A + B’).D
  = C.((A.B’ + A’.B).D’ + D) + (A + B’).D            Identity: X + X’.Y = X + Y
  = C.((A.B’ + A’.B) + D) + (A + B’).D
  = (A.B’ + A’.B).C + (A + B’ + C).D

  = (A ( B).C + (A + B’ + C).D 
Question: 4 (28 Marks)
A 3-bit counter is to be designed to count 0-2-3-6-5-1. After 1 it is to go back to 0. If three JK flip-flops be used for such a counter, obtain the excitation table for the inputs of the three flip-flops. For the Present states of 100 and 111, assume the Next states to be 111 and 100 respectively.

For this 3-bit counter, if A, B and C be the three JK flip-flop, obtain the simplified Boolean expression for ANY THREE of the following: JA, KA, JB, KB,JC and KC.

Answer 4:

	Present State

ABC
	Next

State

ABC
	JA
	KA
	JB
	KB
	JC
	KC

	000
	010
	0
	X
	1
	X
	0
	X

	001
	000
	0
	X
	0
	X
	X
	1

	010
	011
	0
	X
	X
	0
	1
	X

	011
	110
	1
	X
	X
	0
	X
	0

	100
	111
	X
	0
	1
	X
	0
	X

	101
	001
	X
	1
	0
	X
	X
	0

	110
	101
	X
	0
	X
	1
	1
	X

	111
	100
	X
	0
	X
	1
	X
	1


Excitation Table for JK FF

	Qn
	Qn+1
	Jn
	Kn

	0
	0
	0
	X

	0
	1
	1
	X

	1
	0
	X
	1

	1
	1
	X
	0
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JA  =  QB.QC





        KA = QB’.QC

              JB










KB
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JB  =  QC’








KB  =  QA

             JC











KC
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JC  =  QA + QB






    KC  =  QA’+ QB
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Fig 2.  Assume the Enable input to be ACTIVE HIGH
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