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UNIT-I 

 
1) a) Convert the following base conversions using Number System. 

i)       (365.24)10 to ( ? )2                                

Ans: 

 The Integer part of the number is divided by the base of the new number system:    

 

The Fractional part of the number is multiplied by the base of the new number system: 

 

Final Answer: (365.24)10 = (101101101.0011110101)2 

PVP 20 



 

ii)       (333.45)8 to ( ? )2           

Ans:                      

Translation from octal to binary like this: 

(333.45)8 =3 3 3. 4 5 = 3(=011) 3(=011) 3(=011). 4(=100) 5(=101) = 

(011011011.100101)2 

 

Final Answer: (333.45)8 = (011011011.100101)2 

 

iii) (AB7.D)16  to  ( ? )8   

Ans:       

Translation from hexadecimal to binary like this: 

 

(AB7.D)16 = A B 7. D = A(=1010) B(=1011) 7(=0111). D(=1101) = 

(101010110111.1101)2 

 

(AB7.D)16 = (101010110111.1101)2 

 

Fill in the number with missing zeros on the right 

 

let's make a direct translation from binary to post-binary like this: 

 

(101010110111.110100)2 = 101 010 110 111. 110 100 = 101(=5) 010(=2) 110(=6) 

111(=7). 110(=6) 100(=4) = (5267.64)8 

 

 

Final Answer: (AB7.D)16 = (5267.64)8 

    

1) b)  i)  Convert the (1110001.10001)2 binary number to decimal, hexadecimal and 

octal numbers.       

Ans: 

 

 

 



  

 

 



 

      ii) Subtract (11111)2 from (10101)2 using 2’s complement method.          

Ans: 

 

(OR) 

2)  a) Show the Gray code for the following decimal numbers.   

i) (73)10    

Ans: 



 

ii)  (77)10                          

Ans: 

 

 



     2)    b) Show the Excess 3 code for the following decimal numbers.    

i) (1111)10  

Ans:  

                     

ii) (11)16   

Ans: 

 

 

 

 



UNIT-II 

 
3) a) Using Boolean laws verify the following equation. 

      (X+Y’+XY)(X+Y’)X’Y = 0  

Ans: 

 

     3)   b)  Using Boolean laws prove that  

  xy + x’ +yz = x’ + y  

 Ans:  

 



            

       (OR)  

   4)    a) Minimize the expression using K-map. 

       Y = A’BC’D’ + A’BC’D + ABC’D’ + ABC’D +AB’C’D +A’B’CD’    

   Ans: 

 

  4)    b) Obtain the simplified expression in product of sums using K-map and draw 

the circuit diagram. 

             f (A,B,C,D) = π(2, 7, 8, 9, 10, 12) 



 

UNIT-III 
5) a) Design a BCD code to excess – 3 code converter and draw the logic diagram.  

Ans :      

BCD digit can be converted to its corresponding Excess-3 code by simply adding 3 to it. 

Since we have only 10 digits (0 to 9) in decimal, we don‟t care about the rest and marked 

them with a cross ( X ). 

Let A, B, C, and D   be the bits representing the binary numbers, where D  is the LSB and 

A   is the MSB, and  

Let w, x, y, and z   be the bits representing the gray code of the binary numbers, where z   is 

the LSB and w   is the MSB.  

The truth table for the conversion is given below. The X‟s mark is don‟t care condition. 

Truth Table : 

 



K-map Simplification: 

To find the corresponding digital circuit, we will use the K-Map technique for each of the 

Excess-3 code bits as output with all of the bits of the BCD number as input. 

 

 

Corresponding minimized Boolean expressions for Excess-3 code bits –  

 

 

Circuit Diagram : 

 

 

 



 

5) b) Design a full subtractor with two half-subtractors and an OR gate.  

Ans:  

• In multi-bit subtraction, we have to subtract bit along with the borrow of the previous 

digit subtraction. Such subtraction requires subtraction between three bits, which is not 

possible with half-subtractor. 

• The disadvantage of a half subtractor is rectified by full subtractor. 

•  The full subtractor is a combinational circuit with three inputs A, B, Bin and two 

outputs Difference(D) and Borrow(Bout). A is the „minuend‟, B is „subtrahend‟, Bin is the 

„borrow‟ produced by the previous stage, D is the difference output and Bout is the borrow 

output. 

Block Diagram : 

 

Truth Table : 

 

Expressions & Circuit Diagram : 

Logical expression for Difference : 

D = ∑(1,2,4,7) 

 =A‟B‟Bin + A‟BBin‟ + AB‟Bin‟ + ABBin  

 = Bin(A‟B‟ + AB) + Bin‟(AB‟ + A‟B) 

  = Bin( A XNOR B) + Bin‟(A XOR B)  



 = Bin (A XOR B)‟ + Bin‟(A XOR B)  

 = Bin XOR (A XOR B)  

 = (A XOR B) XOR Bin 

 

Logical expression for Borrow : 

Bout   = ∑(1,2,3,7) 

  =A‟B‟Bin + A‟BBin‟ + A‟BBin + ABBin 

   = A‟B‟Bin +A‟BBin‟ + A‟BBin + A‟BBin + A‟BBin + ABBin  

  = A‟B‟Bin +A‟BBin‟ + A‟BBin + A‟BBin + A‟BBin + ABBin 

  = A‟Bin(B + B‟) + A‟B(Bin + Bin‟) + BBin(A + A‟) 

   = A‟Bin + A‟B + BBin  

                                          OR 

 Bout  = A‟B‟Bin + A‟BBin‟ + A‟BBin + ABBin  

  = Bin(AB + A‟B‟) + A‟B(Bin + Bin‟)  

  = Bin( A XNOR B) + A‟B 

   = Bin (A XOR B)‟ + A‟B 

 

Logic/Circuit Diagram of Full Subtractor : 

 

(OR) 

6) a) Draw the truth table and the circuit for 3 : 8 decoder and explain. 

Ans:  

Block Diagram: The 3 to 8 line decoder is also known as binary to Octal Decoder. In a 3 to 

8 line decoder, there is a total of eight outputs, i.e., Y0, Y1, Y2, Y3, Y4, Y5, Y6, and Y7 

and three outputs, i.e., A0, A1, and A2. This circuit has an enable input 'E'. when enable 'E' 



is set to 1, one of these four outputs will be 1. The block diagram and the truth table of the 3 

to 8 line encoder are given below. 

 

  

Truth Table: 

 

Logical Expression: The logical expression of the term Y0, Y1, Y2, Y3, Y4, Y5, Y6, and 

Y7 is as follows: 

 



6) b) Show the truth table of 4 – bit priority encoder and design the logical circuit of 

the 4-bit priority encoder. 

Ans : 

 A 4 to 2 priority encoder has four inputs Y3, Y2, Y1 & Y0 and two outputs A1 & 

A0. Here, the input, Y3 has the highest priority, whereas the input, Y0 has the 

lowest priority. 

 In this case, even if more than one input is „1‟ at the same time, the output will be 

the binary code corresponding to the input, which is having higher priority. 

 We considered one more output, V in order to know, whether the code available 

at outputs is valid or not. 

 If at least one input of the encoder is „1‟, then the code available at outputs is a 

valid one. In this case, the output, V will be equal to 1. 

 If all the inputs of encoder are „0‟, then the code available at outputs is not a valid 

one. In this case, the output, V will be equal to 0. 

Truth Table : 

 

K-map : Use 4 variable K-maps for getting simplified expressions for each 

output. 

 



 

The simplified Boolean functions are:  

 

The Boolean function of output, V as: 

 

Circuit Diagram : 

 

The above circuit diagram contains two 2-input OR gates, one 4-input OR gate, 

one 2input AND gate & an inverter. Here AND gate & inverter combination are 

used for producing a valid code at the outputs, even when multiple inputs are 

equal to „1‟ at the same time. Hence, this circuit encodes the four inputs with two 

bits based on the priority assigned to each input. 

UNIT-IV 

 
7 a) Design the conversion logic to convert SR flip-flop into T flip-flop. 

Ans: 

 Rules for conversion: 

Step-1: 



Find the characteristics table of required flip-flop and the excitation table of the existing 

(given) flip-flop. 

Step-2: 

Find the expression of given flip-flop in terms of required flip-flop using K-map. 

Step-3: 

Find the circuit diagram of required flip-flop. 

Characteristic Table for T Flip Flop & Excitation Table for SR Flip Flop: 

 

Conversion Table & Boolean Expression: 

 

In this case the given flip-flop is SR. Therefore, write the Boolean expressions for S and R 

from the conversion table using K-Maps. 

 

K-Map for S:        K-Map for R:  

 

                           
               S = T.QN’              R = T.QN 

 



 

Circuit Diagram : 

 
 

7 b) Compare combinational and Sequential circuits.                             

Combinational Circuit Sequential Circuit 

1. In this output depends only upon 

present input. 

1. In this output depends upon present as well 

as past input. 

2. Speed is fast. 2. Speed is slow. 

3. It is designed easy. 
3. It is designed tough as compared to 

combinational circuits. 

4. There is no feedback between input 

and output. 

4. There exists a feedback path between input 

and output. 

5. This is time independent. 5. This is time dependent. 

6. Elementary building blocks: Logic 

gates 
6. Elementary building blocks: Flip-flops 

7. Used for arithmetic as well as boolean 

operations. 
7. Mainly used for storing data. 

8. Combinational circuits don‟t have 

capability to store any state. 

8. Sequential circuits have capability to store 

any state or to retain earlier state. 

9. As combinational circuits don‟t have 

clock, they don‟t require triggering. 

9. As sequential circuits are clock dependent 

they need triggering. 

10. These circuits do not have any 

memory element. 
10. These circuits have memory element. 

11. It is easy to use and handle. 11. It is not easy to use and handle. 

12. In this output depends only upon 

present input. 

12. In this output depends upon present as well 

as past input. 

13. Speed is fast. 13. Speed is slow. 

14. It is designed easy. 
14. It is designed tough as compared to 

combinational circuits. 

 

(OR) 



8 a) Design the conversion logic to convert JK flip-flop into D flip-flop. 

Ans: 

Rules for conversion: 

Step-1: 

Find the characteristics table of required flip-flop and the excitation table of the existing 

(given) flip-flop. 

Step-2: 

Find the expression of given flip-flop in terms of required flip-flop using K-map. 

Step-3: 

Find the circuit diagram of required flip-flop. 

Characteristic Table for D Flip Flop & Excitation Table for JK Flip Flop: 

    

Conversion Table & Boolean Expression: 

 

Therefore, write the Boolean expressions for J and K from the conversion table using K-

Maps. 

             K-Map for J:                                            K-Map for K: 

                              

       Expression for J would be                       Expression for K would be 

                     J = D            K = D’ 



 

 

Circuit Diagram : 

 

 

 
8 b) Show the excitation table of the following flip-flops. 

i) JK flip-flop     ii) D flip-flop 

 Ans :   JK Flip-Flop: 

For the JK flip flop, the excitation table is derived from the truth table, for the present state 

and next state values Qn = 0 and Qn+1 = 0 the inputs are J = 0 and K = 0 or 1. 

Since K input has two values, it is considered as a don‟t care condition(x). 

 

Thus the state transition from Qn = 0 to Qn+1 = 0 takes place when J = 0, K = x. It is filled 

in the first row of the excitation table. 

 

 

The state transition from present state Qn = 0 to the next state Qn+1 = 1 occur, when the 

inputs are either J = 1, K = 0 or J = 1, K = 1Thus the excitation table is filled with datas Qn 

= 0, Qn+1 = 1, J = 1 and K = x. 



Similarly, for the transition of the state from 1 to 0, the inputs are J = 0, K = 1 or J = 1, K = 

1. So for this transition, the required inputs are J = x and K =1, as the value of J can be 

either 0 or 1. 

For the state transition from Qn = 1 to Qn+1 = 1, the J input can be 0 or 1 but the K input 

remains at 0. For this transition to occur, the excitation inputs are J = x and K = 0. 

D flip-flop: 

The excitation table of the D flip-flop is derived from its truth table. the next state output is 

equal to the D input. So it is very simple to construct the excitation table. 

 

For the state transition from Qn = 0 to Qn+1 = 0, the required excitation input is D = 0, 

regardless of Qn value. For transition of states from Qn = 0 to Qn+1 = 1, the input required 

to excite is D = 1. 

The state transit from Qn = 1 to Qn+1 = 0 for the input D = 0. For the input D = 1, the state 

transition takes place from Qn = 1 to Qn+1 = 1. 

UNIT-V 

9) a) Design a BCD ripple counter using JK flip-flops 

 Ans : 

Explanation : 

 When the Decade counter is at REST, the count is equal to 0000. This is first stage of 

the counter cycle. When we connect a clock signal input to the counter circuit, then 

the circuit will count the binary sequence. The first clock pulse can make the circuit 

to count up to 9 (1001). The next clock pulse advances to count 10 (1010). 



 Then the ports X1 and X3 will be high. As we know that for high inputs, the NAND 

gate output will be low. The NAND gate output is connected to clear input, so it 

resets all the flip flop stages in decade counter. This means the pulse after count 9 

will again start the count from count 0. 

State Diagram : 

 

 

It represents the count of circuit for decimal count of input pulses. The NAND gate 

output is zero when the count reaches 10 (1010). 

 

The count is decoded by the inputs of NAND gate X1 and X3. After count 10, the logic 

gate NAND will trigger its output from 1 to 0, and it resets all flip flops. 

 

 

 

 

 



Circuit Diagram : 

 

9) b) Design a three bit bi-directional shift register that shifts the bits to left when a 

control variable E = 0 and shifts the bits to right when E = 1 using D flip-flops. 

Explanation: 

 Bidirectional shift registers are the registers which are capable of shifting the data 

either right or left depending on the mode selected. 

 If the mode selected is 1(high), the data will be shifted towards the right direction 

and if the mode selected is 0(low), the data will be shifted towards the left direction. 

 The logic circuit given below shows a Bidirectional shift register. The circuit consists 

of three D flip-flops which are connected. The input data is connected at two ends of 

the circuit and depending on the mode selected only one and gate is in the active 

state. 

Circuit Diagram : 

 

        (OR) 

 



10) a) Design a 4-bit Johnson Counter. 

Ans:  

• The Johnson counter is a modification of ring counter.  

• In this the inverted output of the last stage flip flop is connected to the input of first flip 

flop.  

• If we use n flip flops to design the Johnson counter, it is known as 2n bit Johnson 

counter or Mod 2n Johnson counter. 

• This is an advantage of the Johnson counter that it requires only half number of flip 

flops that of a ring counter uses, to design the same Mod. 

• The main difference between the 4 bit ring counter and the Johnson counter is that , in 

ring counter , we connect the output of last flip flop directly to the input of first flip flop.  

• But in Johnson counter, we connect the inverted output of last stage to the first stage 

input. 

• The Johnson counter is also known as Twisted Ring Counter, with a feedback.  

• In Johnson counter the input of the first flip flop is connected from the inverted output 

of the last flip flop. 

• The Johnson counter or switch trail ring counter. 

• “n-stage” Johnson counter will circulate a single data bit giving sequence of 2n different 

states and can therefore be considered as a “mod-2n counter”. 

State Diagram : 

 

 

 

 

 



Circuit Diagram : 

 

 

10 b) Compare and contrast the synchronous counters with the asynchronous 

counters. 

S.NO Synchronous Counter Asynchronous Counter 

1. 

In synchronous counter we use a universal 

clock that is common to all flip flops 

throughout the circuit. 

In asynchronous counter  main clock is only 

applied to the first flip flop and then for rest 

of flip flops the output of previous flip flop 

is taken as a clock. 

2. 

Synchronous Counter is faster in 

operation as compared to Asynchronous 

Counter. 

Asynchronous Counter is slower as 

compared to synchronous counter in 

operation. 

3. 
Synchronous Counter does not produce 

any decoding errors. 

Asynchronous Counter produces decoding 

error. 

4. 
Synchronous Counter is also called 

Parallel Counter. 

Asynchronous Counter is also called Serial 

Counter. 

5. 

Synchronous Counter designing as well 

implementation are complex due to 

increasing the number of states. 

Asynchronous Counter designing as well as 

implementation is very easy. 

6. 
Synchronous Counter will operate in any 

desired count sequence. 

Asynchronous Counter will operate only in 

fixed count sequence (UP/DOWN). 

7. 
Synchronous Counter examples are: Ring 

counter, Johnson counter. 

Asynchronous Counter examples 

are: Ripple UP counter, Ripple DOWN 

counter. 

8. 
In synchronous counter, propagation 

delay is less. 

In asynchronous counter, there is high 

propagation delay. 

 

 

************ THE END************** 

https://www.geeksforgeeks.org/digital-logic-ring-counter/
https://www.geeksforgeeks.org/digital-logic-ring-counter/
https://www.geeksforgeeks.org/digital-logic-n-bit-johnson-counter/
https://www.geeksforgeeks.org/digital-logic-ripple-counter/

