PHYSICS 201
LAB 3

Part 1. Sum of products and Product of sums 

Write the sum of products and product of sums expressions for the following truth table. 

	A
	B
	C
	Out

	0
	0
	0
	1

	0
	0
	1
	1

	0
	1
	0
	0

	0
	1
	1
	0

	1
	0
	0
	0

	1
	0
	1
	1

	1
	1
	0
	1

	1
	1
	1
	1


	Sum of products:

Another term for sum of products is ________________________.




	Product of sums:

Another term for product of sums is ________________________.




Part 2.  Converting Binary Representation to Gray Code. 

There is more than one way to use 1s and 0s to represent decimal numbers.  Two common representations (binary and gray code) are shown in the table below.   

	Decimal
	Binary Representation
	Gray Code

	
	A
	B
	C
	D
	E
	F

	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	1
	0
	0
	1

	2
	0
	1
	0
	0
	1
	1

	3
	0
	1
	1
	0
	1
	0

	4
	1
	0
	0
	1
	1
	0

	5
	1
	0
	1
	1
	1
	1

	6
	1
	1
	0
	1
	0
	1

	7
	1
	1
	1
	1
	0
	0


The binary representation is used for doing mathematics (adding, multiplying and so on).  Gray code has the useful property that adjacent decimal numbers differ by at most one bit.   Let us build the circuitry that converts binary representation to gray code.  First build a circuit that has three inputs, A, B and C and one output D.  Start off with the expression for the output D 

D = AB′C′ + …

Simplify the expression and then build the simplified circuit.  Repeat these steps for outputs E and F.  If the expression above does not simplify, you will need a three-input AND.  You can achieve this end by right clicking on an AND, choosing Component Properties and then the Number of Inputs tab.   Paste the circuits in this document. 

 Now build the circuitry that converts the other way, gray code to binary.  Start off with 

A= DEF′ +  …

Do the same finding expressions for B and C in terms of D, E and F.  You should have six circuits in this section.  

1. D as an output, and A, B and/or C as inputs. 
2. E as an output, and A, B and/or C as inputs. 

3. F as an output, and A, B and/or C as inputs. 

4. A as an output, and D, E and/or F as inputs. 

5. B as an output, and D, E and/or F as inputs. 

6. C as an output, and D, E and/or F as inputs. 

Part 3.  Majority rules. 

Consider a situation in which there are four inputs and the output follows the majority rule.  That is, if there are more low inputs, the output is low; while if there are more high inputs, the output is high.  There are six situations in which there are two highs and two lows.  Choose three of these to be high and three to be low.  (Try to choose them such that there are large blocks so there will be more simplification.)  Fill in the Karnaugh-map truth table below.  

	
	D
	0
	1
	1
	0

	A
	B \ C
	0
	0
	1
	1

	0
	0
	
	
	
	

	0
	1
	
	
	
	

	1
	1
	
	
	
	

	1
	0
	
	
	
	


Simplify the expression as much as you can.  Then build the corresponding circuit using AND, OR and NOT gates in Electronics Workbench.  Paste a copy of it below. 

Part 4. Seven-Segment Displays

One way to display a number is to use a seven-segment display as shown below.  A digit (0-9) is input in binary form.   The truth table for lighting the appropriate segments is shown below.    
[image: image1.png]



	
	W
	X
	Y
	Z
	a
	b
	c
	d
	e
	f
	g

	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0

	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0

	2
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1

	3
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1

	4
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1

	5
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1

	6
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1

	7
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	8
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	9
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1


Enter the appropriate values for the segment c into the K-map version of the truth table.  Note that although there are 16 possible inputs, we only care about 10 of them.  You can choose these “don’t care” values as either 1 or 0, so try to choose them in a way the leads to a lot of simplification.  (It is not like the majority rules situation in which half are 1’s and half are 0’s; there can be any number of 1’s or 0’s.)

	Seg. c
	Z
	0
	1
	1
	0

	W
	X \ Y
	0
	0
	1
	1

	0
	0
	
	
	
	

	0
	1
	
	
	
	

	1
	1
	
	
	
	

	1
	0
	
	
	
	


Simplify the expression and write it below.  

	


Build it and paste the circuit below. 

Repeat the exercise for Segment d. 

	Seg. d
	Z
	0
	1
	1
	0

	W
	X \ Y
	0
	0
	1
	1

	0
	0
	
	
	
	

	0
	1
	
	
	
	

	1
	1
	
	
	
	

	1
	0
	
	
	
	


Simplify the expression and write it below.  

	


Build it and paste the circuit below. 

Part 5. Parity 

Even a digital signal (a series of 1’s and 0’s) can be corrupted by noise.  One way to test whether corruption has occurred is to use parity bits.  A parity bit is an extra bit added to a group of bits.  In one approach, we choose the parity bit so that the number of 1’s in the enlarged group that now includes the parity bit is even.  For example, for 0000 we would have a 0 parity bit, whereas for 0100 we would have a 1 parity bit.  One can test for this condition later, and if it does not hold, an error has occurred somewhere in the group. Consider a situation in which the original group consists of four bits.   Fill in the K-map truth table below where the output is the parity bit. 

	
	D
	0
	1
	1
	0

	A
	B \ C
	0
	0
	1
	1

	0
	0
	
	
	
	

	0
	1
	
	
	
	

	1
	1
	
	
	
	

	1
	0
	
	
	
	


Can it be simplified? How do you know?

	


