Prelab Assignment:  Week 6
Digital Logic

At the fundamental level, computers only understand binary code, 1’s and 0’s.  This can be thought of as a “true” or “false” signal, and a variable that contains a true/false signal is called a Boolean variable.  In most programming languages, Boolean variables are used in decision making operations, where the output is a direct result of the Boolean input.  [1, 2]

To manipulate Boolean variables, logic gates are used.  A logic gate is usually shown with inputs on the left and output on the right.  Logic gates, symbols, and their functions are shown in the table below. [1, 2]
	Name
	Symbol
	Algebraic
	Function

	NOT
	[image: image1.jpg]



	X = A’
	Inverts input

	OR
	[image: image2.jpg]



	X = A+B
	Is true if any input is true

	AND
	[image: image3.jpg]



	X = AB
	Is true if both inputs are true

	XOR
	[image: image4.jpg]) >




	X = A’B + AB’
	Is true as long as one and only one input is true

	NAND
	[image: image5.jpg]



	X = (AB)’
	Inverse of AND

	NOR
	[image: image6.jpg]



	X = (A + B)’
	Inverse of OR

	NXOR
	[image: image7.jpg]



	X=A’B’ + AB
	Inverse of XOR



A truth table is a way to make sense of all of these logic gates.  Truth tables are used to predict an output based on the state of all inputs.  Because the output is dependent on the inputs, a truth table shows the output of all combinations of inputs.  A truth table for an AND logic gate is shown below:

	Input 1
	Input 2
	Output

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


This table is correct because an AND logic gate outputs true if and only if both inputs are true. [2]  


Another way to make sense of logic circuits is through algebraic manipulation. [2] The output, X, can only be a 1 or a 0, and it depends on the operation defined by inputs A and B. [2] For instance, an AND gate could be treated as X = AB, such that:



If A = 0, B = 0




X = 0*0




X = 0



If A = 0, B = 1




X = 0*1




X = 0



If A = 1, B = 0




X = 1*0




X = 0



If A = 1, B =1




X = 1*1




X = 1


In this lab, you will be required to build circuits using logic gates.  Most logic gates are built onto integrated circuits (ICs) which contain several gates on one single chip.  


Many ICs use transistor-transistor logic (TTL) to decide a high or low state.  Typically +5V DC is used to indicate a high state or true, and 0V DC is used to indicate low state or false. [2] In order for ICs to function, they must be powered and grounded as shown on the pin-out diagram.  
Binary 


At this point, you can see how a computer can represent something as a “1” or a “0”.  How do you go about representing the number 27?  To do this, you must convert 31 to a binary number, which is to say a number that is only ones or zeroes.  


Another way to think of binary is that a binary number is a “Base 2” number whereas we normally count in a “Base 10” system.  When you are learning to count and you get to the number 9, your next number is 10, where the tens place is now 1, and the ones place is now zero.  Another way to represent this is by remembering your powers of 10, such that each digit represents another power of 10.  In a Base 10 system, the number 27 is:





   0
   2
   7




102
101
100

In a Base 2 system, you can represent each digit by a power of 2, such as
Powers




25
24
23
22
21
20
(in base 10)



32
16
8
4
2
1

To convert our number 27 into binary, we would check each power against the number we have left, like this:

31




0
1
1
0
1
1

Powers




25
24
23
22
21
20
(in base 10)



32
16
8
4
2
1

We can see that 27 is smaller than 32, so we can put a zero in the 25 place.  However, 27 is bigger than 16, so there is a 1 in the 24 place.  Now subtract 27-16 and get 11.  11 is bigger than 8, so there is a 1 in the 23 place.  Now subtract 11-8, and get 3.  3 is smaller than 4, so there is a 0 in the 22 place.  3 is larger than 2, so there is a 1 in the 21 place.  Subtract 3-2 and get 1.  1 is equal to 1, so there is a 1 in the 20 place.  Therefore 27 converted to binary is 11011.  

To convert a number from binary into decimal (Base 10), simply add.  The binary number 101111 can be converted to decimal:

?




1
0
1
1
1
1

Powers




25
24
23
22
21
20
(in base 10)



32
16
8
4
2
1

Now, we add 32 + 8 + 4 + 2 + 1 = 47.


Just like in decimal numbers, we can also do math with binary numbers (without converting them back to decimal).  However, when adding binary numbers, 1 + 1 = 10, such that:




  10010



+  1011



  11101
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Week 6:   Prelab

Question 1 (Review):  
You want to measure voltage across a device and current through a device.  One instrument will be in series, one in parallel.  Fill in the blanks

a.  A voltmeter should be placed in ________ with the device.

b.  An ammeter should be placed in ________ with the device.

Question 2 (Review):
By measuring __________ across a shunt resistor, you can calculate the ________ flowing through it using ________ Law.
Question 3:
Develop a truth table for X = (A’+B)’

Question 4:

Develop a truth table for X = (AB') + A

Question 5:

Draw a logic circuit for the truth table you created in Problem 3.

Question 6:
You need an inverter (NOT gate) for a project that is due tomorrow.  Searching through your junk bin, all you can find are NAND gates.  Naturally, you put it off to the last minute, so you can’t rush out to Radio Shack and buy any NOT gates.  Can you make the NAND gate accomplish what you want- inverting one input?  Show how you would do this.
Question 7:

Convert the follow numbers to binary:

a.  6      ________________________________

b.  15    ________________________________

c.   44   ________________________________

Question 8:

Convert the following numbers from binary to decimal:

a.  1101
___________________________

b.    101           ___________________________

c.10110
___________________________

Question 9:

When you learn to count, you learn base 10 numbers, where the characters are 0,1,2,3,4,5,6,7,8, and 9.  We also discussed binary numbers.  However, those are not the only “bases” used in counting.  Fill out this table:

	Numeric System
	Base?
	Characters

	Our counting system
	10
	0-9

	Binary
	
	

	Octal
	
	

	Hexadecimal
	
	


Question 10:

I have a Texas Instruments SN7400 IC.  I have no idea what it does and what the pin-outs look like.  Look on http://octopart.com and find the function of this device and the pin-outs and submit them with this prelab.

Bonus:

Do the following binary math problems:

1011+0011 = ____________

0110+0001 = ____________

1001-0100 =  ____________




1101-1000 = _____________
