PHYSICS 201
LAB 8

Part 1. More Float conversions. 

Express the following decimal number as a float.  Use 1 bit for the sign, 23 bits for the significand (mantissa), 8 bits for the exponent.  Do not use two’s complement.  The exponent uses “biasing.” 

-193.765625

Sign

	


Mantissa

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Exponent

	
	
	
	
	
	
	
	


Mention the steps used in arriving at the above representation. What bias did you use?  Did you represent the mantissa’s leading 1? Etc. 

	


Express the following float as a decimal number.  

Sign

	1


Mantissa

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


Exponent

	0
	1
	0
	1
	1
	0
	1
	1


	


Part 2. Baby CRC

The circuit below is a small example of a CRC generator.  The data is fed in using the data switch D.  The clock C must go through a cycle (in particular go through a positive edge) for the shifting to occur.  When the binary string 11000001010 is fed into the CRC generator (starting with the leftmost bit), the generator has the string 1010 at the end. Build the circuit below and check this.  Change a bit in the binary string and enter it into the CRC and see if the result is different.  And so on. 
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	Input
	CRC output

	A. 11000001010
	1010

	Change one of the bits above

B.   
	

	Add four 0’s to the end Input A

C. 110000010100000
	

	Add the output of part C to the end of Input A

D. 
	

	Change two consecutive bits above

E.
	


Part 3. A Clock

The various processes in a computer have to be done in some order.  A clock is used to determine when one process should be over and the next should start.  The property that makes something useful as a clock is some repetitive behavior.  A pendulum swings back and forth taking the same amount of time for each swing; quartz goes through a repetitive vibrational motion.  In the digital world we have two values (high and low); a clock produces a high value followed by a low value and then repeats this process.  A clock’s identifying propery is its period T (the time required for one cycle, measured in seconds) or by its frequency f (the number of cycles it goes through in one second, measured in Hertz).   The period and frequency are reciprocals.
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Fill in the table below so that a row contains the period corresponding to the frequency given or vice versa. 

	Frequency
	Period

	2.6 GHz
	

	
	15 ns (nanosecond)

	860 MHz
	

	
	0.05 (s


Computer clocks typically operate at frequencies in the hundreds of megahertz (MHz) or gigahertz (GHz).  Recall that “mega” means one million and “giga” means one billion.  

Build the circuit below consisting of a clock (found under Sources, where you find batteries), a small resistor and an LED.  Right click on the clock, choose Component Properties and set the frequency value to 1 Hertz. 
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Describe the behavior of the circuit.

	


Part 4. Ripple Counter from JK Flip Flops

Build the Ripple Counter shown below.  Replace my version with yours and have a three showing (turn off the simulation when the counter reaches three). 

Why is it call a ripple counter? And what problem could occur with it? (Hint look back at the ripple adder.)

	


What does the counter below count up to?
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Add some circuitry that clears all of the flip-flops when a value of ten is reached. Now the counter should count up to and including 9, but then change to 0 and begin again. Paste the circuit below. 

Part 5. The RS flip-flop. 

Flip-flops serve as the elementary units for memory in digital systems.  Two features are needed: 

1. The circuit must be able to “hold” either state (a high or low output) and not simply reflect the input at any given time.

2. But in some circumstances, we must be able to change (to “set” and “reset”) the values. 

Flip-flops have a feed-back feature.  So one of  the first steps is to establish the stable (self-consistent) states.  Let us do so for the RS flip-flop shown below.  First we will ignore the feedback property and imagine A and B as inputs to the upper and lower OR gates respectively.  This would result in the following truth table. 

	S
	A
	B
	R
	Q
	Q΄

	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	1

	0
	0
	1
	0
	0
	1

	0
	0
	1
	1
	0
	1

	0
	1
	0
	0
	1
	0

	0
	1
	0
	1
	1
	1

	0
	1
	1
	0
	1
	1

	0
	1
	1
	1
	1
	1

	1
	0
	0
	0
	1
	0

	1
	0
	0
	1
	1
	1

	1
	0
	1
	0
	1
	1

	1
	0
	1
	1
	1
	1

	1
	1
	0
	0
	1
	0

	1
	1
	0
	1
	1
	1

	1
	1
	1
	0
	1
	1

	1
	1
	1
	1
	1
	1


Next we must bring in the feedback. So we eliminate those states that are not consistent. We insist that A= NOT(Q’) and B=NOT(Q).   The eliminated states are shown in light gray.  We also insist that Q=NOT(Q’) which eliminates one more state (dark gray).  Keeping only the consistent states yields

	S
	R
	Q
	Q’

	0
	0
	0
	1

	0
	1
	0
	1

	0
	0
	1
	0

	1
	0
	1
	0


As said above the output of the circuit depends its initial state as well as the inputs.  The truth table shows that the input S=0, R=0 is consistent with either Q=0 or Q=1.  The choice is determined by the initial state.  The output Q remains in whatever state it was in previously.  On the other hand, if S=1 (and R=0) then Q=1 no matter what the intial state was.  Hence an input of S=1 is said to “set” the flip-flop.   Similarly, if R=1 (and S=0) then Q=0 no matter what the initial state was.  Hence an input of R=1 is said to “reset” the flip-flop.  This should be made clearer by building and testing the flip-flop. 

Build the RS flip-flop as shown below.  
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Click the Activate Simulation button.  What happens?

	


There are two problems we must consider

1. The R=1, S=1 input is disallowed, and floating inputs are treated as high in certain digital systems. 

2. The output corresponding to the R=0, S=0 input depends on the initial state, and when first starting a simulation we don’t know what that state is. 

Add to your circuit a battery and ground to establish high and low lines and switches leading from these lines to the R and S inputs as shown below.  
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Fill in the states Q and Q’ you find by flipping the switches in the order indicated below.  Step 0 means that the setting of the switches when the system is first activated. Under type, put “set”, “reset” or “no change”. 

	Step
	R
	S
	Q
	Q’
	Type

	0
	0
	0
	
	
	

	1
	0
	1
	
	
	

	2
	0
	0
	
	
	

	3
	0
	1
	
	
	

	4
	0
	0
	
	
	

	5
	1
	0
	
	
	

	6
	0
	0
	
	
	

	7
	1
	0
	
	
	

	8
	0
	0
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