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I. Right Leg Drive Circuit
A. Purpose
1. The body may receive electromagnetic interference and act as an antenna. This interference is picked up by the lead attached at the lower chest and is driven back negatively into the body. By driving the interference back, the skin and the circuit may be set to a more common potential. 
2. Overall, this section acts to loosely “ground” the patient and prevent harm while the device is in operation. 
3. In general, a buffer amplifier's purpose is to keep one circuit from overloading another. 
B. Configuration
1. Using a buffer amplifier, the signal received from the lower chest lead may be used as an input to the amplifier.  The second input is received by splitting the supply voltage in half across the voltage divider.  
2. Combing these two signals in a negative feedback configuration and then feeding the output back to the body allows the circuit and skin to reach a common potential. 
C. Expected Test Results
1. Ideally, a buffer amplifier's input voltage should equal it's output voltage due to the negative feedback configuration. 
II. INA321 Amplification
A. Purpose
1. The INA321 is the main amplifier in the circuit. Here, it amplifies the differential signal between the two inputs by a factor of 5. This factor of 5 is deemed as an adequate amplification of signals in the -5mV to 5mV range. 
2. It's high Common Mode Rejection Ratio of 94dB also filters the common mode noise.
B. Configuration
1. The two leads attached to the patients chest feed their differential signal to the INA321 for amplification. 
C. Expected Test Results
1. Amplification of the input signals by a factor of approximately 5. 
III. INA321 Support Amplifier
A. Purpose
1. A large amplification produces an output that is sensitive to variations in electrode to skin contact resistance. This is know as baseline wandering.  The OPA336 amplifier is used to eliminate this baseline wandering. 
B. Configuration
1. The OPA336 amplifier integrates the DC content of the amplified signal and feeds it back to the INA321 through it's reference pin. This gives the INA321 a constant DC level at output regardless of skin contact resistance and eliminates baseline wandering. 
IV. Filtering
A. Purpose
1. Both the third OPA336 from the left and the two filters at the end of the circuit behave as low pass filters. These filters pass low frequencies and weaken (cut-off) high frequencies.
2. In the final implementation, these filters will serve to eliminate additional noise from the EKG signal. 
B. Configuration
1. The amplifier receives inputs from the INA321 and the voltage divider in the Right Leg Drive Circuit. The resulting output is an additional amplification of the signal from the INA321. 
2. The cutoff frequency for the amplifier is found to be 33.898 Hz. Any frequency above this one in actual implementation should be cut off and not allowed to pass. 
C. Expected Results
1. The output should reflect an amplification of the input signal from the INA321.
2. The output signal should not have any frequencies above 33.898Hz. 





V. Power Supply 
A. Purpose
1. The INA321 amplifier operates with a supply voltage typically between 2.7V and 5.5V while the OPA4336 amplifier operates with a supply voltage typically between 2.3V and 5.5V. Coming from the Mica2, the analog sensor board will receive 3V DC voltage to power both amplifiers. 
B. Configuration
1. By placing the capacitors in parallel with the voltage source, the capacitors remove any AC voltage that may enter the DC voltage as electrical interference.
C. Expected Results
1. Both amplifiers should operate given a voltage in their supply voltage range. 












Validation and Testing of Analog Sensor Board
Simulation Results:
	Note: All graphs show the results of transient analysis and graph voltage vs time.
I. Test Unit 1: Right Leg Drive Circuit
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A. Test 1: First verification of operation under normal operating conditions
(1) Purpose:  Verify circuit operates as expected given input signals in the operational range and given input power supply in the range 2.3V to 5.5V. 
(2) Input Signals: 0.5V DC across a voltage divider
(3) Input Power Supply: 3V DC
(4) Conclusion:  Input voltages differential approximately equal output voltage as expected. The test was successful. Results are graphed below. 
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B. Test 2: Second verification of operation under normal operating conditions
(1) Purpose:  Verify circuit operates as expected given input signals in the operational range and given input power supply in the range 2.3V to 5.5V. 
(2) Input Signals: 1V DC across a voltage divider
(3) Input Power Supply: 2.8V DC
(4) Conclusion:  Input voltages differential approximately equal output voltage as expected. The test was successful. Results are graphed below. 
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C. Test 3: Verification of non-operation when given voltage outside power supply requirements
(1) Purpose: Verify the circuit will not operate as expected when a voltage supply is given that exceeds 7.5V
(2) Input Signals: 0.5V DC across a voltage divider
(3) Input Power Supply: 100V DC
(4) Conclusion: Output voltage falls to zero; reflects the op-amps inability to operate. The test was successful. Results are graphed below. 
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D. Test 4: Verification of non-operation when given input voltage is outside typical input voltages
(1) Purpose: Verify the circuit will not operate as expected when voltage across the signal input terminals exceeds 0.3V
(2) Input Signals: 100V DC across a voltage divider 
(3) Input Power Supply: 3V DC
(4) Conclusion: Input voltages not allowed to exceed approximately 3.75V; output voltage reflects differential of limited inputs.  The test was successful. Results are graphed below. 
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II. Test Unit 2: INA321 Amplification 
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A. Test 1: Verification of correct operation of the INA321 precision amplifier under normal operating conditions
(1) Purpose: Verify the circuit will operate as expected given input signals and an input voltage in its operating range
(2) Input Signals: 
(a) Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm : 1mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) Conclusion: Output voltage reflects an amplification of the two input signals by a factor of approximately 5. The test was successful. The results are graphed below. 
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B. Test 2: Verification of correct non-operation of the INA321 precision amplifier with an input voltage outside the normal range
(1) Purpose: Verify the circuit will not operate correctly when it is supplied by a voltage source greater than 7.5V DC.  
(2) Input Signals: 
(a)  Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm:  2mV AC with frequency of  2kHz
(3) Input Power Supply: 100V DC
(4) Conclusion: The given model did not accurately depict the INA321 being non-operational; the circuit still amplified the inputs signals as in Test 1. However, from other laboratory experience we know that a voltage source greater than what the op-amp is measured to handle will result in inoperation and damaged hardware. The results from the test are graphed below.
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C. Test 3: Verification of  non-operation of the INA321 precision amplifier with an input signal outside the normal range
(1) Purpose: Verify the circuit will not operate correctly when it is given an input voltage outside the range -0.5V to 0.5V.  
(2) Input Signals: 
(a) Right Arm: 100V AC with frequency of 2kHz 
(b) Left Arm: 2mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) Conclusion: Output voltage amplifies signals up to its tolerance before cutting off, as expected. The results are graphed below. 
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III. [image: ]Test Unit 3: Low Pass Filtering 
	














A. Test 1: Verification of correct operation of the low pass filter under normal operating conditions
(1) Purpose: Verify the circuit will operate as expected given input signals and an input voltage in the op-amp's operating range. 
(2) Input Signals: 
(a) Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm : 1mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) Conclusion: Output voltage reflects an amplification between two input signals. One input signal comes from the INA321 while the other comes from the voltage divider in the Right Leg Drive circuit. The approximate difference between the two input signals is the resulting output as seen below. 
(5) Note: This low pass filter is assumed operational if the first two stages of the circuit are operational
(a) The INA321 precision amplifier verifies correct input signals
(b) [image: ]Correct operation of the first OPA336 used in the Right Leg Drive circuit verifies correct power supply voltage






IV. Test Unit 4: Final Filtering and Output
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A. Test 1: Verification of correct operation of the final amplifier and filters under normal operating conditions
(1) Purpose: Verify the circuit will operate as expected given input signals and an input voltage in the op-amp's operating range. 
(2) Input Signals: 
(a) Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm : 1mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) Conclusion: Voltage obtained from the low pass filter remains as expected. The final output voltage through the final buffer amplifier is not as expected; the expected voltage should be similar to the voltage coming from the low pass filter. This test needs to be tested in the laboratory to observe if results are similar or different. Depending on the outcome, the buffer amplifier may need to be omitted in the final design. 
(5) Note: This section is assumed operational if the first two stages of the circuit are operational
(a) The INA321 precision amplifier verifies correct input signals
(b) Correct operation of the first OPA336 used in the Right Leg Drive circuit verifies correct power supply voltage
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V. Test Unit 5: Complete Circuit Testing
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A. Test 1: Verification of correct operation given normal operation conditions
(1) Purpose: Verify the circuit will operate as expected given input signals and an input voltage in the operating ranges of the op-amps
(2) Input Signals: 
(a) Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm : 1mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) Conclusion: Voltage obtained from the low pass filter remains as expected. The final output voltage through the final buffer amplifier is not as expected; the expected voltage should be similar to the voltage coming from the low pass filter. This test needs to be tested in the laboratory to observe if results are similar or different. Depending on the outcome, the buffer amplifier may need to be omitted in the final design. 
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B. Test 2: Verification of non-operation of the circuit given an input signal greater than it's normal operating range
(1) Purpose: Verify the circuit will not operate correctly when the input voltages are not in the range -0.5V to 0.5V
(2) Input Signals: 
(a)  Right Arm: 100V AC with frequency of 2kHz 
(b) Left Arm:  2mV AC with frequency of  2kHz
(3) Input Power Supply: 3V DC
(4) [image: ]Conclusion: Output voltage does not reflect any type of expected signal as seen below verifying the circuit is not operational. 









C. Test 3: Verification of non-operation of the circuit given an input power supply greater than it's normal operating range
(1) Purpose: Verify the circuit will not operate correctly when the input power supply is greater than 7.5V
(2) Input Signals: 
(a)  Right Arm: 5mV AC with frequency of 2kHz 
(b) Left Arm:  2mV AC with frequency of  2kHz
(3) Input Power Supply: 100V DC
(4) [image: ]Conclusion: The final output of the circuit, shown below, does not match any expected output under normal operating conditions showing that the overall circuit was unable to operate correctly as expected. 
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Validation and Testing of Analog Sensor Board
Testing Flow Chart


Simulation and Laboratory Results Comparison
High Frequency Tests
	
	Note: All graphs show the results of transient analysis and graph voltage vs. time

I. Global Testing Specifications
A. Purpose: To verify expected operation of the analog sensor at specific points and the final output with high frequency inputs; these results may be compared to the strictly simulation results in the previous section to give approximate expected values and behaviors. These tests also verify that the analog sensor board receives adequate power from the Mica2 mote.
	B. Equipment:
		(1) Two agilent function generators with one probe per generator
		(2) One tektronix oscilloscope with three channels and one probe per channel
		(3) One Analog Sensor PCB
		(4) One Mica2 mote with attached DAQ
		(5) Breadboard and assorted wires
C. Laboratory Setup:
 (
Power from Mica2
)

 (
Ground from Mica2
) (
Test Point Probe to Oscilloscope
) (
Function Generator Input Signal & Ground Connections
) (
Input Signals to Board
) (
Power to Board
) (
Ground to Board
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	D. Input Signals:
		(1) Left Arm: 1kHz square wave with 100mV amplitude
		(2) Right Arm: 1kHz square wave with 500mV amplitude
		(3) Right Leg: 1kHz square wave with 500mV amplitude
	D. Input Power Supply: 3V DC (supplied by Mica2 mote)
	F. Safety Precautions:
		(1) Inputs (signal and power supply) were limited to the accepted operating 			ranges of the components to avoid damaging the hardware
		(2) Power was cut to the analog sensor board during wiring modifications to 			  avoid shock
		(3) Electrostatic resistant methods were followed to avoid damaging the 				hardware
		(4) Power was cut to the analog sensor board during input signal changes to 			 avoid damaging the hardware































II. Test Unit 1: Right Leg Drive Circuit
A. [image: ]Circuit Test Unit:
 (
Schematic Unit
)
 (
Corresponding parts on the PCB with Test Point 1 used for output
)[image: ]
	B. Simulation Results with Specified Inputs:
[image: ]
	C. Laboratory Results with Specified Inputs: 	
[image: ]	Note: Orange represents the input from the right leg and blue represents the 				output from the right leg drive circuit
			
	D. Conclusion: The measured results obtained from the hardware in laboratory reflect 		the results obtained from the simulator; the output is a mirror of the input due to the 		buffer amplifier configuration. The test was successful.






III. Test Unit 2: INA321 Amplification
	A. Circuit Test Unit:

 (
Schematic Unit
)[image: ]
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 (
Corresponding parts on the PCB with Test Point 2 used for output
)

	B. Simulation Results with Specified Inputs:
[image: ]
	C. Laboratory Results with Specified Inputs:

[image: ]
	D. Conclusion: Both the simulation and laboratory results depict an amplified version of 	the differential between the input signals. The results from laboratory are cleaner and 		avoid the spikes seen in the simulated results. This may be due to the additional 			precision and other specifications of the OPA336 amplifier used in the circuit versus the 	OPA335 amplifier used in the simulation. Overall the results obtained in the laboratory 		provide a better and more expected output than the simulation results resulting in a 		successful test for the hardware.




IV. Test Unit 3: Low Pass Filtering
A. Circuit Test Unit:

 (
Schematic Unit
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 (
Corresponding parts on the PCB with Test Point 6 used for output
)[image: ]

	B. Simulation Results with Specified Inputs:
[image: ]
	C. Laboratory Results with Specified Inputs:
[image: ]
	D. Conclusion: Both the simulation and laboratory results depict a smaller amplified 		version of the differential coming from the INA321 as expected. Once again, the results 		from laboratory are cleaner and avoid the spikes seen in the simulated results. Overall, 		however, the results again approximately mirror the expected results marking the test as 		successful. 	







V: Test Unit 4: Final Filtering and Output
Circuit Test Unit:

[image: ]
 (
Schematic Unit
)


[image: ]
 (
Corresponding parts on the PCB with PL6 used for output
)





	B. Simulation Results with Specified Inputs:

[image: ]
	C. Laboratory Results with Specified Inputs:

[image: ]
	D. Conclusion: As with the previous section's test unit 4, the results obtained both from 		simulation and laboratory reflect undesirable values. This is due to the high frequency 		inputs, as will be shown in later tests. The low pass filters at the end of the circuit do not 	allow these higher frequencies through this part of the circuit resulting in the “garbage” 		data. If high frequency inputs are necessary during operation of the circuit, the final 		output must be taken from the previous point.





VI. Test Unit 5: Complete Circuit Testing
A. Circuit Test Unit:

[image: ]
 (
Schematic Unit
)

	B. Simulation Results with Specified Inputs:
[image: ]
	C. Laboratory Results with Specified Inputs:
[image: ]
	D. Conclusion: As with the previous section's test unit 4, the results obtained both from 	simulation and laboratory reflect undesirable values. This is due to the high frequency 		inputs, as will be shown in later tests. The low pass filters at the end of the circuit do not 	allow these higher frequencies through this part of the circuit resulting in the “garbage” 		data. If high frequency inputs are necessary during operation of the circuit, the final 		output must be taken from the previous point.




Laboratory Results 
Low Frequency Tests: Square Wave Testing
	
	
I. Global Testing Specifications
A. Purpose: To verify expected operation of the analog sensor at specific points and the final output with low frequency inputs; these results may be compared to the strictly simulation results in the previous sections to give approximate expected values and behaviors. Low frequency tests were performed in preparation for integration testing because the Mica2 mote requires low frequency signals for adequate sampling and reconstruction. 
	B. Equipment:
		(1) Two agilent function generators with one probe per generator
		(2) One tektronix oscilloscope with three channels and one probe per channel
		(3) One Analog Sensor PCB
		(4) One Mica2 mote with attached DAQ
		(5) Breadboard and assorted wires
	C. Laboratory Setup: 
 (
Power from Mica2
)

 (
Ground from Mica2
) (
Test Point Probe to Oscilloscope
) (
Function Generator Input Signal & Ground Connections
) (
Input Signals to Board
) (
Power to Board
) (
Ground to Board
)[image: ]










D.  Input Signals: The right leg, right arm, and left arm all received the same input signals. For these tests, this was a square wave with frequencies of 7.5Hz, 5Hz, 4Hz, 2Hz, 1Hz, and 0.5Hz to give a total of distinct tests. 		
	E. Input Power Supply: 3V DC (supplied by Mica2 mote)
	F. Safety Precautions:
		(1) Inputs (signal and power supply) were limited to the accepted operating 			ranges of the components to avoid damaging the hardware
		(2) Power was cut to the analog sensor board during wiring modifications to 			avoid shock
		(3) Electrostatic resistant methods were followed to avoid damaging the 				hardware
		(4) Power was cut to the analog sensor board during input signal changes to 			avoid damaging the hardware
































II. 7.5Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 7.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 


B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


		(2) Input Signal: Square wave with 500mV amplitude at 7.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]













(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
		(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	       	  (2) Input Signal: Square wave with 500mV amplitude at 7.5Hz
	        	  (3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: The output obtained reflects the expected output from this test point. Here the output signal is reduced slightly after moving through the filter. The test was proven successful.

	D. Final Filtering and Output
	   	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; PL6 used for output
)

	        	 (2) Input Signal: Square wave with 500mV amplitude at 7.5Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: Due to the lower frequencies used in these test, the final output obtained is a reflection of the input signals as opposed to the previous tests with higher frequencies. Here, an amplified output signal measures 640mV proving that the circuit was successful in producing and filtering it's input signals as specified by the project specifications. 
	E. Complete Circuit Testing
	   	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	       	(2) Input Signal: Square wave with 500mV amplitude at 7.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. Here, an amplified output 			signal measures 640mV proving that the circuit was successful in producing and 			filtering it's input signals as specified by the project specifications. 

III. 5Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 
B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Square wave with 500mV amplitude at 5Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	    	 (1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Square wave with 500mV amplitude at 5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: The output obtained reflects the expected output from this test point. Here the output signal is reduced slightly after moving through the filter. The test was proven successful.

	D. Final Filtering and Output
	    	 (1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	 (2) Input Signal: Square wave with 500mV amplitude at 5Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: Due to the lower frequencies used in these test, the final output obtained is a reflection of the input signals as opposed to the previous tests with higher frequencies. Here, an amplified output signal measures 680mV proving that the circuit was successful in producing and filtering it's input signals as specified by the project specifications. 
	E. Complete Circuit Testing
	    	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	        	(2) Input Signal: Square wave with 500mV amplitude at 5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: The final output obtained is a reflection of the input signals as opposed to the previous tests with higher frequencies. An amplified output signal measures 680mV proving that the circuit was successful in producing and filtering it's input signals as specified by the project specifications. 

III. 4Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 4Hz
(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Square wave with 500mV amplitude at 4Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	    	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Square wave with 500mV amplitude at 4Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
 (
PCB with components under test outlined; PL6 used for output
)[image: ]



	        	 (2) Input Signal: Square wave with 500mV amplitude at 4Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: Due to the lower frequencies used in these test, the final output obtained is a reflection of the input signals as opposed to the previous tests with higher 	frequencies. Here, an amplified output signal measures 740mV proving that the circuit was successful in producing and filtering it's input signals as specified by the project specifications. 
E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	         	(2) Input Signal: Square wave with 500mV amplitude at 4Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		measures 740mV proving that the circuit was successful in producing and filtering 		it's input signals as specified by the project specifications.
 
III. 2Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 2Hz
(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Square wave with 500mV amplitude at 2Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
Corresponding parts on the PCB with Test Point 6 used for output
)


	         (2) Input Signal: Square wave with 500mV amplitude at 2Hz
	         (3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. 	Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful. The distortion is caused by the lower frequency 			value. 
	D. Final Filtering and Output
	     	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	         	(2) Input Signal: Square wave with 500mV amplitude at 2Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. 	Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful. The distortion is caused by the lower frequency 			value. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	        	(2) Input Signal: Square wave with 500mV amplitude at 2Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		proves that the circuit was successful in producing and filtering it's input signals 			as specified by the project specifications. The distortion in the signal is caused by 		the lower frequency signal. 
III. 1Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 1Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 
C. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Square wave with 500mV amplitude at 1Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	        	(2) Input Signal: Square wave with 500mV amplitude at 1Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	(2) Input Signal: Square wave with 500mV amplitude at 1Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: Due to the lower frequencies used in these test, the final output 			obtained is a reflection of the input signals as opposed to the previous tests with 			higher 	frequencies. Here, an amplified output signal measures 680mV proving 			that the circuit was successful in producing and filtering it's input signals as 			specified by the project specifications. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	         	(2) Input Signal: Square wave with 500mV amplitude at 1Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		proves that the circuit was successful in producing and filtering it's input signals 			as specified by the project specifications. The distortion in the signal is caused by 		the lower frequency signal. 
III. 1Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Square wave with 500mV amplitude at 0.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Square wave with 500mV amplitude at 0.5Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
Corresponding parts on the PCB with Test Point 6 used for output
)


	        	 (2) Input Signal: Square wave with 500mV amplitude at 0.5Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	(2) Input Signal: Square wave with 500mV amplitude at 0.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		proves that the circuit was successful in producing and filtering it's input signals 			as specified by the project specifications. The distortion in the signal is caused by 		the lower frequency signal. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	         	(2) Input Signal: Square wave with 500mV amplitude at 0.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		proves that the circuit was successful in producing and filtering it's input signals 			as specified by the project specifications. The distortion in the signal is caused by 		the lower frequency signal. 
Laboratory Results 
Low Frequency Tests: Sine Wave Testing
	
	
I. Global Testing Specifications
A. Purpose: To verify expected operation of the analog sensor at specific points and the final output with low frequency inputs; these results may be compared to the strictly simulation results in the previous sections to give approximate expected values and behaviors. Low frequency tests were performed in preparation for integration testing because the Mica2 mote requires low frequency signals for adequate sampling and reconstruction. 
	B. Equipment:
		(1) Two agilent function generators with one probe per generator
		(2) One tektronix oscilloscope with three channels and one probe per channel
		(3) One Analog Sensor PCB
		(4) One Mica2 mote with attached DAQ
		(5) Breadboard and assorted wires
	C. Laboratory Setup: 
 (
Power from Mica2
)

 (
Ground from Mica2
) (
Test Point Probe to Oscilloscope
) (
Function Generator Input Signal & Ground Connections
) (
Input Signals to Board
) (
Power to Board
) (
Ground to Board
)[image: ]










D.  Input Signals: The right leg, right arm, and left arm all received the same input signals. For these tests, this was a sine wave with frequencies of 7.5Hz, 5Hz, 4Hz, 2Hz, 1Hz, and 0.5Hz to give a total of distinct tests. 		
	E. Input Power Supply: 3V DC (supplied by Mica2 mote)
	F. Safety Precautions:
		(1) Inputs (signal and power supply) were limited to the accepted operating 			ranges of the components to avoid damaging the hardware
		(2) Power was cut to the analog sensor board during wiring modifications to 			avoid shock
		(3) Electrostatic resistant methods were followed to avoid damaging the 				 hardware
		(4) Power was cut to the analog sensor board during input signal changes to 			avoid damaging the hardware
































II. 7.5Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 7.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 


B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 7.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 

	C. Low Pass Filtering
	     	(1) Circuit Test Unit:

[image: ]
 (
Corresponding parts on the PCB with Test Point 6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 7.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 7.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: Due to the lower frequencies used in these test, the final output 			obtained is a reflection of the input signals as opposed to the previous tests with 			higher 	frequencies. Here, an amplified output signal measures 580mV proving 			that the circuit was successful in producing and filtering it's input signals as 			specified by the project specifications. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	         	(2) Input Signal: Sine wave with 500mV amplitude at 7.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. Here, an amplified output 			signal measures 580mV proving that the circuit was successful in producing and 			filtering it's input signals as specified by the project specifications. 

III. 5Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 
B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 5Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 5Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 5Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: Due to the lower frequencies used in these test, the final output 			obtained is a reflection of the input signals as opposed to the previous tests with 			higher 	frequencies. Here, an amplified output signal measures 560mV proving 			that the circuit was successful in producing and filtering it's input signals as 			specified by the project specifications. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	         	(2) Input Signal: Sine wave with 500mV amplitude at 5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		measures 560mV proving that the circuit was successful in producing and filtering 		it's input signals as specified by the project specifications. 

III. 4Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 4Hz
(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 4Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 4Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. 	Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:
[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 4Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: Due to the lower frequencies used in these test, the final output 			obtained is a reflection of the input signals as opposed to the previous tests with 			higher frequencies. Here, an amplified output signal measures 580mV proving 			that the circuit was successful in producing and filtering it's input signals as 			specified by the project specifications. 
	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PL6 used for output
)

	        	 (2) Input Signal: Sine wave with 500mV amplitude at 4Hz
	        	 (3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. An amplified output signal 		measures 580mV proving that the circuit was successful in producing and filtering 		it's input signals as specified by the project specifications. 

III. 2Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 2Hz
(3) Laboratory Results with Specified Inputs:

[image: ]	
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 2Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 2Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful. The distortion is caused by the lower frequency 			value. 
	D. Final Filtering and Output
	     	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 2Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. 	Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful. The distortion is caused by the lower frequency 			value. 
	E. Complete Circuit Testing
	     	 (1) Circuit Test Unit:
[image: ]
 (
PL6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 2Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. This amplified signal 			proves that this test was successful. 


III. 1Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 1Hz
(3) Laboratory Results with Specified Inputs:

[image: ]

(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 
B.  INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 1Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 1Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 1Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. This amplified signal 			proves that this test was successful. 

	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:
[image: ]
 (
PL6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 1Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. This amplified signal 			proves that this test was successful. 


III. 1Hz Frequency Test
A. Right Leg Drive Circuit 
(1) Circuit Test Unit: 

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 1
)


(2) Input Signal: Sine wave with 500mV amplitude at 0.5Hz
(3) Laboratory Results with Specified Inputs:

[image: ]
(4) Conclusion: As expected, the output from the right leg drive circuit mirrors the input into the right leg; therefore, the test was successful. 

B. INA321 Amplification 
(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; output taken from Test Point 2
)


(2) Input Signal: Sine wave with 500mV amplitude at 0.5Hz
(3) Laboratory Results with Specified Inputs:
[image: ]

(4) Conclusion: The output obtained at this test point depicts the amplified version of the differential signal between the two inputs. This is the expected behavior as has been shown in previous testing thereby ruling this test as a success. 
	C. Low Pass Filtering
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; Test Point 6 used for output
)


	         	(2) Input Signal: Sine wave with 500mV amplitude at 0.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The output obtained reflects the expected output from this test 			point. Here the output signal is reduced slightly after moving through the filter. 			The test was proven successful.

	D. Final Filtering and Output
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with components under test outlined; PL6 used for output
)


	        	(2) Input Signal: Sine wave with 500mV amplitude at 0.5Hz
	         	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. This amplified signal 			proves that this test was successful. 

	E. Complete Circuit Testing
	      	(1) Circuit Test Unit:

[image: ]
 (
PCB with PL6 used for output
)

	         	(2) Input Signal: Sine wave with 500mV amplitude at 0.5Hz
	        	(3) Laboratory Results with Specified Inputs:

[image: ]
		(4) Conclusion: The final output obtained is a reflection of the input signals as 			opposed to the previous tests with higher frequencies. This amplified signal 			proves that this test was successful. 


Bill of Materials: EKG Analog Board

	Quantity
	Designator
	Component
	Package
	Manufacturer  Part #

	1
	U2
	INA321
	8-MSOP
	INA321E/250

	1
	U1
	OPA4336
	16-SSOP
	OPA4336EA/250

	2
	R3, R4
	Resistor  100k, 5%
	0805
	CRCW0805100KJNEB

	3
	R7, R10, R11
	Resistor  1M, 5%
	0805
	CRCW08051M00JNEA

	3
	R1, R2, R12
	Resistor  47k, 5%
	0805
	CRCW080547K0JNEA

	2
	R5, R6
	Resistor  2.2M, 5%
	0805
	CRCW08052M20JNEA

	1
	R8
	Resistor 3.3k, 5%
	0805
	CRCW08053K30JNEA

	1
	R13
	Resistor 4.7k, 5%
	0805
	CRCW08054K70JNEA

	1
	R9
	Resistor 806, 5%
	0805
	CRCW0805806RFKEA

	2
	C5, C6
	Capacitor 0.1µF
	0805
	VJ0805Y104KXARW1BC

	2
	C1, C4
	Capacitor 0.1µF
	1210
	FCP1210C104G-G3 

	1
	C2
	Capacitor 4.7nF
	1206
	C1206C472K1RAC7025

	1
	C3
	Capacitor 1µF
	1210
	ECP-U1C105MA5

	3
	CONN1, CONN2, CONN3
	Connector
	SMA/MCX
	Not Bought at this Time



These quantities are based on one sensor design.  All ordering of parts must be the number of sensors being designed times the quantities shown above.
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Validation and Testing of Wireless Sensor Network
Testing Flow Chart
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Single and Multi-Hop Wireless Sensor Network

Test Unit 1: 1-Hop Wireless Sensor Network
Purpose: 
Test the sampling rate of MICA2 and MDA100CB acquisition board.
Test the ability to graphically represent the data transmitted and received.
Test the frequency band at which the data is being transmitted at.
Description:
	The test done uses the MIB520 base station which is represented in the below figure as the Gateway (GW).  Attached to the gateway is one of the MICA2 motes used to receive the incoming data.  There are two other motes in this test represented as Nodes 1 and 2.  Node 1 during the whole test stays at room temperature.  Node 2 first starts out at room temperature, but then is placed in the freezer.  Upon stabilizing at 0ºC the node is then removed from the freezer and then stabilizes back to room temperature.  The figure below shows the two Nodes prior to Node 2 entering the freezer.




The below figure shows the topology of the network along with the temperature data of Node 2, when the node had stabilized at 0ºC.











The figure below shows the live data that was obtained for Node2 through the Moteview software provided by Crossbow.  











The figure below shows the topology of the network and the resulting temperature data after Node2 had stabilized back around room temperature.


The Moteview Software also allows for the data to be exported to an excel file.  This allows for the data to be post-processed and analyzed.  Shown below is a small exert from the data obtained during the temperature test.
	Id
	Time
	voltage [V]
	temp [C]
	light

	2
	10/9/2010 10:51
	3.1948
	20.92
	923

	2
	10/9/2010 10:51
	3.1948
	20.92
	923

	2
	10/9/2010 10:51
	3.1866
	20.92
	924

	2
	10/9/2010 10:51
	3.1866
	20.92
	924

	2
	10/9/2010 10:51
	3.1948
	20.838
	925

	2
	10/9/2010 10:51
	3.1948
	20.838
	924

	2
	10/9/2010 10:51
	3.1866
	20.838
	924

	2
	10/9/2010 10:51
	3.1866
	20.838
	924

	2
	10/9/2010 10:51
	3.1948
	20.757
	924

	2
	10/9/2010 10:51
	3.1866
	20.757
	925

	2
	10/9/2010 10:51
	3.1866
	20.757
	925

	2
	10/9/2010 10:51
	3.1948
	20.757
	925

	2
	10/9/2010 10:51
	3.1948
	20.757
	924

	2
	10/9/2010 10:51
	3.1866
	20.838
	924

	2
	10/9/2010 10:51
	3.1948
	20.757
	924

	2
	10/9/2010 10:51
	3.1866
	20.757
	925

	2
	10/9/2010 10:51
	3.1866
	20.757
	925

	2
	10/9/2010 10:51
	3.1866
	20.757
	924

	2
	10/9/2010 10:51
	3.1948
	20.757
	924

	2
	10/9/2010 10:51
	3.1866
	20.757
	924

	2
	10/9/2010 10:51
	3.1948
	20.757
	924

	2
	10/9/2010 10:51
	3.1866
	20.838
	884

	2
	10/9/2010 10:51
	3.1866
	20.838
	908

	2
	10/9/2010 10:51
	3.1948
	20.92
	915

	2
	10/9/2010 10:51
	3.1866
	20.92
	833

	2
	10/9/2010 10:51
	3.1866
	20.757
	757

	2
	10/9/2010 10:51
	3.1866
	20.431
	567

	2
	10/9/2010 10:52
	3.1866
	20.186
	262

	2
	10/9/2010 10:52
	3.1866
	19.941
	0

	2
	10/9/2010 10:52
	3.1866
	19.778
	0

	2
	10/9/2010 10:52
	3.1866
	19.452
	0

	2
	10/9/2010 10:52
	3.1866
	19.289
	0

	2
	10/9/2010 10:52
	3.1866
	19.044
	0

	2
	10/9/2010 10:52
	3.1866
	18.717
	0

	2
	10/9/2010 10:52
	3.1866
	18.391
	0



		Notice that the ID shows 2 which correctly identifies the node being tested.  Also 		notice the highlighted cells. At this time the light sensor shows no reading which 	represents the sensor going into the freezer.  Next notice the general trend of the 	temperature data after the first sign of darkness by the light sensor.  
	Conclusion:
		The Moteview software allows for the network topology to be graphically 	represented.  Not only does the topology show the data, but a chart can be obtained in the 	software to show the live data.  The sampling rate was set by simply setting the data rate 	to 0.25 seconds.  The frequency band was tested by downloading the program onto the 	mote with the 916MHz frequency band set for communication.  If any device was set to a 	different frequency band the motes/nodes would not be able to effectively communicate. 

Test Unit 2: Multi-Hop Wireless Sensor Network
Purpose: 
Test the ability to achieve a multi-hop network
Test the distance between hops.
Description:
	The test done uses the MIB520 base station which is represented in the below figure as the Gateway (GW).  Attached to the gateway is one of the MICA2 motes used to receive the incoming data.  There are two other motes in this test represented as Nodes 1 and 2.  To correctly show a multi-hop sensor network, Node 2 must use Node 1 to completely send its data to the gateway or base station.  The figure below shows the successful two hop network.


	





Conclusion:
		In conclusion,  the graphical representation provided by the Moteview software shows that Node2 has to use Node1 to access the gateway.  The test also proved that inside Houser Hall a range of 20-40m was achieved before needing to a different mote to hop to the gateway.  Whenever the motes were outside the distance increased to a range of 50-100m all depending upon obstacles in the way.  The indoor range is drastically reduced compared to the outdoor range do to the walls, doors, and other obstacles that cause interference between the nodes.	



















Network Topology Test
The network topology test consisted of starting up a wireless sensor network with four different nodes.  All four of these nodes were initially connected through the base station. The figure below shows the initial setup.  
[image: ]
After successfully setting up the network, several different topologies were desired to show full functionality and diversity of the network.  These different topologies can be seen below as four different cases.

Case 1: 
The figure below shows the network topology of the network after setting up the network to resemble Case 1.  The topology was viewed through the Moteview Software.
[image: ]
Case 2: 
The figure below shows the network topology of the network after setting up the network to resemble Case 2.  The topology was viewed through the Moteview Software.
[image: ]
Case 3: 
The figure below shows the network topology of the network after setting up the network to resemble Case 3.  The topology was viewed through the Moteview Software.
[image: ]
Case 4: 
The figure below shows the network topology of the network after setting up the network to resemble Case 4.  The topology was viewed through the Moteview Software.
[image: ]
Conclusion:

	From the Network Topology Test it was determine that our network could handle the multiple nodes in many different configurations.  The Moteview software and code allowed for our network to configure in real time allowing for any configuration or topology desired.  The Network Topology Test successfully showed the ability of our wireless network to change in real time.




















Sampling Rate Test
The sampling rate test consisted of taking as many readings as possible within a given time.  The time used for each test was 30 seconds.  In each test, the number of samples were then divided by the time to determine the frequency at which the MICA2 mote was sampling.  Four tests were completed and the results from the four test were then averaged to determine the sampling rate.
Test 1:
	Sample #
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	1
	1.1576
	1.3003
	1.3511
	1.3764
	1.3955

	2
	1.1608
	1.3067
	1.3701
	1.3796
	1.3923

	3
	1.1386
	1.2971
	1.3542
	1.3859
	1.3986

	4
	1.1417
	1.2908
	1.3511
	1.3733
	1.3796

	5
	1.1608
	1.2971
	1.3542
	1.3764
	1.3891

	6
	1.1544
	1.2908
	1.3511
	1.3701
	1.3828

	7
	1.1703
	1.3003
	1.3542
	1.3764
	1.3955

	8
	1.1671
	1.3067
	1.3542
	1.3859
	1.3923

	9
	1.1639
	1.294
	1.3511
	1.3733
	1.3923

	10
	1.1513
	1.294
	1.3542
	1.3764
	1.3923

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	604
	1.1481
	1.2971
	1.3606
	1.3796
	1.3955

	605
	1.1449
	1.3003
	1.3511
	1.3859
	1.3986

	606
	1.1513
	1.2908
	1.3606
	1.3796
	1.3859

	607
	1.1481
	1.3067
	1.3574
	1.3796
	1.3923

	608
	1.1544
	1.2908
	1.3606
	1.3796
	1.3859

	609
	1.1608
	1.3003
	1.3542
	1.3733
	1.3923

	610
	1.1386
	1.2876
	1.3479
	1.3733
	1.3828

	611
	1.1576
	1.2971
	1.3606
	1.3859
	1.3955

	612
	1.1513
	1.3035
	1.3606
	1.3828
	1.3923

	613
	1.1576
	1.2971
	1.3574
	1.3764
	1.3891

	614
	1.1449
	1.3067
	1.3574
	1.3796
	1.3923

	615
	1.1608
	1.294
	1.3542
	1.3733
	1.3891

	616
	1.2083
	1.313
	1.3701
	1.3828
	1.3955

	617
	1.1544
	1.2971
	1.3511
	1.3701
	1.3955

	618
	1.1386
	1.2876
	1.3542
	1.3764
	1.3923

	619
	1.1544
	1.294
	1.3511
	1.3828
	1.3923

	620
	1.1671
	1.3035
	1.3542
	1.3764
	1.3859

	621
	1.1639
	1.3067
	1.3669
	1.3891
	1.3986




Results:



Test 2:
	Sample #
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	1
	1.1671
	1.3098
	1.332
	1.3733
	1.3891

	2
	1.1481
	1.2908
	1.3447
	1.3669
	1.3764

	3
	1.1449
	1.3067
	1.3606
	1.3859
	1.3606

	4
	1.1481
	1.2971
	1.3574
	1.3859
	1.3859

	5
	1.1576
	1.294
	1.3511
	1.3733
	1.3891

	6
	1.1354
	1.2971
	1.3542
	1.3828
	1.3891

	7
	1.1386
	1.2971
	1.3542
	1.3828
	1.4018

	8
	1.1576
	1.294
	1.3574
	1.3796
	1.3828

	9
	1.1449
	1.294
	1.3542
	1.3796
	1.3859

	10
	1.1513
	1.3035
	1.3637
	1.3828
	1.3511

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	594
	1.1576
	1.3035
	1.3542
	1.3796
	1.3891

	595
	1.1576
	1.2876
	1.3574
	1.3796
	1.3955

	596
	1.1481
	1.3035
	1.3574
	1.3828
	1.3955

	597
	1.1735
	1.3003
	1.3606
	1.3796
	1.3955

	598
	1.2274
	1.313
	1.3606
	1.3764
	1.3891

	599
	1.1735
	1.294
	1.3542
	1.3733
	1.3859

	600
	1.1639
	1.313
	1.3606
	1.3828
	1.3859

	601
	1.1639
	1.2971
	1.3542
	1.3796
	1.3923

	602
	1.1671
	1.294
	1.3574
	1.3796
	1.3891

	603
	1.1449
	1.3067
	1.3574
	1.3764
	1.3891

	604
	1.1639
	1.2971
	1.3574
	1.3733
	1.3891

	605
	1.1576
	1.2971
	1.3511
	1.3733
	1.3923

	606
	1.1703
	1.3067
	1.3574
	1.3796
	1.3828

	607
	1.1576
	1.3035
	1.3637
	1.3923
	1.3923

	608
	1.1481
	1.2971
	1.3511
	1.3796
	1.3891

	609
	1.1449
	1.3003
	1.3574
	1.3796
	1.3891

	610
	1.1481
	1.3035
	1.3511
	1.3733
	1.3955

	611
	1.1608
	1.3098
	1.3637
	1.3828
	1.3955




Results:


Test 3:
	Sample #
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	1
	1.1836
	1.2898
	1.3304
	1.3491
	1.3585

	2
	1.1805
	1.2898
	1.3429
	1.3522
	1.371

	3
	1.1805
	1.2929
	1.3366
	1.3554
	1.3679

	4
	1.1774
	1.2991
	1.3366
	1.3585
	1.371

	5
	1.168
	1.296
	1.3397
	1.3554
	1.3647

	6
	1.1866
	1.2837
	1.3369
	1.3588
	1.3713

	7
	1.1929
	1.3025
	1.3463
	1.362
	1.3713

	8
	1.1898
	1.2929
	1.3397
	1.3522
	1.3647

	9
	1.168
	1.2898
	1.3397
	1.3585
	1.3647

	10
	1.1866
	1.2962
	1.3432
	1.3588
	1.3807

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	503
	1.1678
	1.2993
	1.34
	1.362
	1.3713

	504
	1.1929
	1.3025
	1.3526
	1.3651
	1.3807

	505
	1.168
	1.2898
	1.3366
	1.3585
	1.3741

	506
	1.1836
	1.3054
	1.3491
	1.3679
	1.3835

	507
	1.1804
	1.2931
	1.3463
	1.362
	1.3745

	508
	1.1835
	1.2868
	1.3369
	1.362
	1.3776

	509
	1.1711
	1.2991
	1.3522
	1.3679
	1.3679

	510
	1.1961
	1.296
	1.3397
	1.3616
	1.3835

	511
	1.1866
	1.2993
	1.3432
	1.362
	1.3776

	512
	1.1711
	1.2773
	1.3335
	1.3585
	1.371

	513
	1.1742
	1.296
	1.3335
	1.3616
	1.371

	514
	1.1929
	1.2962
	1.3463
	1.3682
	1.3839

	515
	1.1678
	1.2899
	1.3338
	1.3526
	1.3713

	516
	1.1772
	1.3056
	1.3494
	1.362
	1.3776

	517
	1.1867
	1.2929
	1.3335
	1.3522
	1.3647

	518
	1.1774
	1.2929
	1.3397
	1.3647
	1.371

	519
	1.1678
	1.2899
	1.3494
	1.3651
	1.3713

	520
	1.1866
	1.2962
	1.3463
	1.3713
	1.3807



Results:


Test 4:
	Sample #
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	1
	1.1544
	1.294
	1.3637
	1.3859
	1.3891

	2
	1.1544
	1.2971
	1.3606
	1.3828
	1.3955

	3
	1.1481
	1.3003
	1.3542
	1.3764
	1.3859

	4
	1.1481
	1.2908
	1.3637
	1.3828
	1.3891

	5
	1.1513
	1.2971
	1.3574
	1.3859
	1.3955

	6
	1.1544
	1.2971
	1.3606
	1.3828
	1.3986

	7
	1.1388
	1.2875
	1.3571
	1.3824
	1.3824

	8
	1.1449
	1.2971
	1.3574
	1.3796
	1.3923

	9
	1.1322
	1.2971
	1.3542
	1.3764
	1.3923

	10
	1.1386
	1.3035
	1.3637
	1.3859
	1.3986

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	580
	1.1291
	1.3035
	1.3669
	1.3859
	1.3955

	581
	1.1291
	1.3035
	1.3606
	1.3796
	1.3923

	582
	1.1513
	1.2971
	1.3637
	1.3859
	1.4018

	583
	1.1449
	1.2971
	1.3606
	1.3764
	1.3891

	584
	1.1322
	1.3003
	1.3606
	1.3891
	1.3955

	585
	1.1322
	1.3003
	1.3574
	1.3859
	1.3955

	586
	1.1354
	1.3035
	1.3669
	1.3859
	1.3986

	587
	1.1513
	1.3003
	1.3606
	1.3828
	1.3891

	588
	1.1386
	1.3035
	1.3542
	1.3796
	1.3955

	589
	1.1261
	1.3001
	1.3665
	1.376
	1.3855

	590
	1.1576
	1.3067
	1.3606
	1.3796
	1.3923

	591
	1.1513
	1.3035
	1.3606
	1.3796
	1.3859

	592
	1.1386
	1.2971
	1.3606
	1.3828
	1.3955

	593
	1.1259
	1.3035
	1.3542
	1.3859
	1.3923

	594
	1.1322
	1.3035
	1.3637
	1.3796
	1.3986

	595
	1.1417
	1.3003
	1.3637
	1.3828
	1.3923

	596
	1.1322
	1.294
	1.3574
	1.3828
	1.3891

	597
	1.1481
	1.2971
	1.3606
	1.3859
	1.3891



Results:


Conclusion:
	It was concluded that our sampling rate was approximately 20Hz from our sampling rate test.  It was then determined that a sampling rate of 20Hz meant that we were sampling every 50ms as seen in the equation below.



















MICA2 Mote Battery Test
The MICA2 Mote battery test consisted of creating a 1-hop wireless sensor network.  A MDA100CB data acquisition board was attached to the sensing MICA2.  The data from the MICA2 was then sent wirelessly to the base station.  The data was then collected and tabulated into a Moteview database.  The database was later exported to view the battery's voltage reading over 18 hours.  The test consisted of sampling light and temperature  every second to determine how quickly the battery drained.  The figure below shows the setup of the test.  The graph below shows the results from the MICA2 Mote Battery Test.  

Conclusion:
The results from the MICA2 Mote Battery test shows that the MICA2 mote can continue sensing past 18 hours, which would be ideal to monitor a patient for a whole day.  From the graph and a continuation of this test it was determined that the battery's voltage level exponentially decreased and it would take longer to fully drain the battery from operating status.
Signal Reconstruction Test
 (
Sync
Output
Waveform Generator
Base Station
RF Mote
USB
)The signal reconstruction test consisted of applying a signal from a function generator directly to one of the ADC channels on the MDA100CB data acquisition board.  The data acquisition board was attached to the MICA2 mote which was directly connected to the MIB520 base station.  The figure below shows the setup of the test.  A sine wave and square wave were used at different frequencies to test the ability of the MICA2 mote and Moteview software to reconstruct the signal.  Frequencies of 0.5Hz, 1Hz, 2Hz, 4Hz, 5Hz and 7.5Hz were used to determine the limits of the software and mote.  



















Test 1: 0.5Hz Sine Wave
A 0.5Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 0.5Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1576
	1.2908
	1.3511
	1.3764
	0.89753

	0.1
	1.1671
	1.2908
	1.3415
	1.3796
	0.93559

	0.15
	1.1544
	1.3035
	1.3606
	1.3859
	0.97048

	0.2
	1.1671
	1.3067
	1.3511
	1.3828
	1.0244

	0.25
	1.1513
	1.3067
	1.3606
	1.3955
	1.0402

	0.3
	1.1513
	1.3035
	1.3574
	1.3923
	1.0751

	0.35
	1.1576
	1.3067
	1.3637
	1.3923
	1.0751

	0.4
	1.1513
	1.3035
	1.3606
	1.3923
	1.0878

	0.45
	1.1639
	1.3003
	1.3701
	1.3986
	1.0688

	0.5
	1.1544
	1.3067
	1.3574
	1.3859
	1.0624

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1386
	1.2908
	1.3511
	1.3637
	0.9229

	9.65
	1.1513
	1.294
	1.3447
	1.3637
	0.88485

	9.7
	1.1513
	1.2876
	1.3479
	1.3637
	0.84362

	9.75
	1.1671
	1.2876
	1.3352
	1.3637
	0.80239

	9.8
	1.1481
	1.2971
	1.3415
	1.3606
	0.75481

	9.85
	1.1449
	1.294
	1.3479
	1.3733
	0.69456

	9.9
	1.1449
	1.2813
	1.3352
	1.3511
	0.65333

	9.95
	1.1544
	1.2908
	1.3289
	1.3542
	0.61527

	10
	1.1735
	1.3035
	1.3415
	1.3606
	0.58038


Test 2: 0.5 Hz Square Wave
A 0.5Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 0.5Hz Square Wave. The table below shows the raw data from ADC6.



	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1449
	1.2876
	1.3415
	1.3637
	0.48524

	0.1
	1.1513
	1.2971
	1.3415
	1.3669
	0.49158

	0.15
	1.1639
	1.2908
	1.3447
	1.3733
	0.48524

	0.2
	1.1576
	1.3003
	1.3415
	1.3637
	0.49158

	0.25
	1.1386
	1.294
	1.3511
	1.3796
	0.48841

	0.3
	1.1354
	1.2813
	1.3384
	1.3637
	0.49158

	0.35
	1.1322
	1.2845
	1.3447
	1.3669
	0.48841

	0.4
	1.1354
	1.2781
	1.3384
	1.3637
	0.49158

	0.45
	1.1417
	1.2845
	1.3479
	1.3701
	0.48841

	0.5
	1.1671
	1.3035
	1.3606
	1.4145
	1.0846

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1544
	1.2908
	1.3606
	1.3891
	1.091

	9.65
	1.1639
	1.294
	1.3542
	1.3891
	1.0878

	9.7
	1.1798
	1.3098
	1.3574
	1.3923
	1.0846

	9.75
	1.1765
	1.3228
	1.3673
	1.3991
	1.0811

	9.8
	1.1608
	1.3067
	1.3606
	1.3955
	1.0846

	9.85
	1.1735
	1.3162
	1.3733
	1.4018
	1.0783

	9.9
	1.1735
	1.3067
	1.3701
	1.3923
	1.0846

	9.95
	1.1639
	1.3098
	1.3701
	1.3923
	1.0783

	10
	1.1608
	1.3035
	1.3637
	1.3859
	1.0846


Test 3: 1.0Hz Sine Wave
A 1.0 Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 1.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1671
	1.3003
	1.3574
	1.3891
	0.8785

	0.1
	1.183
	1.3035
	1.3606
	1.3891
	0.97048

	0.15
	1.1766
	1.3162
	1.3701
	1.3986
	1.0466

	0.2
	1.1925
	1.3193
	1.3733
	1.4081
	1.0783

	0.25
	1.1925
	1.313
	1.3701
	1.3955
	1.0783

	0.3
	1.183
	1.313
	1.3637
	1.3859
	1.0307

	0.35
	1.1861
	1.3193
	1.3733
	1.3891
	0.96096

	0.4
	1.1671
	1.3098
	1.3637
	1.3796
	0.85313

	0.45
	1.1671
	1.3035
	1.3542
	1.3669
	0.75164

	0.5
	1.1608
	1.3035
	1.3511
	1.3606
	0.64381

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1544
	1.2971
	1.3447
	1.3701
	0.58038

	9.65
	1.1671
	1.294
	1.3415
	1.3733
	0.6787

	9.7
	1.1639
	1.2971
	1.3415
	1.3764
	0.78019

	9.75
	1.1671
	1.3003
	1.3542
	1.3764
	0.89436

	9.8
	1.1544
	1.2971
	1.3574
	1.3891
	0.97999

	9.85
	1.1861
	1.3098
	1.3606
	1.3955
	1.0529

	9.9
	1.183
	1.3162
	1.3701
	1.4018
	1.0783

	9.95
	1.1798
	1.313
	1.3669
	1.3955
	1.0751

	10
	1.1639
	1.3098
	1.3669
	1.3891
	1.0244



Test 4: 1.0Hz Square Wave
A 1.0 Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 1.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.0688
	1.2654
	1.3415
	1.3859
	1.0846

	0.1
	1.0656
	1.2623
	1.3415
	1.3828
	1.0846

	0.15
	1.0529
	1.2686
	1.3384
	1.3669
	1.0846

	0.2
	1.0656
	1.2718
	1.3479
	1.3701
	1.0846

	0.25
	1.0593
	1.2718
	1.3384
	1.3701
	1.0815

	0.3
	1.0656
	1.2718
	1.3447
	1.3733
	1.0846

	0.35
	1.0656
	1.2686
	1.3447
	1.3764
	1.0846

	0.4
	1.072
	1.2749
	1.3511
	1.3828
	1.0846

	0.45
	1.0783
	1.2749
	1.3606
	1.3891
	1.0846

	0.5
	1.0498
	1.2686
	1.3511
	1.3796
	1.0846

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.0815
	1.2813
	1.3574
	1.3828
	1.0846

	9.65
	1.0751
	1.2654
	1.3447
	1.3479
	0.48524

	9.7
	1.0624
	1.2527
	1.3289
	1.3511
	0.48524

	9.75
	1.0561
	1.2527
	1.3257
	1.3511
	0.48524

	9.8
	1.0434
	1.2527
	1.332
	1.3479
	0.48524

	9.85
	1.0656
	1.2559
	1.3225
	1.3511
	0.48524

	9.9
	1.0624
	1.2559
	1.332
	1.3574
	0.48524

	9.95
	1.0529
	1.2559
	1.3257
	1.3542
	0.48524

	10
	1.0593
	1.2591
	1.3225
	1.3511
	0.48524



Test 5: 2.0 Hz Sine Wave
A 2.0 Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 2.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.183
	1.3035
	1.3511
	1.3828
	1.0846

	0.1
	1.1608
	1.3067
	1.3542
	1.3733
	1.0054

	0.15
	1.1449
	1.2876
	1.3415
	1.3637
	0.84996

	0.2
	1.1671
	1.2845
	1.3447
	1.3606
	0.67236

	0.25
	1.1671
	1.294
	1.3384
	1.3606
	0.53281

	0.3
	1.1671
	1.2845
	1.3415
	1.3542
	0.49158

	0.35
	1.1544
	1.2876
	1.3415
	1.3574
	0.55501

	0.4
	1.1513
	1.294
	1.3542
	1.3764
	0.70407

	0.45
	1.1449
	1.3003
	1.3574
	1.3828
	0.9229

	0.5
	1.1544
	1.3003
	1.3574
	1.3955
	1.0593

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1703
	1.294
	1.3542
	1.3828
	0.87533

	4.65
	1.1481
	1.2908
	1.3511
	1.3637
	0.66601

	4.7
	1.1513
	1.2876
	1.3384
	1.3542
	0.51061

	4.75
	1.1639
	1.2876
	1.3479
	1.3637
	0.50744

	4.8
	1.1544
	1.2908
	1.3479
	1.3669
	0.63747

	4.85
	1.1703
	1.294
	1.3447
	1.3764
	0.85313

	4.9
	1.1798
	1.3067
	1.3574
	1.3923
	1.0244

	4.95
	1.1671
	1.3098
	1.3606
	1.3986
	1.0846

	5
	1.183
	1.3098
	1.3669
	1.3859
	0.97682



Test 6: 2.0 Hz Square Wave
A 2.0 Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 2.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1576
	1.2876
	1.3352
	1.3542
	0.49158

	0.1
	1.1449
	1.2908
	1.3384
	1.3574
	0.49158

	0.15
	1.1449
	1.3003
	1.3637
	1.4081
	1.0846

	0.2
	1.1608
	1.3098
	1.3606
	1.4018
	1.0783

	0.25
	1.1513
	1.3098
	1.3637
	1.405
	1.0846

	0.3
	1.1513
	1.3098
	1.3574
	1.3891
	1.0783

	0.35
	1.1671
	1.3003
	1.3542
	1.3542
	0.49158

	0.4
	1.1354
	1.2845
	1.3447
	1.3542
	0.48524

	0.45
	1.1513
	1.2876
	1.3479
	1.3574
	0.49158

	0.5
	1.1513
	1.3003
	1.3479
	1.3606
	0.48524

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1671
	1.3035
	1.3542
	1.3986
	1.0815

	4.65
	1.1513
	1.3098
	1.3606
	1.3923
	1.0846

	4.7
	1.1703
	1.3193
	1.3733
	1.4081
	1.0815

	4.75
	1.1576
	1.313
	1.3606
	1.3923
	1.0846

	4.8
	1.1513
	1.3035
	1.3606
	1.3637
	0.48841

	4.85
	1.1576
	1.2876
	1.3479
	1.3542
	0.48841

	4.9
	1.1513
	1.2876
	1.3511
	1.3701
	0.49158

	4.95
	1.1544
	1.2908
	1.332
	1.3542
	0.48841

	5
	1.1386
	1.2876
	1.3447
	1.3637
	0.49158



Test 7: 4.0 Hz Sine Wave
A 4.0 Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 4.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1544
	1.3035
	1.3479
	1.3606
	0.50744

	0.1
	1.1417
	1.2971
	1.3606
	1.3828
	0.87216

	0.15
	1.1703
	1.3067
	1.3669
	1.3955
	1.072

	0.2
	1.1608
	1.294
	1.3606
	1.3796
	0.76433

	0.25
	1.1513
	1.2971
	1.3447
	1.3606
	0.48524

	0.3
	1.1513
	1.2971
	1.3542
	1.3701
	0.75799

	0.35
	1.1513
	1.3098
	1.3669
	1.3986
	1.072

	0.4
	1.1449
	1.3003
	1.3606
	1.3859
	0.88167

	0.45
	1.1544
	1.2908
	1.3606
	1.3733
	0.50744

	0.5
	1.1291
	1.2876
	1.3447
	1.3669
	0.65016

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1639
	1.3003
	1.3637
	1.3891
	1.0307

	2.15
	1.1671
	1.3035
	1.3542
	1.3701
	0.65016

	2.2
	1.1576
	1.2908
	1.3511
	1.3542
	0.50744

	2.25
	1.1576
	1.2908
	1.3479
	1.3796
	0.87216

	2.3
	1.1481
	1.2971
	1.3574
	1.3891
	1.0751

	2.35
	1.1608
	1.2876
	1.3542
	1.3701
	0.76116

	2.4
	1.1735
	1.2845
	1.3447
	1.3542
	0.5011

	2.45
	1.1608
	1.2781
	1.3447
	1.3606
	0.62161

	2.5
	1.1671
	1.294
	1.3447
	1.3764
	0.96096


Test 8: 4.0 Hz Square Wave
A 4.0 Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 4.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1766
	1.3067
	1.3637
	1.3986
	1.0878

	0.1
	1.1671
	1.3003
	1.3511
	1.3542
	0.48524

	0.15
	1.1386
	1.2845
	1.3352
	1.3511
	0.49158

	0.2
	1.1576
	1.2971
	1.3637
	1.405
	1.0783

	0.25
	1.1671
	1.3003
	1.3637
	1.405
	1.0846

	0.3
	1.1703
	1.2971
	1.3511
	1.3511
	0.48841

	0.35
	1.1449
	1.2971
	1.3447
	1.3606
	0.49158

	0.4
	1.1735
	1.3162
	1.3701
	1.405
	1.0815

	0.45
	1.1544
	1.3162
	1.3701
	1.4113
	1.0846

	0.5
	1.1481
	1.294
	1.3542
	1.3733
	0.48841

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1608
	1.294
	1.3415
	1.3542
	0.48841

	2.15
	1.1449
	1.3003
	1.3574
	1.3923
	1.0846

	2.2
	1.1608
	1.313
	1.3701
	1.4018
	1.0783

	2.25
	1.1544
	1.294
	1.3447
	1.3606
	0.49158

	2.3
	1.1449
	1.2845
	1.3384
	1.3479
	0.49158

	2.35
	1.1354
	1.2876
	1.3447
	1.3542
	0.48841

	2.4
	1.1671
	1.294
	1.3511
	1.3986
	1.0815

	2.45
	1.1671
	1.3098
	1.3574
	1.4018
	1.0783

	2.5
	1.1735
	1.3098
	1.3637
	1.3955
	1.0751



Test 9: 5.0 Hz Sine Wave
A 5.0 Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 5.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1576
	1.3003
	1.3637
	1.3955
	1.018

	0.1
	1.1608
	1.2971
	1.3542
	1.3606
	0.4789

	0.15
	1.1576
	1.3035
	1.3479
	1.3701
	0.74847

	0.2
	1.1639
	1.3035
	1.3637
	1.3986
	1.0402

	0.25
	1.1386
	1.294
	1.3511
	1.3669
	0.70724

	0.3
	1.1576
	1.294
	1.3511
	1.3606
	0.50744

	0.35
	1.1449
	1.3035
	1.3542
	1.3923
	1.0307

	0.4
	1.1639
	1.3035
	1.3574
	1.3923
	0.8785

	0.45
	1.1417
	1.294
	1.3479
	1.3511
	0.51378

	0.5
	1.1449
	1.2749
	1.3415
	1.3637
	0.79922

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1417
	1.2908
	1.3384
	1.3511
	0.55184

	2.15
	1.1417
	1.2971
	1.3511
	1.3891
	0.94193

	2.2
	1.1703
	1.3067
	1.3542
	1.3891
	0.97999

	2.25
	1.1481
	1.294
	1.3479
	1.3606
	0.49792

	2.3
	1.1354
	1.2845
	1.3447
	1.3669
	0.75164

	2.35
	1.1513
	1.2971
	1.3542
	1.3986
	1.072

	2.4
	1.1671
	1.3003
	1.3479
	1.3733
	0.73579

	2.45
	1.1513
	1.2876
	1.3415
	1.3542
	0.45035

	2.5
	1.1417
	1.2845
	1.3415
	1.3701
	0.75799



Test 10: 5.0 Hz Square Wave
A 5.0 Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 5.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1703
	1.3098
	1.3701
	1.4113
	1.0846

	0.1
	1.1576
	1.3003
	1.3479
	1.3542
	0.48841

	0.15
	1.183
	1.3003
	1.3479
	1.3542
	0.49158

	0.2
	1.1703
	1.3162
	1.3637
	1.4081
	1.0815

	0.25
	1.1861
	1.3067
	1.3574
	1.3574
	0.48841

	0.3
	1.1798
	1.3098
	1.3511
	1.3542
	0.49158

	0.35
	1.1925
	1.3257
	1.3637
	1.4081
	1.0815

	0.4
	1.1861
	1.3193
	1.3701
	1.405
	1.0846

	0.45
	1.1766
	1.3067
	1.3479
	1.3511
	0.48841

	0.5
	1.1671
	1.3003
	1.3574
	1.3955
	1.0846

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1735
	1.313
	1.3701
	1.4113
	1.0783

	2.15
	1.1671
	1.2971
	1.3511
	1.3574
	0.49158

	2.2
	1.1639
	1.3003
	1.3511
	1.3542
	0.48841

	2.25
	1.1893
	1.3162
	1.3733
	1.4177
	1.0846

	2.3
	1.1925
	1.3225
	1.3733
	1.4145
	1.0815

	2.35
	1.1671
	1.3035
	1.3542
	1.3511
	0.49158

	2.4
	1.1639
	1.3098
	1.3669
	1.3955
	1.0815

	2.45
	1.1703
	1.313
	1.3606
	1.4018
	1.0846

	2.5
	1.1735
	1.3067
	1.3574
	1.3574
	0.48841



Test 11: 7.5 Hz Sine Wave
A 7.5 Hz Sine Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 7.5 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1449
	1.294
	1.3479
	1.3511
	0.48841

	0.1
	1.1449
	1.294
	1.3542
	1.3923
	1.0212

	0.15
	1.1544
	1.2876
	1.3479
	1.3606
	0.63113

	0.2
	1.1766
	1.2971
	1.3352
	1.3606
	0.69139

	0.25
	1.1639
	1.3003
	1.3415
	1.3796
	0.97048

	0.3
	1.1576
	1.2813
	1.3384
	1.3415
	0.52012

	0.35
	1.1513
	1.2971
	1.3574
	1.4018
	1.0434

	0.4
	1.1386
	1.2908
	1.3415
	1.3574
	0.56453

	0.45
	1.1513
	1.3003
	1.3606
	1.3828
	0.91339

	0.5
	1.1417
	1.2876
	1.3511
	1.3796
	0.75481

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1703
	1.3067
	1.3606
	1.3986
	1.0371

	2.15
	1.1481
	1.2876
	1.3352
	1.3542
	0.51061

	2.2
	1.1449
	1.2971
	1.3542
	1.3891
	0.97999

	2.25
	1.1481
	1.3003
	1.3542
	1.3637
	0.63747

	2.3
	1.1576
	1.3003
	1.3542
	1.3796
	0.80873

	2.35
	1.1513
	1.2971
	1.3447
	1.3701
	0.84362

	2.4
	1.1576
	1.2845
	1.3384
	1.3479
	0.6121

	2.45
	1.1417
	1.2908
	1.3447
	1.3891
	1.1005

	2.5
	1.1608
	1.2908
	1.3479
	1.3606
	0.64064



Test 12: 7.5 Hz Square Wave
A 7.5 Hz Square Wave was applied from the function generator with 300mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 7.5 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1608
	1.294
	1.3511
	1.3955
	1.0149

	0.1
	1.1449
	1.2908
	1.3511
	1.3637
	0.39644

	0.15
	1.1386
	1.2876
	1.3415
	1.3511
	0.56453

	0.2
	1.1544
	1.2971
	1.3574
	1.405
	1.0212

	0.25
	1.1386
	1.2845
	1.3415
	1.3511
	0.5233

	0.3
	1.1576
	1.3003
	1.3511
	1.3923
	1.0244

	0.35
	1.1386
	1.2908
	1.3415
	1.3415
	0.41547

	0.4
	1.1544
	1.294
	1.3606
	1.3796
	1.0466

	0.45
	1.1735
	1.3098
	1.3574
	1.3955
	1.0593

	0.5
	1.1513
	1.294
	1.3415
	1.3511
	0.50427

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1671
	1.3098
	1.3637
	1.4018
	1.0942

	2.15
	1.1354
	1.2845
	1.3384
	1.3447
	0.45669

	2.2
	1.1481
	1.3003
	1.3669
	1.4018
	1.0973

	2.25
	1.1481
	1.2749
	1.3447
	1.3542
	0.45035

	2.3
	1.1576
	1.294
	1.3574
	1.3955
	1.0688

	2.35
	1.1608
	1.2971
	1.3606
	1.3701
	0.49475

	2.4
	1.1513
	1.2908
	1.3574
	1.3859
	1.0561

	2.45
	1.1576
	1.3067
	1.3701
	1.4113
	1.1037

	2.5
	1.1544
	1.2971
	1.3479
	1.3542
	0.45035



Conclusion
	After performing signal reconstruction tests for the frequencies of 0.5 Hz, 1.0 Hz, 2.0 Hz, 4.0 Hz, 5.0 Hz, and 7.5Hz, the maximum signal frequency for the system was determined.  The maximum achievable sampling rate of 20.0 Hz limits the maximum measurable signal frequency to 4.0 Hz, for accurate signal reconstruction.  As shown in the test data, signals exceeding 4.0 Hz were not able to be accurately reconstructed.      
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Full System Signal Reconstruction Test
 (
EKG Sensor
) (
Base Station
RF Mote
) (
USB
) (
Sync
Output
Waveform Generator
)Full system reconstruction tests were performed by applying a signal from a function generation to the EKG sensor board.  The output signal was then linked to ADC6 of the MDA100CB data acquisition board.  The data acquisition board was attached to the MICA2 mote which was directly connected to the MIB520 base station.  The figure below shows the setup of the test. The MICA2 Mote supplies the power for the whole system.  Sine waves and square waves were used at different frequencies to test the ability of the MICA2 mote and Moteview software to reconstruct the signal through the EKG sensor board.  Frequencies of 0.5Hz, 1Hz, 2Hz, 4Hz, 5Hz and 7.5Hz were used to determine the system capabilities.


















Test 1: 0.5Hz Sine Wave
A 0.5Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 0.5Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1988
	1.3067
	1.3574
	1.3733
	1.3003

	0.1
	1.2083
	1.3162
	1.3574
	1.3796
	1.2876

	0.15
	1.2083
	1.313
	1.3606
	1.3733
	1.2749

	0.2
	1.2083
	1.3162
	1.3637
	1.3733
	1.2591

	0.25
	1.1893
	1.313
	1.3606
	1.3733
	1.2464

	0.3
	1.202
	1.3162
	1.3606
	1.3828
	1.2369

	0.35
	1.1893
	1.313
	1.3606
	1.3828
	1.2242

	0.4
	1.2147
	1.3193
	1.3574
	1.3796
	1.2179

	0.45
	1.2083
	1.3162
	1.3606
	1.3733
	1.2083

	0.5
	1.1957
	1.3193
	1.3669
	1.3828
	1.2052

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1798
	1.3003
	1.3542
	1.3764
	1.3162

	9.65
	1.1798
	1.3067
	1.3511
	1.3764
	1.3193

	9.7
	1.1957
	1.3067
	1.3574
	1.3764
	1.3225

	9.75
	1.1893
	1.3067
	1.3574
	1.3764
	1.3225

	9.8
	1.1798
	1.3067
	1.3511
	1.3701
	1.3193

	9.85
	1.1735
	1.3067
	1.3542
	1.3764
	1.313

	9.9
	1.1957
	1.3098
	1.3574
	1.3796
	1.3035

	9.95
	1.1766
	1.3098
	1.3637
	1.3764
	1.294

	10
	1.1798
	1.3098
	1.3574
	1.3733
	1.2813



Test 2: 0.5 Hz Square Wave
A 0.5Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 0.5Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1957
	1.3257
	1.3859
	1.4018
	1.1481

	0.1
	1.1861
	1.3225
	1.3764
	1.3923
	1.1481

	0.15
	1.1703
	1.313
	1.3701
	1.3891
	1.1481

	0.2
	1.1798
	1.3193
	1.3733
	1.3986
	1.1481

	0.25
	1.1703
	1.3193
	1.3701
	1.3891
	1.1481

	0.3
	1.1671
	1.313
	1.3606
	1.3859
	1.1481

	0.35
	1.1703
	1.313
	1.3669
	1.3891
	1.1481

	0.4
	1.1639
	1.3162
	1.3701
	1.3955
	1.1481

	0.45
	1.183
	1.3225
	1.3637
	1.3923
	1.1481

	0.5
	1.1798
	1.3035
	1.3637
	1.3891
	1.1481

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1736
	1.3001
	1.3507
	1.3634
	0.9743

	9.65
	1.1703
	1.3067
	1.3542
	1.3764
	0.97999

	9.7
	1.1798
	1.3003
	1.3479
	1.3733
	0.97682

	9.75
	1.1671
	1.3067
	1.3574
	1.3669
	0.97999

	9.8
	1.1544
	1.2971
	1.3542
	1.3701
	0.97682

	9.85
	1.1766
	1.313
	1.3606
	1.3733
	0.97999

	9.9
	1.1576
	1.3067
	1.3669
	1.3955
	1.1639

	9.95
	1.183
	1.3257
	1.3796
	1.4081
	1.1639

	10
	1.1735
	1.3193
	1.3764
	1.405
	1.1639



Test 3: 1.0 Hz Sine Wave
A 1.0 Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 1.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.2115
	1.3098
	1.3511
	1.3669
	0.73579

	0.1
	1.2083
	1.3098
	1.3479
	1.3669
	0.75481

	0.15
	1.221
	1.3098
	1.3574
	1.3733
	0.77702

	0.2
	1.2274
	1.3193
	1.3606
	1.3764
	0.80239

	0.25
	1.2305
	1.3162
	1.3511
	1.3701
	0.83093

	0.3
	1.221
	1.3128
	1.3476
	1.3729
	0.85409

	0.35
	1.2305
	1.3193
	1.3574
	1.3796
	0.88167

	0.4
	1.2115
	1.3193
	1.3606
	1.3764
	0.89753

	0.45
	1.2083
	1.3193
	1.3574
	1.3764
	0.90705

	0.5
	1.2337
	1.3162
	1.3606
	1.3764
	0.90387

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.2369
	1.332
	1.3606
	1.3764
	0.93242

	9.65
	1.2527
	1.332
	1.3701
	1.3859
	0.91339

	9.7
	1.2464
	1.3289
	1.3637
	1.3796
	0.88802

	9.75
	1.2337
	1.3257
	1.3669
	1.3828
	0.86265

	9.8
	1.2496
	1.3289
	1.3669
	1.3859
	0.8341

	9.85
	1.2432
	1.332
	1.3669
	1.3859
	0.80873

	9.9
	1.2464
	1.3225
	1.3637
	1.3733
	0.78653

	9.95
	1.2368
	1.3191
	1.3539
	1.3697
	0.76552

	10
	1.2463
	1.3159
	1.3507
	1.3697
	0.75603



Test 4: 1.0 Hz Square Wave
A 1.0 Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 1.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1798
	1.3067
	1.3669
	1.3891
	1.1893

	0.1
	1.1766
	1.3225
	1.3701
	1.3923
	1.1861

	0.15
	1.1957
	1.3257
	1.3733
	1.3955
	1.1861

	0.2
	1.183
	1.3162
	1.3701
	1.3923
	1.1861

	0.25
	1.1893
	1.3162
	1.3701
	1.3955
	1.1861

	0.3
	1.1735
	1.313
	1.3796
	1.3986
	1.1861

	0.35
	1.1893
	1.3193
	1.3733
	1.3891
	1.1861

	0.4
	1.1766
	1.3162
	1.3701
	1.3923
	1.1861

	0.45
	1.1766
	1.3098
	1.3701
	1.3955
	1.1861

	0.5
	1.1735
	1.313
	1.3733
	1.3923
	1.1861

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	9.6
	1.1735
	1.3193
	1.3733
	1.3891
	1.1893

	9.65
	1.1766
	1.3289
	1.3701
	1.3923
	1.1893

	9.7
	1.1703
	1.3067
	1.3637
	1.3828
	1.0054

	9.75
	1.1703
	1.3067
	1.3542
	1.3764
	1.0054

	9.8
	1.1639
	1.3035
	1.3574
	1.3733
	1.0054

	9.85
	1.1639
	1.3003
	1.3542
	1.3796
	1.0054

	9.9
	1.1766
	1.3035
	1.3511
	1.3733
	1.0022

	9.95
	1.1798
	1.3098
	1.3574
	1.3796
	1.0054

	10
	1.1608
	1.3067
	1.3542
	1.3796
	1.0054


Test 5: 2.0 Hz Sine Wave
A 2.0 Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 2.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.2971
	1.3574
	1.3828
	1.4081
	1.1069

	0.1
	1.2971
	1.3637
	1.3923
	1.4145
	1.1513

	0.15
	1.2876
	1.3606
	1.3859
	1.4113
	1.1639

	0.2
	1.2876
	1.3637
	1.3923
	1.405
	1.1417

	0.25
	1.2876
	1.3606
	1.3955
	1.4081
	1.091

	0.3
	1.3067
	1.3606
	1.3891
	1.4081
	1.0371

	0.35
	1.278
	1.3476
	1.3792
	1.395
	0.99327

	0.4
	1.2876
	1.3542
	1.3764
	1.3891
	0.97999

	0.45
	1.2876
	1.3542
	1.3828
	1.3923
	0.99902

	0.5
	1.2908
	1.3542
	1.3828
	1.3955
	1.0402

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.3003
	1.3606
	1.3828
	1.4081
	1.0434

	4.65
	1.294
	1.3606
	1.3859
	1.4113
	1.0973

	4.7
	1.3098
	1.3637
	1.3955
	1.4081
	1.1449

	4.75
	1.3003
	1.3637
	1.3955
	1.4113
	1.1671

	4.8
	1.3067
	1.3733
	1.3986
	1.4113
	1.1513

	4.85
	1.3003
	1.3701
	1.4018
	1.4177
	1.1037

	4.9
	1.3193
	1.3733
	1.3955
	1.4081
	1.0466

	4.95
	1.294
	1.3574
	1.3891
	1.405
	1.0054

	5
	1.2971
	1.3606
	1.3828
	1.405
	0.98316


Test 6: 2.0 Hz Square Wave
A 2.0 Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 2.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.2052
	1.3225
	1.3669
	1.3923
	1.1671

	0.1
	1.1957
	1.3193
	1.3669
	1.3923
	1.1671

	0.15
	1.2052
	1.3223
	1.3602
	1.3887
	1.1641

	0.2
	1.2115
	1.3225
	1.3669
	1.3891
	1.1671

	0.25
	1.1957
	1.3225
	1.3606
	1.3764
	0.98316

	0.3
	1.1798
	1.3035
	1.3574
	1.3733
	0.98316

	0.35
	1.1766
	1.3067
	1.3511
	1.3669
	0.98316

	0.4
	1.183
	1.3035
	1.3606
	1.3764
	0.98316

	0.45
	1.1893
	1.3035
	1.3542
	1.3701
	0.98316

	0.5
	1.183
	1.313
	1.3574
	1.3891
	1.1671

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1893
	1.3193
	1.3701
	1.3891
	1.1703

	4.65
	1.202
	1.3193
	1.3701
	1.3891
	1.1703

	4.7
	1.1893
	1.3225
	1.3701
	1.3891
	1.1703

	4.75
	1.1957
	1.3193
	1.3701
	1.3923
	1.1703

	4.8
	1.1925
	1.313
	1.3669
	1.3796
	0.98633

	4.85
	1.1798
	1.3067
	1.3574
	1.3828
	0.98633

	4.9
	1.1798
	1.313
	1.3637
	1.3796
	0.98633

	4.95
	1.1766
	1.3067
	1.3542
	1.3701
	0.98633

	5
	1.1767
	1.3064
	1.3476
	1.3665
	0.98379



Test 7: 4.0 Hz Sine Wave
A 4.0 Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 4.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.2083
	1.313
	1.3701
	1.3859
	1.1322

	0.1
	1.2147
	1.3193
	1.3669
	1.3859
	1.0402

	0.15
	1.1957
	1.3067
	1.3511
	1.3669
	0.9673

	0.2
	1.202
	1.3162
	1.3574
	1.3733
	1.0149

	0.25
	1.2115
	1.313
	1.3701
	1.3796
	1.1132

	0.3
	1.2179
	1.3225
	1.3415
	1.3796
	1.1417

	0.35
	1.2021
	1.3096
	1.3476
	1.3729
	1.0439

	0.4
	1.2179
	1.3225
	1.3606
	1.3796
	0.97048

	0.45
	1.1988
	1.313
	1.3542
	1.3733
	1.0022

	0.5
	1.2147
	1.3193
	1.3637
	1.3828
	1.1037

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.221
	1.3257
	1.3637
	1.3859
	1.1322

	2.15
	1.2147
	1.3257
	1.3637
	1.3828
	1.0339

	2.2
	1.2083
	1.313
	1.3542
	1.3733
	0.9673

	2.25
	1.2147
	1.3098
	1.3606
	1.3796
	1.018

	2.3
	1.2052
	1.3225
	1.3701
	1.3891
	1.1227

	2.35
	1.221
	1.3225
	1.3701
	1.3891
	1.1417

	2.4
	1.202
	1.3098
	1.3606
	1.3859
	1.0466

	2.45
	1.1925
	1.3067
	1.3542
	1.3701
	0.97048

	2.5
	1.1988
	1.3098
	1.3606
	1.3764
	1.0085



Test 8: 4.0 Hz Square Wave
A 4.0 Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 4.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.202
	1.313
	1.3733
	1.3923
	1.202

	0.1
	1.1957
	1.313
	1.3637
	1.3859
	1.018

	0.15
	1.1766
	1.3162
	1.3574
	1.3764
	1.018

	0.2
	1.1893
	1.3067
	1.3606
	1.3828
	1.018

	0.25
	1.183
	1.3225
	1.3701
	1.3955
	1.202

	0.3
	1.1988
	1.3225
	1.3669
	1.3955
	1.202

	0.35
	1.1861
	1.3193
	1.3637
	1.3923
	1.202

	0.4
	1.1988
	1.3162
	1.3669
	1.3796
	1.0149

	0.45
	1.183
	1.313
	1.3606
	1.3828
	1.018

	0.5
	1.1988
	1.3225
	1.3733
	1.3891
	1.202

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1798
	1.313
	1.3606
	1.3764
	1.018

	2.15
	1.183
	1.3098
	1.3542
	1.3764
	1.018

	2.2
	1.1798
	1.3098
	1.3669
	1.3828
	1.018

	2.25
	1.1925
	1.3162
	1.3637
	1.3923
	1.202

	2.3
	1.1925
	1.3225
	1.3637
	1.3859
	1.202

	2.35
	1.2052
	1.3162
	1.3701
	1.3828
	1.018

	2.4
	1.1798
	1.313
	1.3637
	1.3764
	1.0149

	2.45
	1.1798
	1.3098
	1.3574
	1.3764
	1.018

	2.5
	1.202
	1.3193
	1.3764
	1.3955
	1.202



Test 9: 5.0 Hz Sine Wave
A 5.0 Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 5.0 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.2052
	1.3098
	1.3606
	1.3859
	0.98951

	0.1
	1.1988
	1.3098
	1.3511
	1.3764
	0.98316

	0.15
	1.202
	1.313
	1.3606
	1.3923
	1.11

	0.2
	1.202
	1.3225
	1.3637
	1.3859
	1.1259

	0.25
	1.202
	1.3193
	1.3637
	1.3764
	0.99902

	0.3
	1.1988
	1.3035
	1.3574
	1.3764
	0.97682

	0.35
	1.1957
	1.313
	1.3606
	1.3828
	1.0973

	0.4
	1.1957
	1.313
	1.3606
	1.3859
	1.1322

	0.45
	1.2083
	1.3162
	1.3669
	1.3828
	1.0149

	0.5
	1.1957
	1.3098
	1.3574
	1.3733
	0.97048

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.202
	1.3098
	1.3606
	1.3796
	0.98951

	2.15
	1.183
	1.3067
	1.3606
	1.3733
	0.98951

	2.2
	1.202
	1.3162
	1.3669
	1.3828
	1.1164

	2.25
	1.2083
	1.3193
	1.3669
	1.3859
	1.1227

	2.3
	1.1861
	1.3162
	1.3606
	1.3733
	0.99902

	2.35
	1.202
	1.313
	1.3637
	1.3764
	0.98316

	2.4
	1.1988
	1.3098
	1.3574
	1.3891
	1.1037

	2.45
	1.1925
	1.3193
	1.3606
	1.3859
	1.1322

	2.5
	1.1893
	1.313
	1.3574
	1.3733
	1.0149



Test 10: 5.0 Hz Square Wave
A 5.0 Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 5.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1861
	1.313
	1.3542
	0.92608
	1.0022

	0.1
	1.1608
	1.2908
	1.3384
	0.92925
	1.0022

	0.15
	1.1798
	1.3067
	1.3542
	0.9451
	1.1893

	0.2
	1.1798
	1.3035
	1.3542
	0.93559
	1.1861

	0.25
	1.1925
	1.3098
	1.3637
	0.93876
	1.1861

	0.3
	1.1798
	1.3003
	1.3542
	0.92925
	1.0022

	0.35
	1.1608
	1.2876
	1.3447
	0.92925
	1.0022

	0.4
	1.1671
	1.3098
	1.3574
	0.93559
	1.1861

	0.45
	1.1861
	1.3098
	1.3542
	0.93559
	1.1861

	0.5
	1.1671
	1.313
	1.3574
	0.92608
	1.0022

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1766
	1.3067
	1.3511
	0.95779
	1.0022

	2.15
	1.1639
	1.2876
	1.3415
	0.96413
	1.0022

	2.2
	1.1671
	1.3003
	1.3447
	0.97365
	1.1861

	2.25
	1.1735
	1.3098
	1.3637
	0.97365
	1.1861

	2.3
	1.1893
	1.3098
	1.3542
	0.9673
	0.99902

	2.35
	1.1671
	1.313
	1.3542
	0.96096
	1.0022

	2.4
	1.1639
	1.2971
	1.3479
	0.96096
	1.0022

	2.45
	1.183
	1.3035
	1.3574
	0.97365
	1.1861

	2.5
	1.221
	1.3162
	1.3574
	0.96096
	1.1861



Test 11: 7.5 Hz Sine Wave
A 7.5 Hz Sine Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 7.5 Hz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1893
	1.3098
	1.3669
	1.3986
	1.1132

	0.1
	1.1798
	1.3162
	1.3669
	1.3859
	0.99585

	0.15
	1.1735
	1.313
	1.3637
	1.3859
	0.97999

	0.2
	1.1861
	1.3193
	1.3764
	1.4018
	1.1195

	0.25
	1.1639
	1.313
	1.3669
	1.3859
	0.96096

	0.3
	1.1608
	1.3098
	1.3637
	1.3891
	1.0307

	0.35
	1.1671
	1.3162
	1.3669
	1.4018
	1.0878

	0.4
	1.1608
	1.3098
	1.3637
	1.3891
	0.93559

	0.45
	1.1671
	1.313
	1.3669
	1.3923
	1.0846

	0.5
	1.1766
	1.3193
	1.3701
	1.3923
	1.0371

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1576
	1.2971
	1.3701
	1.3955
	1.1195

	2.15
	1.1481
	1.2971
	1.3637
	1.3891
	0.99585

	2.2
	1.1608
	1.2971
	1.3637
	1.3828
	0.98951

	2.25
	1.1639
	1.3098
	1.3701
	1.3923
	1.1227

	2.3
	1.1513
	1.3035
	1.3637
	1.3828
	0.95462

	2.35
	1.1513
	1.3003
	1.3669
	1.3891
	1.0434

	2.4
	1.2052
	1.3193
	1.3669
	1.3859
	1.0846

	2.45
	1.1608
	1.3067
	1.3511
	1.3733
	0.94193

	2.5
	1.1576
	1.3003
	1.3606
	1.3859
	1.0973



Test 12: 7.5 Hz Square Wave
A 7.5 Hz Square Wave was applied from the function generator with 500mV peak to peak and no DC offset. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 7.5 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (s)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1988
	1.3257
	1.3669
	1.3955
	1.1893

	0.1
	1.1861
	1.3225
	1.3701
	1.3955
	1.1861

	0.15
	1.1861
	1.3098
	1.3637
	1.3828
	1.0022

	0.2
	1.1925
	1.3162
	1.3637
	1.3955
	1.1861

	0.25
	1.2052
	1.313
	1.3669
	1.3796
	1.0022

	0.3
	1.183
	1.3098
	1.3542
	1.3796
	1.0022

	0.35
	1.2052
	1.3193
	1.3701
	1.3859
	1.1893

	0.4
	1.1861
	1.313
	1.3606
	1.3796
	1.0022

	0.45
	1.202
	1.3225
	1.3669
	1.3891
	1.1893

	0.5
	1.1988
	1.313
	1.3701
	1.3923
	1.1893

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	2.1
	1.1957
	1.3225
	1.3637
	1.3955
	1.1893

	2.15
	1.1925
	1.3225
	1.3764
	1.3923
	1.1893

	2.2
	1.1925
	1.3162
	1.3637
	1.3828
	1.0054

	2.25
	1.202
	1.3225
	1.3637
	1.3986
	1.1893

	2.3
	1.1925
	1.3193
	1.3637
	1.3796
	1.0054

	2.35
	1.1988
	1.313
	1.3606
	1.3796
	1.0054

	2.4
	1.1957
	1.3162
	1.3701
	1.3859
	1.1893

	2.45
	1.1925
	1.3098
	1.3606
	1.3733
	1.0054

	2.5
	1.1925
	1.3193
	1.3733
	1.3923
	1.1893



Conclusion:
The Full System Reconstruction Test was deemed successful.  The EKG sensor was able to change the signal and then the MICA2 mote was able to transmit the signal from the EKG sensor output.  The Moteview Software was able to collect the data and store it in a csv file.  The data was later graphed and tabulated for visualization purposes.  The Full System was able to view the data and reconstruct a signal successfully up to 4.0Hz.  This is successful due to the EKG signal only beating at a rate of roughly 1.8Hz.  






















1-Hop Full System Test
The 1-Hop Full System Test was a continuation of the Full System Reconstruction Test.  This test consisted of the EKG sensor being attached to a MICA2 Mote. The data from the MICA2 mote  then needed to be wirelessly transmitted  to the base station.  The setup for this test can be seen below in the figure.  A function generator was used to apply both Sine and square waves.  Frequencies of 100mHz, 300mHz, and 500mHz were used.  The RF mote supplied the necessary 3V of power needed to operate the EKG sensor.  The output of the EKG sensor was sent to ADC6 of the MDA100CB data acquisition board connected to the MICA2 mote.














Test 1: 100mHz Sine Wave
A  100mHz Sine Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 100mHz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.6908
	2.5251
	2.3563
	2.1907
	1.2856

	0.6
	2.6908
	2.5312
	2.3656
	2.2029
	1.2641

	0.9
	2.6846
	2.5343
	2.3686
	2.2091
	1.2457

	1.2
	2.6785
	2.5312
	2.3656
	2.2152
	1.2273

	1.5
	2.6908
	2.5374
	2.3686
	2.2183
	1.215

	1.8
	2.6877
	2.5343
	2.3656
	2.2152
	1.2058

	2.1
	2.6754
	2.5343
	2.3686
	2.2213
	1.1997

	2.4
	2.6969
	2.5374
	2.3748
	2.2213
	1.1966

	2.7
	2.6938
	2.5374
	2.3717
	2.2213
	1.1935

	3
	2.6871
	2.5341
	2.3658
	2.2189
	1.1936

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	37.8
	2.6657
	2.4759
	2.2739
	2.0964
	1.4568

	38.1
	2.6724
	2.5067
	2.3165
	2.1477
	1.4758

	38.4
	2.6908
	2.522
	2.3441
	2.1784
	1.4819

	38.7
	2.6877
	2.5282
	2.3594
	2.1968
	1.4789

	39
	2.6871
	2.5249
	2.3535
	2.2036
	1.4568

	39.3
	2.6938
	2.5374
	2.3717
	2.2152
	1.4359

	39.6
	2.6718
	2.531
	2.3596
	2.2127
	1.4048

	39.9
	2.6687
	2.531
	2.3627
	2.2189
	1.3711

	40.2
	2.6908
	2.5404
	2.3686
	2.2213
	1.3439



Test 2: 100mHz Square Wave
A  100mHz Square Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 100mHz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.659
	2.5186
	2.3568
	2.2133
	1.0746

	0.6
	2.6651
	2.5278
	2.3629
	2.2164
	1.0746

	0.9
	2.6749
	2.528
	2.3658
	2.2189
	1.0773

	1.2
	1.6027
	1.8806
	1.9844
	1.9874
	1.0716

	1.5
	2.4087
	2.1584
	2.0301
	1.9569
	1.0746

	1.8
	2.5522
	2.3171
	2.1278
	1.9966
	1.0746

	2.1
	1.5722
	1.7859
	1.8348
	1.8256
	1.0716

	2.4
	2.3904
	2.1156
	1.9508
	1.8531
	1.0716

	2.7
	2.5552
	2.3049
	2.0912
	1.9325
	1.0716

	3
	2.632
	2.4178
	2.2036
	2.023
	1.0742

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	37.8
	2.6682
	2.5247
	2.366
	2.2225
	1.4013

	38.1
	2.6682
	2.5217
	2.3629
	2.2194
	1.3982

	38.4
	2.6774
	2.5217
	2.366
	2.2194
	1.3982

	38.7
	2.6774
	2.5217
	2.366
	2.2194
	1.3982

	39
	2.6835
	2.5278
	2.366
	2.2194
	1.3982

	39.3
	2.6774
	2.5308
	2.366
	2.2225
	1.3982

	39.6
	1.6058
	1.8897
	1.9874
	1.9935
	1.3982

	39.9
	2.3964
	2.1576
	2.0352
	1.9618
	1.4017

	40.2
	2.5613
	2.3171
	2.1217
	1.9752
	1.0654



Test 3: 300mHz Sine Wave
A  300mHz Sine Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 300mHz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.6646
	2.5093
	2.3388
	2.1865
	1.3491

	0.6
	2.6519
	2.497
	2.336
	2.1902
	1.3761

	0.9
	2.6494
	2.5063
	2.3418
	2.1926
	1.3125

	1.2
	2.6428
	2.494
	2.336
	2.1841
	1.209

	1.5
	2.655
	2.5
	2.339
	2.1841
	1.124

	1.8
	2.6398
	2.5031
	2.339
	2.1841
	1.0662

	2.1
	2.655
	2.5031
	2.3421
	2.1871
	1.0389

	2.4
	2.6494
	2.5032
	2.3418
	2.1956
	1.0415

	2.7
	2.655
	2.5
	2.339
	2.1963
	1.0662

	3
	2.6524
	2.5093
	2.3479
	2.2048
	1.1298

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	7.8
	1.5918
	1.7983
	1.8469
	1.8317
	1.2849

	8.1
	2.3876
	2.1082
	1.9472
	1.8439
	1.1847

	8.4
	2.5367
	2.2961
	2.086
	1.9246
	1.1085

	8.7
	2.6124
	2.3968
	2.1841
	1.9988
	1.0571

	9
	2.6337
	2.4514
	2.2509
	2.0656
	1.0359

	9.3
	2.6337
	2.4757
	2.2935
	2.1173
	1.0419

	9.6
	2.6458
	2.494
	2.3178
	2.1477
	1.0784

	9.9
	2.655
	2.494
	2.3299
	2.172
	1.1422

	10.2
	2.6489
	2.5
	2.336
	2.1871
	1.2363



Test 4: 300mHz Square Wave
A  300mHz Square Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 300mHz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.3753
	2.0982
	1.9368
	1.8424
	1.3856

	0.6
	2.5337
	2.287
	2.0769
	1.9216
	1.3856

	0.9
	2.6159
	2.3936
	2.1774
	1.9886
	1.0506

	1.2
	2.6342
	2.4514
	2.2474
	2.0616
	1.0506

	1.5
	2.659
	2.4942
	2.3049
	2.1248
	1.0532

	1.8
	2.6676
	2.5032
	2.3205
	2.153
	1.0506

	2.1
	2.6585
	2.5093
	2.3388
	2.1743
	1.0506

	2.4
	2.6737
	2.5123
	2.3509
	2.2017
	1.3308

	2.7
	2.6585
	2.5184
	2.357
	2.2139
	1.3856

	3
	2.6743
	2.5217
	2.3568
	2.2164
	1.389

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	7.8
	2.6804
	2.5247
	2.3568
	2.1981
	1.0532

	8.1
	2.6585
	2.5154
	2.354
	2.2048
	1.0506

	8.4
	2.6774
	2.5217
	2.3599
	2.2072
	1.0532

	8.7
	1.618
	1.8928
	1.9874
	1.9905
	1.0532

	9
	2.4088
	2.153
	2.0312
	1.952
	1.0506

	9.3
	2.5489
	2.3174
	2.1317
	2.0129
	1.3856

	9.6
	1.5592
	1.7784
	1.8363
	1.8393
	1.3856

	9.9
	2.3782
	2.1095
	1.9508
	1.8561
	1.389

	10.2
	2.5461
	2.2957
	2.0851
	1.9355
	1.389



Test 5: 500mHz Sine Wave
A  500mHz Sine Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 500mHz Sine Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.3519
	2.0896
	1.9328
	1.8272
	1.0915

	0.6
	2.5117
	2.2675
	2.0624
	1.8996
	1.0192

	0.9
	2.5931
	2.379
	2.168
	1.9901
	1.0282

	1.2
	2.6263
	2.4363
	2.2403
	2.0624
	1.1247

	1.5
	2.6384
	2.4695
	2.2856
	2.1197
	1.2905

	1.8
	2.6414
	2.4816
	2.3097
	2.1529
	1.3689

	2.1
	2.6293
	2.4846
	2.3157
	2.1559
	1.2121

	2.4
	2.6293
	2.4876
	2.3187
	2.1589
	1.0734

	2.7
	2.6293
	2.4846
	2.3218
	2.168
	1.0161

	3
	2.6444
	2.4936
	2.3338
	2.18
	1.0403

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	7.8
	2.6353
	2.4936
	2.3338
	2.2072
	1.3659

	8.1
	2.6323
	2.4966
	2.3368
	2.1951
	1.2996

	8.4
	2.6444
	2.4936
	2.3338
	2.1861
	1.1277

	8.7
	1.5981
	1.8695
	1.9599
	1.9629
	1.0312

	9
	2.3579
	2.1258
	2.0051
	1.9268
	1.0161

	9.3
	2.5268
	2.2916
	2.1047
	1.972
	1.0855

	9.6
	1.5529
	1.7669
	1.8242
	1.8182
	1.2332

	9.9
	2.3429
	2.0805
	1.9268
	1.8423
	1.375

	10.2
	2.5117
	2.2705
	2.0624
	1.9117
	1.2664



Test 6: 500mHz Square Wave
A  500mHz Square Wave was applied from the function generator with 400mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 500mHz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.3
	2.6519
	2.5152
	2.3481
	2.2084
	1.3761

	0.6
	2.6489
	2.5061
	2.3421
	2.1811
	1.0298

	0.9
	2.6519
	2.5061
	2.3421
	2.1902
	1.0298

	1.2
	2.661
	2.5122
	2.3481
	2.1993
	1.0298

	1.5
	2.6484
	2.5029
	2.3484
	2.212
	1.3727

	1.8
	2.6519
	2.5152
	2.3542
	2.2145
	1.3761

	2.1
	2.6519
	2.5091
	2.3512
	2.2084
	1.3761

	2.4
	2.6671
	2.5122
	2.3512
	2.2114
	1.3761

	2.7
	2.6423
	2.4969
	2.3363
	2.1787
	1.0272

	3
	2.6423
	2.4999
	2.3393
	2.1848
	1.0272

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	7.8
	2.6544
	2.4938
	2.3211
	2.1666
	1.3727

	8.1
	2.6423
	2.4969
	2.3302
	2.1787
	1.3727

	8.4
	2.6458
	2.5
	2.336
	2.1871
	1.3761

	8.7
	2.6641
	2.5061
	2.336
	2.175
	1.0298

	9
	2.6519
	2.5
	2.339
	2.1841
	1.0298

	9.3
	2.6635
	2.506
	2.3393
	2.1878
	1.0272

	9.6
	2.6454
	2.506
	2.3393
	2.1939
	1.0272

	9.9
	2.6671
	2.5152
	2.3542
	2.2206
	1.3761

	10.2
	2.6575
	2.509
	2.3454
	2.209
	1.3727



Conclusion:
From the 1-Hop Full System test it was verified that the full system worked with 1-Hop.  However due to coding complications only a frequency of 500mHz could be applied with the ability to reconstruct the signal at the base station.  However the data is as expected from transmitting MICA2.  This test was deemed successful despite not being able to reach a higher frequency.




















Heart Beat Test
 (
EKG Sensor
) (
Base Station
RF Mote
) (
USB
) (
Sync
Output
Waveform Generator
)The Heart Beat Test were performed by applying a signal from a function generation to the EKG sensor board.  The output signal was then linked to ADC6 of the MDA100CB data acquisition board.  The data acquisition board was attached to the MICA2 mote which was directly connected to the MIB520 base station.  The figure below shows the setup of the test. The MICA2 Mote supplies the power for the whole system.  Sine waves and square waves were used at different frequencies to test the ability of the MICA2 mote and Moteview software to reconstruct the signal through the EKG sensor board.  Frequencies of 1.67Hz, 2Hz, and 3Hz were used to determine the systems operation. These frequencies were chosen due to the relationship they have to a normal heartbeat.

















Test 1: 1.67Hz Square Wave
A 1.67 Hz Square Wave was applied from the function generator with 50mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 1.67 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1893
	1.313
	1.3574
	1.3828
	1.2749

	0.1
	1.1925
	1.3098
	1.3542
	1.3828
	1.2781

	0.15
	1.1893
	1.3162
	1.3606
	1.3828
	1.2781

	0.2
	1.1798
	1.3098
	1.3574
	1.3828
	1.2781

	0.25
	1.1893
	1.313
	1.3574
	1.3796
	1.2527

	0.3
	1.1988
	1.3067
	1.3542
	1.3796
	1.2527

	0.35
	1.1861
	1.3035
	1.3606
	1.3796
	1.2527

	0.4
	1.2052
	1.3098
	1.3637
	1.3796
	1.2527

	0.45
	1.1893
	1.3035
	1.3574
	1.3733
	1.2527

	0.5
	1.1988
	1.3098
	1.3637
	1.3764
	1.2527

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1957
	1.3162
	1.3701
	1.3859
	1.2527

	4.65
	1.1766
	1.3257
	1.3701
	1.3764
	1.2527

	4.7
	1.1861
	1.3193
	1.3606
	1.3796
	1.2527

	4.75
	1.1798
	1.3162
	1.3637
	1.3828
	1.2527

	4.8
	1.202
	1.313
	1.3669
	1.3828
	1.2527

	4.85
	1.1925
	1.3067
	1.3669
	1.3891
	1.2813

	4.9
	1.1957
	1.3162
	1.3637
	1.3859
	1.2781

	4.95
	1.1766
	1.313
	1.3637
	1.3891
	1.2781

	5
	1.1862
	1.3128
	1.3571
	1.376
	1.2748



Test 2: 2.0 Hz Square Wave
A 2.0 Hz Square Wave was applied from the function generator with 50mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 2.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1735
	1.313
	1.3637
	1.3859
	1.2559

	0.1
	1.1639
	1.313
	1.3606
	1.3859
	1.2559

	0.15
	1.183
	1.3162
	1.3733
	1.3891
	1.2559

	0.2
	1.1766
	1.3162
	1.3764
	1.3955
	1.2813

	0.25
	1.183
	1.3225
	1.3733
	1.3923
	1.2813

	0.3
	1.1703
	1.3193
	1.3764
	1.3955
	1.2813

	0.35
	1.183
	1.3193
	1.3701
	1.3923
	1.2781

	0.4
	1.1609
	1.3096
	1.3634
	1.3855
	1.278

	0.45
	1.1671
	1.313
	1.3764
	1.3891
	1.2527

	0.5
	1.1608
	1.3193
	1.3701
	1.3891
	1.2559

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1671
	1.313
	1.3701
	1.3891
	1.2527

	4.65
	1.1798
	1.313
	1.3669
	1.3891
	1.2527

	4.7
	1.1735
	1.3162
	1.3701
	1.3923
	1.2845

	4.75
	1.1639
	1.313
	1.3733
	1.3955
	1.2845

	4.8
	1.1671
	1.313
	1.3764
	1.3955
	1.2845

	4.85
	1.1703
	1.3193
	1.3733
	1.3923
	1.2876

	4.9
	1.1671
	1.3257
	1.3733
	1.3891
	1.2876

	4.95
	1.1639
	1.3225
	1.3733
	1.3923
	1.2559

	5
	1.183
	1.313
	1.3733
	1.3923
	1.2559



Test 3: 3.0 Hz Square Wave
A 3.0 Hz Square Wave was applied from the function generator with 50mV peak to peak and a DC offset of 400mV. The data was exported from Moteview and graphed in Excel.  The figure below shows the reconstructed graph of the 3.0 Hz Square Wave. The table below shows the raw data from ADC6.

	Time (sec)
	adc2 [V]
	adc3 [V]
	adc4 [V]
	adc5 [V]
	adc6 [V]

	0.05
	1.1639
	1.3225
	1.3764
	1.3986
	1.2559

	0.1
	1.1671
	1.3193
	1.3733
	1.3955
	1.2591

	0.15
	1.1671
	1.313
	1.3701
	1.3986
	1.2591

	0.2
	1.1544
	1.3098
	1.3669
	1.3923
	1.2845

	0.25
	1.1608
	1.3098
	1.3733
	1.3955
	1.2845

	0.3
	1.1735
	1.3067
	1.3606
	1.3891
	1.2845

	0.35
	1.1703
	1.3162
	1.3733
	1.3955
	1.2813

	0.4
	1.1481
	1.3098
	1.3701
	1.3923
	1.2813

	0.45
	1.1544
	1.3162
	1.3701
	1.3986
	1.2527

	0.5
	1.1514
	1.3159
	1.3634
	1.3855
	1.2495

	.
	.
	.
	.
	.
	.

	.
	.
	.
	.
	.
	.

	4.6
	1.1544
	1.3098
	1.3733
	1.3923
	1.2527

	4.65
	1.1576
	1.313
	1.3733
	1.3923
	1.2527

	4.7
	1.1546
	1.3096
	1.3665
	1.3855
	1.2463

	4.75
	1.1608
	1.3162
	1.3733
	1.3923
	1.2527

	4.8
	1.1576
	1.3098
	1.3701
	1.3923
	1.2813

	4.85
	1.1735
	1.3098
	1.3733
	1.3891
	1.2845

	4.9
	1.1671
	1.3098
	1.3733
	1.3955
	1.2845

	4.95
	1.1513
	1.3067
	1.3637
	1.3859
	1.2876

	5
	1.1671
	1.3098
	1.3701
	1.3891
	1.2876



Conclusion:
The Heart Rate Test was deemed successful.  The EKG sensor was able to change the signal and then the MICA2 mote was able to transmit the signal from the EKG sensor output.  The Moteview Software was able to collect the data and store it in a csv file.  The data was later graphed and tabulated for visualization purposes.  This test is successful due to the EKG being viewed at these different frequencies at which heart would beat.




















Budget
The budget for our project is broken down into two main categories: Capstone Budget and Out of Pocket expenditures.  The table and pie chart below shows the breakdown of the total money allotted to our project.
	Category
	Amount ($)

	Out of Pocket Expenditures
	$49.93 

	Capstone Budget Spent
	$427.82 

	Capstone Budget Unspent
	$72.18 

	Total
	$549.93 




The department allotted $500 toward our EKG Project.  We spent $427.82 out of the $500 leaving $72.18 unspent.  The table and pie chart below shows a breakdown of how the Capstone budget money was spent.  
	Category
	Amount ($)

	Cables & Connectors
	$111.75 

	Advanced Circuit (PCB)
	$237.99 

	Components
	$78.08 

	Unspent
	$72.18 

	Total
	$500.00 




Our Out of Pocket Expenditures was made up of two categories: shipping components and board to be soldered and electrodes.  The table and pie chart below shows our Out of Pocket expenditures.
	Category
	Amount ($)

	Shipping
	$40.53 

	Electrodes
	$9.40 

	Total
	$49.93 





Our Order Request Forms and Invoices for our Capstone Budget can be seen below:
Order Request Form
Department of Electrical and Computer Engineering

	                            ECE Staff Only
Date: __________8/24/10____________		Pcard_______   Requisition ________

	Company Name:
	Digikey

	Address:
	Digi-Key Corporation
701 Brooks Avenue South
Thief River Falls, MN 56701 USA


	Website URL:
	www.digikey.com

	Phone Number:
	1-800-344-4539

	Fax Number:
	218-681-3380

	Contact Person:
	

	Vendor Information Form Needed?




	Account Number to be Used:
	Dr. Hu

	End date for grant/contract
(if purchase is to be made from grant/contract account)
	

	Requesting Person:
Phone #:
Fax #:
Email Address:
	

	
	

	
	n/a

	
	



Please print clearly.
	Quantity
	Part #
	Description
	Price
	Total

	5
	INA321ECT-ND
	INA321 OP AMP
	$5.10
	$25.50

	20
	541-1.0MACT-ND
	1MOhms Resistor, 5%
	$0.077
	$1.54

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Shipping and Handling (to be included)
Total
	

	
	$27.04




		
Signature Approval: ________________________
(only authorized investigators may sign for grant/contract purchases)
 [image: ][image: ]

 Order Request Form
Department of Electrical and Computer Engineering

	                            ECE Staff Only
Date: ______8/23/10_______________   	Pcard_______   Requisition ________

	Company Name:
	Mouser Electronics

	Address:
	Mouser Electronics
1000 North Main Street 
Mansfield, TX 76063

	Website URL:
	www.mouser.com

	Phone Number:
	(800) 298-5076

	Fax Number:
	(817) 804-3899

	Contact Person:
	Larry Rosen

	Vendor Information Form Needed?



	Account Number to be Used:
	Dr.Hu

	End date for grant/contract
(if purchase is to be made from grant/contract account)
	

	Requesting Person:
Phone #:
Fax #:
Email Address:
	

	
	

	
	n/a

	
	



Please print clearly.
	Quantity
	Part #
	Description
	Price
	Total

	5
	595-OPA4336EA/250
	OPA4336 Op-Amp made by Texas Instr.
	$4.49
	$22.45

	13
	71-CRCW0805100kjneb
	100kOhms Resistor, 5%
	$0.07
	$0.91

	25
	71-CRCW080547K0JNEA
	47kOhms Resistor, 5%
	$0.04
	$1.00

	25
	71-CRCW0805J-2.2M-E3
	2.2Mohms Resistor, 5%
	$0.04
	$1.00

	25
	71-CRCW08053K30JNEA
	3.3kOhms Resistor, 5%
	$0.04
	$1.00

	25
	71-CRCW0805J-4.7K-E3
	4.7kOhms Resistor, 5%
	$0.04
	$1.00

	10
	71-CRCW0805-806-E3
	806 Ohms Resistor, 5%
	$0.05
	$0.50

	15
	77-VJ0805Y104KXARBC
	0.1uF Capacitor, 50V
	$0.15
	$2.25

	10
	80-C1206C472K1RACTM
	4.7nF Capacitor, 100V
	$0.38
	$3.80

	10
	667-ECP-U1C105MA5
	1uF Capacitor, 16V
	$0.58
	$5.80

	15
	598-FCP1210C104G-G3
	0.1uF Capacitor 
	$0.36
	$5.40

	Shipping and Handling (to be included)
Total
	

	
	$45.11


If this request is within 60 days of the end of a contact and a Pcard purchase is requested, I verify that sufficient funds exist in the grant/contract account for this purchase.
		
Signature Approval: ________________________
(only authorized investigators may sign for grant/contract purchases)

[image: ]
[image: ]

Our invoices and receipts for our Out of Pocket Expenditures can be seen below:

Your order number 0225784 has been invoiced with invoice number  0261724-IN.  Please review the detail below and note any backordered items and changes to sales tax and/or discount amounts.

Payment Method: VISA
US                                          US
_______________________________________________________________________________
Ship Via:    FEDEX GROUND                   Taxable:                     2.70
Terms:       50                             Non-Taxable:                 0.00
            CREDIT CARD                    Freight:                     6.70
Customer PO: INTERNET ORDER                 Sales Tax:                   0.00
Ship Date:   11/17/2010
                                           Order Total:                 9.40
_______________________________________________________________________________
Item Number              Qty Shipped           Unit Price       Extension
11770                             6                 0.45            2.70
     ELECTRODES, SNAP ECG 3/POUCH
REPLACES 36003
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Voltage (V)
0.5 Hz Sine Wave
0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000017	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000017	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000017	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000017	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000017	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000017	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000017	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000017	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000017	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000017	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000017	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000017	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.35	32.4	32.450000000000003	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.85	32.9	32.950000000000003	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.35	33.4	33.450000000000003	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.85	33.9	33.950000000000003	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.35	34.4	34.450000000000003	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.85	34.9	34.950000000000003	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.35	35.4	35.450000000000003	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.85	35.9	35.950000000000003	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.35	36.4	36.450000000000003	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.85	36.9	36.950000000000003	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.35	37.4	37.450000000000003	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.85	37.9	37.950000000000003	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.35	38.4	38.450000000000003	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.85	38.9	38.950000000000003	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.35	39.4	39.450000000000003	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.85	39.9	39.950000000000003	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.35	40.4	40.450000000000003	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.85	40.9	40.950000000000003	41	41.05	41.1	41.15	41.2	41.25	41.3	41.35	41.4	41.45	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.85	41.9	41.95	42	42.05	42.1	42.15	42.2	42.25	42.3	42.35	42.4	42.45	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.85	42.9	42.95	43	43.05	43.1	43.15	43.2	43.25	43.3	43.35	43.4	43.45	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.85	43.9	43.95	44	44.05	44.1	44.15	44.2	44.25	44.3	44.35	44.4	44.45	44.5	44.55	44.6	44.65	44.7	44.75	44.8	44.85	44.9	44.95	45	45.05	45.1	45.15	45.2	45.25	45.3	45.35	45.4	45.45	45.5	45.55	45.6	45.65	45.7	45.75	45.8	45.85	45.9	45.95	46	46.05	46.1	46.15	46.2	46.25	46.3	46.35	46.4	46.45	46.5	46.55	46.6	46.65	46.7	46.75	46.8	46.85	46.9	46.95	47	47.05	47.1	47.15	47.2	47.25	47.3	47.35	47.4	47.45	47.5	47.55	47.6	47.65	47.7	47.75	47.8	47.85	47.9	47.95	48	48.05	48.1	48.15	48.2	48.25	48.3	48.35	48.4	48.45	48.5	48.55	48.6	48.65	48.7	48.75	48.8	48.85	48.9	48.95	49	49.05	49.1	49.15	49.2	49.25	49.3	49.35	49.4	49.45	49.5	49.55	49.6	49.65	49.7	49.75	49.8	49.85	49.9	49.95	50	50.05	50.1	50.15	50.2	50.25	50.3	50.35	50.4	50.45	50.5	50.55	0.89752999999999949	0.93559000000000003	0.97048000000000001	1.0244	1.0402	1.0750999999999977	1.0750999999999977	1.0877999999999974	1.0688	1.0624	1.0244	0.99902000000000002	0.94828000000000001	0.90705000000000002	0.86582000000000148	0.82142000000000004	0.77384000000000186	0.72943999999999998	0.66918000000000111	0.63113000000000063	0.57721	0.55184000000000111	0.52646999999999888	0.50427	0.49475000000000002	0.48524	0.50109999999999999	0.51378000000000001	0.54866999999999999	0.57403999999999999	0.61210000000000064	0.65333000000000063	0.69773000000000063	0.74530000000000063	0.78970000000000062	0.83726999999999996	0.89752999999999949	0.94193000000000005	0.98950999999999956	1.0211999999999977	1.0528999999999977	1.0720000000000001	1.0814999999999975	1.0814999999999975	1.0720000000000001	1.0528999999999977	1.0211999999999977	0.98950999999999956	0.94193000000000005	0.90386999999999951	0.84996000000000005	0.79603999999999997	0.74530000000000063	0.68820999999999999	0.64064000000000199	0.59306999999999876	0.56135000000000002	0.52012000000000003	0.50744	0.48841000000000062	0.49475000000000002	0.49792000000000086	0.51061000000000001	0.52646999999999888	0.54866999999999999	0.5915399999999984	0.63113000000000063	0.68503999999999998	0.73261000000000065	0.78970000000000062	0.84362000000000148	0.89435999999999949	0.94510000000000005	0.97999000000000136	1.0116999999999972	1.0338999999999972	1.0528999999999977	1.0814999999999975	1.0783	1.0846	1.0592999999999975	1.0466	1.0085	0.97682000000000124	0.92290000000000005	0.87849999999999995	0.81823999999999997	0.77067000000000174	0.71040999999999999	0.66284000000000198	0.61526999999999998	0.57403999999999999	0.53915000000000002	0.51378000000000001	0.50109999999999999	0.49475000000000002	0.49475000000000002	0.50109999999999999	0.51061000000000001	0.52964000000000111	0.55501	0.58354999999999957	0.62796000000000063	0.67553000000000063	0.72943999999999998	0.7833599999999995	0.83409999999999995	0.89119000000000004	0.92925000000000002	0.96730000000000005	0.99902000000000002	1.0244	1.0624	1.0720000000000001	1.0846	1.0750999999999977	1.0720000000000001	1.0561	1.0338999999999972	0.98315999999999959	0.95462000000000136	0.89435999999999949	0.85313000000000005	0.78970000000000062	0.74213000000000062	0.68186999999999998	0.64064000000000199	0.58989999999999998	0.55818000000000001	0.52012000000000003	0.50427	0.48841000000000062	0.49158000000000074	0.49792000000000086	0.51695000000000002	0.54232000000000002	0.58037999999999956	0.62161000000000111	0.66918000000000111	0.72310000000000063	0.76432999999999995	0.80872999999999995	0.85313000000000005	0.89435999999999949	0.93559000000000003	0.97048000000000001	1.0022	1.0275999999999974	1.0497999999999974	1.0655999999999974	1.0750999999999977	1.0783	1.0783	1.0655999999999974	1.0370999999999975	1.0116999999999972	0.96730000000000005	0.92290000000000005	0.86899000000000148	0.82142000000000004	0.76115999999999995	0.7135899999999995	0.65333000000000063	0.61843999999999999	0.56452999999999998	0.54549999999999998	0.50427	0.50109999999999999	0.48524	0.49792000000000086	0.50109999999999999	0.53281000000000001	0.55818000000000001	0.60258	0.6438100000000011	0.69773000000000063	0.74530000000000063	0.8055599999999995	0.85629999999999995	0.91022000000000003	0.95779000000000136	0.99902000000000002	1.0338999999999972	1.0592999999999975	1.0778999999999974	1.0814999999999975	1.0814999999999975	1.0624	1.0466	1.0085	0.97682000000000124	0.92290000000000005	0.88485000000000003	0.84362000000000148	0.80239000000000005	0.75481000000000065	0.69455999999999996	0.65333000000000063	0.61526999999999998	0.58037999999999956	0.53598000000000001	0.51695000000000002	0.49475000000000002	0.49158000000000074	0.48841000000000062	0.50744	0.52329999999999999	0.54549999999999998	0.58989999999999998	0.62796000000000063	0.68503999999999998	0.72943999999999998	0.78766000000000003	0.84045000000000003	0.89752999999999949	0.94193000000000005	0.98950999999999956	1.0211999999999977	1.0528999999999977	1.0720000000000001	1.0814999999999975	1.0814999999999975	1.0720000000000001	1.0528999999999977	1.0211999999999977	0.98950999999999956	0.94193000000000005	0.89752999999999949	0.83726999999999996	0.79286999999999996	0.72943999999999998	0.68186999999999998	0.62796000000000063	0.59306999999999876	0.54549999999999998	0.52646999999999888	0.49475000000000002	0.49475000000000002	0.48524	0.50427	0.51378000000000001	0.55184000000000111	0.57721	0.62796000000000063	0.66918000000000111	0.72943999999999998	0.77702000000000149	0.83726999999999996	0.88485000000000003	0.93876000000000004	0.97999000000000136	1.0211999999999977	1.0466	1.0688	1.0814999999999975	1.0814999999999975	1.0750999999999977	1.0592999999999975	1.0338999999999972	1.0053999999999974	0.97365000000000124	0.92290000000000005	0.87849999999999995	0.81823999999999997	0.77067000000000174	0.71040999999999999	0.6660100000000011	0.61210000000000064	0.57403999999999999	0.53915000000000002	0.51378000000000001	0.49792000000000086	0.48841000000000062	0.49475000000000002	0.50109999999999999	0.51695000000000002	0.53915000000000002	0.56452999999999998	0.61843999999999999	0.65333000000000063	0.7135899999999995	0.76115999999999995	0.82142000000000004	0.86899000000000148	0.91022000000000003	0.96730000000000005	0.99902000000000002	1.0402	1.0561	1.0814999999999975	1.0783	1.0814999999999975	1.0624	1.0433999999999977	1.0085	0.97365000000000124	0.92290000000000005	0.87849999999999995	0.83409999999999995	0.77384000000000186	0.72310000000000063	0.66918000000000111	0.62161000000000111	0.57721	0.54549999999999998	0.51695000000000002	0.49792000000000086	0.49158000000000074	0.48841000000000062	0.50427	0.52012000000000003	0.55818000000000001	0.5882499999999995	0.64064000000000199	0.68186999999999998	0.74213000000000062	0.78970000000000062	0.85313000000000005	0.89119000000000004	0.93559000000000003	0.97365000000000124	1.0085	1.0433999999999977	1.0624	1.0814999999999975	1.0814999999999975	1.0783	1.0655999999999974	1.0433999999999977	1.018	0.98632999999999948	0.94828000000000001	0.91022000000000003	0.86582000000000148	0.8055599999999995	0.75799000000000161	0.70090000000000063	0.65650000000000064	0.59623999999999888	0.57086999999999999	0.52646999999999888	0.51378000000000001	0.49158000000000074	0.49158000000000074	0.49792000000000086	0.50109999999999999	0.53281000000000001	0.55818000000000001	0.60575000000000123	0.6438100000000011	0.68186999999999998	0.72310000000000063	0.77585000000000148	0.83409999999999995	0.87849999999999995	0.91655999999999949	0.95462000000000136	1.0022	1.0306999999999977	1.0624	1.0750999999999977	1.0846	1.0783	1.0655999999999974	1.0466	1.0116999999999972	0.97682000000000124	0.92608000000000001	0.88802000000000003	0.83409999999999995	0.78019000000000005	0.72943999999999998	0.68186999999999998	0.63746999999999998	0.59940999999999889	0.56452999999999998	0.53598000000000001	0.52012000000000003	0.49158000000000074	0.49475000000000002	0.48524	0.49792000000000086	0.52646999999999888	0.54866999999999999	0.57721	0.61526999999999998	0.6660100000000011	0.71040999999999999	0.77384000000000186	0.81823999999999997	0.87849999999999995	0.91973000000000005	0.95779000000000136	0.99268000000000001	1.0211999999999977	1.0433999999999977	1.0592999999999975	1.0846	1.0846	1.0814999999999975	1.0688	1.0497999999999974	1.0275999999999974	0.99585000000000001	0.96096000000000004	0.92290000000000005	0.86265000000000136	0.81823999999999997	0.75481000000000065	0.71040999999999999	0.65333000000000063	0.61210000000000064	0.56452999999999998	0.53915000000000002	0.50744	0.49792000000000086	0.48841000000000062	0.49475000000000002	0.50744	0.53281000000000001	0.56135000000000002	0.60575000000000123	0.65016000000000063	0.70090000000000063	0.75481000000000065	0.8055599999999995	0.86265000000000136	0.91022000000000003	0.96096000000000004	0.99902000000000002	1.0370999999999975	1.0561	1.0814999999999975	1.0783	1.0814999999999975	1.0592999999999975	1.0497999999999974	1.0053999999999974	0.97999000000000136	0.91655999999999949	0.88166999999999951	0.81823999999999997	0.77384000000000186	0.70723999999999998	0.6660100000000011	0.60893000000000064	0.57721	0.53598000000000001	0.51695000000000002	0.49475000000000002	0.49158000000000074	0.49158000000000074	0.50744	0.52646999999999888	0.55184000000000111	0.59306999999999876	0.63113000000000063	0.68503999999999998	0.73579000000000172	0.79286999999999996	0.84362000000000148	0.88802000000000003	0.94193000000000005	0.97746	1.0211999999999977	1.0470999999999975	1.0720000000000001	1.0814999999999975	1.0814999999999975	1.0750999999999977	1.0528999999999977	1.0275999999999974	0.98950999999999956	0.95145000000000002	0.89752999999999949	0.84996000000000005	0.78970000000000062	0.74213000000000062	0.69773000000000063	0.65333000000000063	0.61210000000000064	0.57403999999999999	0.54549999999999998	0.51695000000000002	0.50109999999999999	0.49158000000000074	0.49158000000000074	0.49158000000000074	0.51061000000000001	0.52964000000000111	0.57086999999999999	0.60258	0.65650000000000064	0.69773000000000063	0.76432999999999995	0.8055599999999995	0.87216000000000005	0.91022000000000003	0.96730000000000005	0.99902000000000002	1.0244	1.0497999999999974	1.0783	1.0783	1.0846	1.0624	1.0561	1.0116999999999972	0.98950999999999956	0.91973000000000005	0.87216000000000005	0.81823999999999997	0.76432999999999995	0.72310000000000063	0.67870000000000186	0.62478000000000122	0.58672999999999997	0.54549999999999998	0.52329999999999999	0.49792000000000086	0.49158000000000074	0.48715000000000008	0.50427	0.52012000000000003	0.55184000000000111	0.58672999999999997	0.63113000000000063	0.67870000000000186	0.72943999999999998	0.78652999999999951	0.83726999999999996	0.89435999999999949	0.93876000000000004	0.98950999999999956	1.018	1.0528999999999977	1.0655999999999974	1.0846	1.0846	1.0688	1.0592999999999975	1.0275999999999974	0.99902000000000002	0.96096000000000004	0.91973000000000005	0.87533000000000005	0.83092999999999995	0.7833599999999995	0.72310000000000063	0.67553000000000063	0.62478000000000122	0.58354999999999957	0.54549999999999998	0.52012000000000003	0.50109999999999999	0.48841000000000062	0.49158000000000074	0.49664000000000008	0.52012000000000003	0.54549999999999998	0.58354999999999957	0.62478000000000122	0.67236000000000062	0.72626999999999997	0.77702000000000149	0.82459000000000005	0.87216000000000005	0.91339000000000004	0.95779000000000136	0.99268000000000001	1.018	1.0561	1.0655999999999974	1.0783	1.0877999999999974	1.0629	1.0561	1.0370999999999975	0.99585000000000001	0.96413000000000004	0.90386999999999951	0.86582000000000148	0.79922000000000004	0.75799000000000161	0.6913899999999995	0.65333000000000063	0.59623999999999888	0.56452999999999998	0.52646999999999888	0.50427	0.50109999999999999	0.48207000000000055	0.49792000000000086	0.50427	0.53598000000000001	0.55818000000000001	0.60893000000000064	0.64698000000000111	0.70406999999999997	0.75164000000000186	0.81190000000000062	0.85725000000000062	0.91655999999999949	0.95779000000000136	1.0022	1.0338999999999972	1.0624	1.0783	1.0846	1.0783	1.0750999999999977	1.0466	1.0244	0.98315999999999959	0.94510000000000005	0.89119000000000004	0.84045000000000003	0.7833599999999995	0.73261000000000065	0.67870000000000186	0.63113000000000063	0.58672999999999997	0.54866999999999999	0.52329999999999999	0.49792000000000086	0.49475000000000002	0.48841000000000062	0.50427	0.51378000000000001	0.55184000000000111	0.58037999999999956	0.62796000000000063	0.66918000000000111	0.73579000000000172	0.77384000000000186	0.84362000000000148	0.88166999999999951	0.94510000000000005	0.97682000000000124	1.0244	1.0528999999999977	1.0688	1.0814999999999975	1.0846	1.0783	1.0688	1.0433999999999977	1.0211999999999977	0.98315999999999959	0.93876000000000004	0.89119000000000004	0.83409999999999995	0.78652999999999951	0.72626999999999997	0.67870000000000186	0.62478000000000122	0.58672999999999997	0.54549999999999998	0.52329999999999999	0.49475000000000002	0.49475000000000002	0.48524	0.50744	0.51061000000000001	0.55501	0.58037999999999956	0.63430000000000064	0.67236000000000062	0.73579000000000172	0.78019000000000005	0.84045000000000003	0.88802000000000003	0.94510000000000005	0.97999000000000136	1.0244	1.0466	1.0720000000000001	1.0750999999999977	1.0846	1.0720000000000001	1.0561	1.0244	0.98950999999999956	0.94828000000000001	0.89752999999999949	0.84679000000000149	0.78970000000000062	0.73895999999999995	0.6913899999999995	0.65016000000000063	0.60575000000000123	0.56452999999999998	0.53281000000000001	0.50744	0.49475000000000002	0.49158000000000074	0.49158000000000074	0.51061000000000001	0.53281000000000001	0.56770000000000065	0.60258	0.65650000000000064	0.70090000000000063	0.74846999999999997	0.79603999999999997	0.84362000000000148	0.88802000000000003	0.93242000000000003	0.97048000000000001	0.99902000000000002	1.0433999999999977	1.0561	1.0814999999999975	1.0783	1.0814999999999975	1.0592999999999975	1.0433999999999977	0.99960000000000004	0.97048000000000001	0.91655999999999949	0.87216000000000005	0.83092999999999995	0.78652999999999951	0.71993000000000062	0.67870000000000186	0.62161000000000111	0.58672999999999997	0.54232000000000002	0.52012000000000003	0.49792000000000086	0.49158000000000074	0.48841000000000062	0.50427	0.52012000000000003	0.55501	0.58672999999999997	0.63430000000000064	0.67695000000000161	0.73579000000000172	0.78652999999999951	0.84362000000000148	0.89435999999999949	0.94193000000000005	0.98950999999999956	1.0211999999999977	1.0528999999999977	1.0688	1.0846	1.0783	1.0750999999999977	1.0466	1.0275999999999974	0.98315999999999959	0.95145000000000002	0.90705000000000002	0.84679000000000149	0.79922000000000004	0.73895999999999995	0.6913899999999995	0.63113000000000063	0.60258	0.54866999999999999	0.52964000000000111	0.49792000000000086	0.49792000000000086	0.48524	0.50109999999999999	0.51061000000000001	0.54549999999999998	0.57086999999999999	0.62161000000000111	0.66284000000000198	0.70406999999999997	0.74530000000000063	0.81506999999999996	0.85629999999999995	0.91655999999999949	0.95462000000000136	1.0053999999999974	1.0306999999999977	1.0655999999999974	1.0720000000000001	1.0846	1.0750999999999977	1.0688	1.0402	1.0148999999999975	0.97048000000000001	0.92925000000000002	0.88802000000000003	0.82776000000000005	0.78019000000000005	0.71993000000000062	0.67236000000000062	0.62000999999999995	0.58037999999999956	0.54232000000000002	0.51829999999999998	0.49792000000000086	0.48841000000000062	0.49158000000000074	0.49792000000000086	0.52012000000000003	0.55008999999999997	0.58354999999999957	0.62796000000000063	0.67236000000000062	0.71993000000000062	0.76750000000000063	0.81190000000000062	0.85946999999999996	0.90386999999999951	0.93876000000000004	0.99902000000000002	1.018	1.0592999999999975	1.0655999999999974	1.0877999999999974	1.0750999999999977	1.0750999999999977	1.0466	1.0244	0.97999000000000136	0.94510000000000005	0.88802000000000003	0.84045000000000003	0.78019000000000005	0.73261000000000065	0.67553000000000063	0.63113000000000063	0.58204999999999996	0.54866999999999999	0.52012000000000003	0.50109999999999999	0.49158000000000074	0.48841000000000062	0.50427	0.51695000000000002	0.55184000000000111	0.58354999999999957	0.62161000000000111	0.66284000000000198	0.70723999999999998	0.75481000000000065	0.81506999999999996	0.86265000000000136	0.91655999999999949	0.95848	1.0053999999999974	1.0338999999999972	1.0561	1.0783	1.0814999999999975	1.0814999999999975	1.0655999999999974	1.0466	1.0148999999999975	0.97682000000000124	0.93242000000000003	0.88802000000000003	0.84362000000000148	0.79603999999999997	0.72626999999999997	0.67553000000000063	0.62478000000000122	0.58672999999999997	0.54549999999999998	0.52012000000000003	0.49792000000000086	0.49475000000000002	0.48841000000000062	0.50427	0.52012000000000003	0.53915000000000002	0.56452999999999998	0.59623999999999888	0.63430000000000064	0.67236000000000062	0.71993000000000062	0.76432999999999995	0.81190000000000062	0.86673999999999995	0.91655999999999949	0.96730000000000005	1.0022	1.0402	1.0592999999999975	1.0814999999999975	1.0783	1.0814999999999975	1.0688	1.0375999999999974	1.0148999999999975	0.97048000000000001	0.93242000000000003	0.87533000000000005	0.82776000000000005	0.76750000000000063	0.71993000000000062	0.65967000000000187	0.62478000000000122	0.56770000000000065	0.54549999999999998	0.52012000000000003	0.49475000000000002	0.49475000000000002	0.48524	0.50427	0.51378000000000001	0.55501	0.58354999999999957	0.63746999999999998	0.67553000000000063	0.73895999999999995	0.7833599999999995	0.84679000000000149	0.89119000000000004	0.94828000000000001	0.98315999999999959	1.0148999999999975	1.0497999999999974	1.0655999999999974	1.0817999999999974	1.0846	1.0720000000000001	1.0624	1.0306999999999977	0.99643999999999888	0.97048000000000001	0.91339000000000004	0.87216000000000005	0.81190000000000062	0.76432999999999995	0.70406999999999997	0.65650000000000064	0.60575000000000123	0.57086999999999999	0.53281000000000001	0.51378000000000001	0.49475000000000002	0.49158000000000074	0.49158000000000074	0.51061000000000001	0.52964000000000111	0.55501	0.59940999999999889	0.64064000000000199	0.6913899999999995	0.74530000000000063	0.79922000000000004	0.85313000000000005	0.89435999999999949	0.94828000000000001	0.98632999999999948	1.0244	1.0528999999999977	1.0720000000000001	1.0814999999999975	1.0783	1.0720000000000001	1.0561	1.0275999999999974	0.99268000000000001	0.94828000000000001	0.91022000000000003	0.85629999999999995	0.8055599999999995	0.74846999999999997	0.69455999999999996	0.64698000000000111	0.59940999999999889	0.56135000000000002	0.52646999999999888	0.50744	0.48841000000000062	0.49158000000000074	0.49158000000000074	0.51378000000000001	0.53281000000000001	0.57403999999999999	0.60575000000000123	0.6660100000000011	0.70406999999999997	0.76750000000000063	0.81506999999999996	0.87533000000000005	0.91973000000000005	0.97365000000000124	1.0053999999999974	1.0433999999999977	1.0624	1.0814999999999975	1.0814999999999975	1.0783	1.0592999999999975	1.0402	1.0022	0.96413000000000004	0.91339000000000004	0.86582000000000148	0.81190000000000062	0.75481000000000065	0.70406999999999997	0.65016000000000063	0.60893000000000064	0.56452999999999998	0.53598000000000001	0.50427	0.49792000000000086	0.48524	0.49792000000000086	0.50427	Time (s)
Voltage (V)
0.5 Hz Square Wave
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Voltage (V)
1.0 Hz Sine Wave
0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	40.9	40.949999999999996	41	41.05	41.1	41.15	41.2	41.25	41.3	41.349999999999994	41.4	41.449999999999996	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.849999999999994	41.9	41.949999999999996	42	42.05	42.1	42.15	42.2	42.25	42.3	42.349999999999994	42.4	42.449999999999996	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.849999999999994	42.9	42.949999999999996	43	43.05	43.1	43.15	43.2	43.25	43.3	43.349999999999994	43.4	43.449999999999996	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.849999999999994	43.9	43.949999999999996	44	44.05	44.1	44.15	44.2	44.25	44.3	44.349999999999994	44.4	44.449999999999996	44.5	44.55	44.6	44.65	44.7	44.75	44.8	44.849999999999994	0.87849999999999995	0.97048000000000001	1.0466	1.0783	1.0783	1.030699999999998	0.96096000000000004	0.85313000000000005	0.75164000000000175	0.64381000000000099	0.56452999999999998	0.50109999999999999	0.48524	0.49792000000000075	0.53598000000000001	0.61210000000000064	0.71040999999999999	0.81823999999999997	0.91973000000000005	1.0116999999999974	1.0624	1.0846	1.0592999999999977	1.0053999999999976	0.91339000000000004	0.81506999999999996	0.70090000000000063	0.61210000000000064	0.52646999999999899	0.49792000000000075	0.48841000000000057	0.53598000000000001	0.60258	0.70723999999999998	0.80872999999999995	0.91973000000000005	1.0022	1.0497999999999976	1.0750999999999979	1.0783	1.0433999999999979	0.98315999999999959	0.88485000000000003	0.7833599999999995	0.67236000000000062	0.58672999999999997	0.51695000000000002	0.49158000000000063	0.49792000000000075	0.551840000000001	0.621610000000001	0.73895999999999995	0.83409999999999995	0.94828000000000001	1.018	1.0750999999999979	1.0783	1.0561	0.98632999999999948	0.90069999999999995	0.78652999999999951	0.68503999999999998	0.60575000000000112	0.54549999999999998	0.50427	0.48841000000000057	0.52012000000000003	0.57403999999999999	0.67870000000000175	0.77384000000000175	0.89119000000000004	0.97682000000000113	1.0497999999999976	1.0783	1.0783	1.0275999999999976	0.95462000000000125	0.84679000000000126	0.74530000000000063	0.65967000000000175	0.58672999999999997	0.52827000000000002	0.49792000000000075	0.49475000000000002	0.53281000000000001	0.599409999999999	0.70090000000000063	0.79286999999999996	0.87849999999999995	0.97365000000000113	1.0466	1.0783	1.0688	1.0053999999999976	0.92925000000000002	0.81823999999999997	0.71675999999999995	0.61210000000000064	0.54232000000000002	0.49475000000000002	0.49475000000000002	0.52646999999999899	0.599409999999999	0.6913899999999995	0.80239000000000005	0.90386999999999951	0.99902000000000002	1.0561	1.0846	1.0688	1.0148999999999977	0.95145000000000002	0.86582000000000126	0.77702000000000127	0.6913899999999995	0.60893000000000064	0.529640000000001	0.49792000000000075	0.48841000000000057	0.53915000000000002	0.599409999999999	0.70723999999999998	0.80872999999999995	0.91973000000000005	0.99902000000000002	1.0655999999999977	1.0814999999999977	1.0688	1.0053999999999976	0.92608000000000001	0.81506999999999996	0.7135899999999995	0.60893000000000064	0.53915000000000002	0.49475000000000002	0.49475000000000002	0.529640000000001	0.60258	0.69773000000000063	0.80239000000000005	0.91022000000000003	0.99585000000000001	1.0592999999999977	1.0814999999999977	1.0720000000000001	1.0275999999999976	0.94193000000000005	0.86265000000000125	0.77384000000000175	0.68503999999999998	0.60893000000000064	0.529640000000001	0.49792000000000075	0.49158000000000063	0.53915000000000002	0.60575000000000112	0.71040999999999999	0.81190000000000062	0.92290000000000005	1.0053999999999976	1.0655999999999977	1.0814999999999977	1.0655999999999977	1.0027999999999977	0.91973000000000005	0.83409999999999995	0.74530000000000063	0.63746999999999998	0.55818000000000001	0.51378000000000001	0.48524	0.51061000000000001	0.56135000000000002	0.65333000000000063	0.75164000000000175	0.84045000000000003	0.92290000000000005	0.99902000000000002	1.0497999999999976	1.0846	1.0688	1.0244	0.94193000000000005	0.85629999999999995	0.76750000000000063	0.66284000000000176	0.57403999999999999	0.51378000000000001	0.49158000000000063	0.49475000000000002	0.52646999999999899	0.58037999999999956	0.67870000000000175	0.78019000000000005	0.89435999999999949	0.97999000000000125	1.0528999999999979	1.0783	1.0750999999999979	1.0244	0.95391999999999999	0.84679000000000126	0.73895999999999995	0.63430000000000064	0.55501	0.50427	0.49158000000000063	0.51695000000000002	0.57721	0.669180000000001	0.77384000000000175	0.88485000000000003	0.97365000000000113	1.0466	1.0783	1.0814999999999977	1.0497999999999976	0.98315999999999959	0.88802000000000003	0.7833599999999995	0.6913899999999995	0.60893000000000064	0.54549999999999998	0.49792000000000075	0.48524	0.49792000000000075	0.53915000000000002	0.60258	0.68186999999999998	0.77067000000000163	0.86265000000000125	0.95145000000000002	1.0370999999999977	1.0720000000000001	1.0814999999999977	1.0402	0.97682000000000113	0.87533000000000005	0.77384000000000175	0.66284000000000176	0.57721	0.51378000000000001	0.49158000000000063	0.50427	0.55818000000000001	0.63746999999999998	0.74530000000000063	0.84996000000000005	0.95391999999999999	1.0244	1.0720000000000001	1.0814999999999977	1.0466	0.98062000000000005	0.88166999999999951	0.79603999999999997	0.70723999999999998	0.62478000000000111	0.56135000000000002	0.51378000000000001	0.48524	0.49792000000000075	0.53915000000000002	0.60258	0.70090000000000063	0.78970000000000062	0.87849999999999995	0.95779000000000125	1.018	1.0750999999999979	1.0783	1.0528999999999979	0.98315999999999959	0.89435999999999949	0.7833599999999995	0.68186999999999998	0.58354999999999957	0.52329999999999999	0.48841000000000057	0.50109999999999999	0.54866999999999999	0.62796000000000063	0.72626999999999997	0.83195000000000063	0.92608000000000001	0.99902000000000002	1.0561	1.0783	1.0720000000000001	1.0433999999999979	0.97999000000000125	0.87533000000000005	0.78019000000000005	0.66284000000000176	0.58354999999999957	0.51061000000000001	0.49475000000000002	0.50109999999999999	0.55818000000000001	0.63430000000000064	0.74213000000000062	0.84362000000000126	0.95145000000000002	1.0244	1.0750999999999979	1.0783	1.0528999999999979	0.97999000000000125	0.89119000000000004	0.78019000000000005	0.67553000000000063	0.58354999999999957	0.52012000000000003	0.49158000000000063	0.49792000000000075	0.551840000000001	0.62796000000000063	0.73261000000000065	0.83726999999999996	0.94510000000000005	1.018	1.0750999999999979	1.0783	1.0561	0.98315999999999959	0.90069999999999995	0.7833599999999995	0.69455999999999996	0.61526999999999998	0.54232000000000002	0.49475000000000002	0.49475000000000002	0.52329999999999999	0.58037999999999956	0.65650000000000064	0.76115999999999995	0.86899000000000126	0.96730000000000005	1.0370999999999977	1.0783	1.0750999999999979	1.0402	0.96413000000000004	0.86899000000000126	0.75799000000000138	0.65650000000000064	0.56452999999999998	0.51378000000000001	0.48524	0.51378000000000001	0.55818000000000001	0.65333000000000063	0.74846999999999997	0.86265000000000125	0.95145000000000002	1.0148999999999977	1.0624	1.0814999999999977	1.0720000000000001	1.0244	0.94510000000000005	0.84045000000000003	0.72943999999999998	0.63113000000000063	0.54866999999999999	0.50427	0.48841000000000057	0.52329999999999999	0.58037999999999956	0.67870000000000175	0.77702000000000127	0.89435999999999949	0.97682000000000113	1.0528999999999979	1.0750999999999979	1.0750999999999979	1.0244	0.95145000000000002	0.84362000000000126	0.74213000000000062	0.63430000000000064	0.55818000000000001	0.50109999999999999	0.49158000000000063	0.51378000000000001	0.58037999999999956	0.669180000000001	0.77702000000000127	0.88166999999999951	0.97999000000000125	1.0466	1.0814999999999977	1.0750999999999979	1.0402	0.97999000000000125	0.90069999999999995	0.81190000000000062	0.72310000000000063	0.64064000000000176	0.56135000000000002	0.50109999999999999	0.49158000000000063	0.51061000000000001	0.57721	0.65650000000000064	0.77384000000000175	0.86899000000000126	0.97682000000000113	1.0370999999999977	1.0814999999999977	1.0720000000000001	1.0402	0.95462000000000125	0.86265000000000125	0.75164000000000175	0.65016000000000063	0.56135000000000002	0.51061000000000001	0.48841000000000057	0.51378000000000001	0.56770000000000065	0.65650000000000064	0.76115999999999995	0.86899000000000126	0.96730000000000005	1.0402	1.0783	1.0750999999999979	1.0497999999999976	0.99585000000000001	0.90069999999999995	0.79922000000000004	0.68820999999999999	0.59623999999999899	0.52646999999999899	0.49158000000000063	0.49792000000000075	0.54232000000000002	0.61843999999999999	0.71675999999999995	0.82776000000000005	0.92608000000000001	1.0148999999999977	1.0624	1.0846	1.0561	1.0022	0.90386999999999951	0.80872999999999995	0.68820999999999999	0.60575000000000112	0.52329999999999999	0.49792000000000075	0.49158000000000063	0.54232000000000002	0.60893000000000064	0.68820999999999999	0.78019000000000005	0.89119000000000004	0.97682000000000113	1.0561	1.0750999999999979	1.0750999999999979	1.0402	0.96096000000000004	0.86899000000000126	0.74846999999999997	0.65650000000000064	0.56135000000000002	0.51378000000000001	0.48524	0.51061000000000001	0.56452999999999998	0.65650000000000064	0.75481000000000065	0.86582000000000126	0.96096000000000004	1.0402	1.0750999999999979	1.0814999999999977	1.0402	0.97048000000000001	0.86899000000000126	0.76432999999999995	0.65650000000000064	0.57086999999999999	0.51378000000000001	0.48841000000000057	0.50744	0.55818000000000001	0.646980000000001	0.74846999999999997	0.85946999999999996	0.95462000000000125	1.0344	1.0720000000000001	1.0814999999999977	1.0344	0.97999000000000125	0.87216000000000005	0.77702000000000127	0.65967000000000175	0.58037999999999956	0.51061000000000001	0.49475000000000002	0.50109999999999999	0.55818000000000001	0.63746999999999998	0.74530000000000063	0.84996000000000005	0.95462000000000125	1.0244	1.0783	1.0783	1.0497999999999976	0.97746	0.88802000000000003	0.77702000000000127	0.67236000000000062	0.58037999999999956	0.51695000000000002	0.49031000000000063	0.49475000000000002	0.529640000000001	0.60575000000000112	0.69773000000000063	0.80872999999999995	0.91103000000000001	1.0022	1.0592999999999977	1.0846	1.0655999999999977	1.0085	0.92608000000000001	0.82142000000000004	0.7135899999999995	0.61210000000000064	0.54232000000000002	0.49475000000000002	0.49475000000000002	0.52329999999999999	0.599409999999999	0.68820999999999999	0.8055599999999995	0.90069999999999995	1.0022	1.0528999999999979	1.0783	1.0750999999999979	1.0407	0.97999000000000125	0.87849999999999995	0.77702000000000127	0.66601000000000099	0.58037999999999956	0.51378000000000001	0.49158000000000063	0.50109999999999999	0.55818000000000001	0.63113000000000063	0.74530000000000063	0.84045000000000003	0.95462000000000125	1.0211999999999979	1.0783	1.0783	1.0528999999999979	0.97999000000000125	0.89119000000000004	0.77702000000000127	0.67870000000000175	0.58037999999999956	0.52329999999999999	0.49158000000000063	0.48841000000000057	0.50744	0.54866999999999999	0.60893000000000064	0.6913899999999995	0.80872999999999995	0.90705000000000002	0.97999000000000125	1.0402	1.0846	1.0688	1.0402	0.95145000000000002	0.86582000000000126	0.77702000000000127	0.65650000000000064	0.58037999999999956	0.50744	0.49475000000000002	0.50109999999999999	0.56135000000000002	0.63746999999999998	0.74530000000000063	0.84679000000000126	0.95462000000000125	1.0211999999999979	1.0783	1.0783	1.0470999999999977	0.99585000000000001	0.90069999999999995	0.79922000000000004	0.68503999999999998	0.59623999999999899	0.52329999999999999	0.49347000000000063	0.49792000000000075	0.54232000000000002	0.60575000000000112	0.68503999999999998	0.75164000000000175	0.84045000000000003	0.91022000000000003	0.98632999999999948	1.0402	1.0688	1.0846	1.0370999999999977	0.97682000000000113	0.86899000000000126	0.77067000000000163	0.65967000000000175	0.57721	0.51061000000000001	0.49158000000000063	0.50427	0.54549999999999998	0.60575000000000112	0.71675999999999995	0.81506999999999996	0.92608000000000001	1.0053999999999976	1.0688	1.0814999999999977	1.0655999999999977	0.99902000000000002	0.91735999999999951	0.83092999999999995	0.71675999999999995	0.621610000000001	0.53915000000000002	0.50109999999999999	0.48841000000000057	0.52646999999999899	0.58989999999999998	0.68820999999999999	0.79286999999999996	0.90069999999999995	0.98950999999999956	1.0561	1.0814999999999977	1.0688	1.0211999999999979	0.93876000000000004	0.83726999999999996	0.72626999999999997	0.62796000000000063	0.54549999999999998	0.50109999999999999	0.48841000000000057	0.52329999999999999	0.58354999999999957	0.68186999999999998	0.7833599999999995	0.89752999999999949	0.97999000000000125	1.0561	1.0750999999999979	1.0750999999999979	1.0402	0.97682000000000113	0.89752999999999949	0.8055599999999995	0.70090000000000063	0.60258	0.529640000000001	0.49475000000000002	0.49475000000000002	0.53915000000000002	0.60575000000000112	0.71040999999999999	0.81190000000000062	0.92290000000000005	1.0022	1.0655999999999977	1.0783	1.0655999999999977	1.0275999999999976	0.96730000000000005	0.88802000000000003	0.77702000000000127	0.67236000000000062	0.58037999999999956	0.52012000000000003	0.48841000000000057	0.50427	0.551840000000001	0.63430000000000064	0.73579000000000161	0.84362000000000126	0.93242000000000003	1.0053999999999976	1.0592999999999977	1.0846	1.0655999999999977	1.0116999999999974	0.92608000000000001	0.82142000000000004	0.7135899999999995	0.61526999999999998	0.53915000000000002	0.49475000000000002	0.49475000000000002	0.52646999999999899	0.599409999999999	0.68959999999999999	0.80239000000000005	0.90386999999999951	0.99902000000000002	1.0528999999999979	1.0877999999999977	1.0750999999999979	1.0370999999999977	0.97682000000000113	0.89752999999999949	0.8055599999999995	0.7135899999999995	0.63113000000000063	0.56135000000000002	0.51061000000000001	0.48524	0.51061000000000001	0.56135000000000002	0.65480000000000138	0.75164000000000175	0.87216000000000005	0.95779000000000125	1.0211999999999979	1.0655999999999977	1.0814999999999977	1.0720000000000001	1.030699999999998	0.97048000000000001	0.89119000000000004	0.80239000000000005	0.71040999999999999	0.62796000000000063	0.54549999999999998	0.50109999999999999	0.48841000000000057	0.52329999999999999	0.58354999999999957	0.68186999999999998	0.7833599999999995	0.89435999999999949	0.98315999999999959	1.0561	1.0750999999999979	1.0783	1.018	0.94828000000000001	0.83726999999999996	0.73895999999999995	0.62796000000000063	0.55501	0.49792000000000075	0.49158000000000063	0.51378000000000001	0.58354999999999957	0.669180000000001	0.75799000000000138	0.84679000000000126	0.95779000000000125	1.0244	1.0783	1.0783	1.0497999999999976	0.97682000000000113	0.88802000000000003	0.77384000000000175	0.67236000000000062	0.57721	0.52012000000000003	0.48841000000000057	0.50427	0.551840000000001	0.63430000000000064	0.73579000000000161	0.84362000000000126	0.94510000000000005	1.0244	1.0750999999999979	1.0814999999999977	1.0624	1.018	0.95462000000000125	0.86899000000000126	0.78019000000000005	0.68186999999999998	0.58354999999999957	0.52329999999999999	0.48841000000000057	0.50427	0.54232000000000002	0.63430000000000064	0.72310000000000063	0.83726999999999996	0.93559000000000003	1.0244	1.0655999999999977	1.0846	1.0497999999999976	0.99268000000000001	0.89435999999999949	0.79603999999999997	0.68186999999999998	0.59306999999999888	0.52329999999999999	0.49475000000000002	0.49792000000000075	0.53281000000000001	0.58989999999999998	0.6913899999999995	0.78970000000000062	0.90386999999999951	0.98950999999999956	1.0561	1.0814999999999977	1.0720000000000001	1.018	0.93876000000000004	0.83409999999999995	0.72943999999999998	0.64381000000000099	0.55818000000000001	0.50744	0.48841000000000057	0.51378000000000001	0.57403999999999999	0.66284000000000176	0.76750000000000063	0.87533000000000005	0.97365000000000113	1.0433999999999979	1.0783	1.0817999999999977	1.0624	1.018	0.92290000000000005	0.82776000000000005	0.7135899999999995	0.61843999999999999	0.53598000000000001	0.49792000000000075	0.48841000000000057	0.529640000000001	0.59306999999999888	0.6913899999999995	0.79603999999999997	0.90386999999999951	0.99268000000000001	1.0592999999999977	1.0814999999999977	1.0688	1.018	0.93242000000000003	0.83409999999999995	0.71993000000000062	0.62478000000000111	0.54232000000000002	0.50109999999999999	0.48841000000000057	0.52329999999999999	0.58037999999999956	0.66284000000000176	0.77384000000000175	0.87849999999999995	0.97682000000000113	1.0402	1.0814999999999977	1.0720000000000001	1.0370999999999977	0.95779000000000125	0.86265000000000125	0.74213000000000062	0.65016000000000063	0.55818000000000001	0.51061000000000001	0.48524	0.51378000000000001	0.56770000000000065	0.66284000000000176	0.76115999999999995	0.87533000000000005	Time (s)
Voltage (V)
1.0 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	40.9	40.949999999999996	41	41.05	41.1	41.15	41.2	41.25	41.3	41.349999999999994	41.4	41.449999999999996	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.849999999999994	41.9	41.949999999999996	42	42.05	42.1	42.15	42.2	42.25	42.3	42.349999999999994	42.4	42.449999999999996	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.849999999999994	42.9	42.949999999999996	43	43.05	43.1	43.15	43.2	43.25	43.3	43.349999999999994	43.4	43.449999999999996	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.849999999999994	43.9	43.949999999999996	44	44.05	44.1	44.15	44.2	44.25	44.3	44.349999999999994	44.4	44.449999999999996	44.5	44.55	44.6	44.65	44.7	44.75	44.8	44.849999999999994	44.9	44.949999999999996	45	45.05	45.1	45.15	45.2	45.25	45.3	45.349999999999994	45.4	45.449999999999996	45.5	45.55	45.6	45.65	45.7	45.75	45.8	45.849999999999994	45.9	45.949999999999996	46	46.05	46.1	46.15	46.2	46.25	46.3	46.349999999999994	46.4	46.449999999999996	46.5	46.55	46.6	46.65	46.7	46.75	46.8	46.849999999999994	46.9	46.949999999999996	1.0846	1.0846	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49475000000000002	0.48841000000000057	0.49158000000000063	0.48524	0.49475000000000002	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0750999999999979	1.0877999999999977	1.0783	1.0877999999999977	0.48524	0.49475000000000002	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49158000000000063	0.48841000000000057	0.49475000000000002	1.0814999999999977	1.0846	1.0814999999999977	1.0783	1.0846	1.0814999999999977	1.0783	1.0877999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0783	1.0783	1.0783	1.0877999999999977	0.48524	0.49475000000000002	0.49158000000000063	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49475000000000002	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	0.48841000000000057	0.49158000000000063	0.49475000000000002	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0846	0.48524	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0783	1.0846	1.0814999999999977	1.0846	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49158000000000063	0.48524	0.49475000000000002	0.48524	0.49475000000000002	1.0783	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0846	1.0846	1.0846	1.0814999999999977	1.0846	1.0846	1.0846	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	0.49475000000000002	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49158000000000063	0.48524	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	1.0877999999999977	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49031000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0783	1.0877999999999977	1.0783	1.0877999999999977	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.49475000000000002	0.49158000000000063	0.48841000000000057	0.49475000000000002	0.48524	1.0877999999999977	1.0783	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	0.49475000000000002	0.48841000000000057	0.49158000000000063	0.48524	0.49475000000000002	0.49475000000000002	0.48524	0.49158000000000063	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0877999999999977	1.0877999999999977	1.0877999999999977	1.0846	1.0783	0.49158000000000063	0.48524	0.49158000000000063	0.48841000000000057	0.49475000000000002	0.48524	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0846	0.49158000000000063	0.48841000000000057	0.49286000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0877999999999977	1.0846	1.0846	1.0814999999999977	1.0846	1.0846	1.0846	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0787	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.48841000000000057	1.0783	1.0783	1.0814999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0877999999999977	1.0783	1.0814999999999977	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	0.48524	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48398000000000063	0.49158000000000063	0.48524	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	1.0877999999999977	1.0846	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0787	1.0846	1.0846	1.0846	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49475000000000002	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0817999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49158000000000063	0.49158000000000063	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0846	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0783	1.0846	1.0783	1.0877999999999977	1.0783	0.49475000000000002	0.48524	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0783	1.0846	1.0814999999999977	1.0783	1.0750999999999979	1.091	1.0750999999999979	1.0814999999999977	0.48524	0.49158000000000063	0.49158000000000063	0.49158000000000063	0.49475000000000002	0.48841000000000057	0.49475000000000002	0.48841000000000057	0.49475000000000002	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0783	1.0846	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49158000000000063	1.0787	1.0877999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0814999999999977	1.0783	0.49158000000000063	0.48524	0.49158000000000063	0.49158000000000063	0.49475000000000002	0.48524	0.49792000000000075	0.48524	0.49475000000000002	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.48841000000000057	1.0846	1.0846	1.0877999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.48841000000000057	0.48524	0.48524	0.49158000000000063	1.0814999999999977	1.0877999999999977	1.0783	1.0783	1.0846	1.0787	1.0877999999999977	1.0783	1.0877999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49475000000000002	0.48841000000000057	0.49475000000000002	0.48524	0.49475000000000002	1.0783	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0877999999999977	0.49475000000000002	0.49475000000000002	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0787	1.0846	1.0814999999999977	1.0846	0.48715000000000008	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0817999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	0.48524	0.49158000000000063	0.48841000000000057	0.48524	0.48524	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0877999999999977	0.48841000000000057	0.49475000000000002	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0783	1.0814999999999977	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0877999999999977	1.0783	1.0814999999999977	1.0814999999999977	1.0846	0.49158000000000063	0.48841000000000057	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.49475000000000002	0.48524	0.48524	0.48841000000000057	0.48841000000000057	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49475000000000002	0.48524	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.49031000000000063	0.49475000000000002	0.48524	0.49158000000000063	1.0814999999999977	1.0846	1.0787	1.0877999999999977	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	1.0783	0.48524	0.48524	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0877999999999977	1.0783	1.0783	0.49475000000000002	0.48524	0.49158000000000063	0.49475000000000002	0.48841000000000057	0.49158000000000063	0.49158000000000063	0.49475000000000002	0.48841000000000057	1.0877999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48715000000000008	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0783	1.0877999999999977	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.48524	0.49158000000000063	1.0846	1.0846	1.0846	1.0846	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48524	0.49475000000000002	0.48524	1.0877999999999977	1.0783	1.0877999999999977	1.0814999999999977	1.0877999999999977	1.0814999999999977	1.0846	1.0814999999999977	1.0787	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	1.0846	1.0846	1.0846	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	0.48841000000000057	0.49158000000000063	Time (s)
Voltage (V)
2.0 Hz Sine Wave
0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	1.0846	1.0053999999999976	0.84996000000000005	0.67236000000000062	0.53281000000000001	0.49158000000000063	0.55501	0.70406999999999997	0.92290000000000005	1.0592999999999977	1.0655999999999977	0.91655999999999949	0.70723999999999998	0.53598000000000001	0.49475000000000002	0.60258	0.77067000000000163	0.94193000000000005	1.0750999999999979	1.0497999999999976	0.89435999999999949	0.71675999999999995	0.56452999999999998	0.49475000000000002	0.529640000000001	0.65967000000000175	0.83726999999999996	0.99268000000000001	1.0846	1.0148999999999977	0.83092999999999995	0.61843999999999999	0.49792000000000075	0.52329999999999999	0.68503999999999998	0.86899000000000126	1.018	1.0846	1.0466	0.86582000000000126	0.66284000000000176	0.50744	0.51061000000000001	0.621610000000001	0.78970000000000062	0.98315999999999959	1.0846	1.0211999999999979	0.87533000000000005	0.669180000000001	0.53281000000000001	0.48841000000000057	0.58354999999999957	0.78019000000000005	0.97999000000000125	1.0814999999999977	1.0302	0.85313000000000005	0.63746999999999998	0.50744	0.51061000000000001	0.669180000000001	0.87533000000000005	1.0466	1.0720000000000001	0.96096000000000004	0.74213000000000062	0.56770000000000065	0.4820700000000005	0.57721	0.75799000000000138	0.97365000000000113	1.0750999999999979	1.0402	0.85946999999999996	0.65650000000000064	0.50744	0.51061000000000001	0.65016000000000063	0.86899000000000126	1.0338999999999974	1.0814999999999977	0.96730000000000005	0.76631000000000005	0.57086999999999999	0.49158000000000063	0.56135000000000002	0.74846999999999997	0.95779000000000125	1.0750999999999979	1.0466	0.87533000000000005	0.66601000000000099	0.51061000000000001	0.50744	0.63746999999999998	0.85313000000000005	1.0244	1.0846	0.97682000000000113	0.7833599999999995	0.57403999999999999	0.49475000000000002	0.53598000000000001	0.669180000000001	0.84362000000000126	0.99902000000000002	1.0846	1.0116999999999974	0.82142000000000004	0.61526999999999998	0.49475000000000002	0.52827000000000002	0.6913899999999995	0.90705000000000002	1.0528999999999979	1.0720000000000001	0.92925000000000002	0.72310000000000063	0.53915000000000002	0.49475000000000002	0.56770000000000065	0.75481000000000065	0.96730000000000005	1.0688	1.0688	0.93876000000000004	0.72626999999999997	0.54866999999999999	0.49158000000000063	0.56135000000000002	0.71040999999999999	0.89119000000000004	1.0561	1.0688	0.94828000000000001	0.73261000000000065	0.55501	0.48841000000000057	0.58354999999999957	0.77702000000000127	1.0275999999999976	1.0814999999999977	1.0085	0.84996000000000005	0.669180000000001	0.55818000000000001	0.49475000000000002	0.53598000000000001	0.669180000000001	0.84362000000000126	0.99902000000000002	1.0783	1.0466	0.91655999999999949	0.74530000000000063	0.58354999999999957	0.49158000000000063	0.54549999999999998	0.72943999999999998	0.93559000000000003	1.0720000000000001	1.0497999999999976	0.90069999999999995	0.68186999999999998	0.52646999999999899	0.49475000000000002	0.58989999999999998	0.79603999999999997	0.98950999999999956	1.0750999999999979	1.0592999999999977	0.93633999999999951	0.76750000000000063	0.56770000000000065	0.49158000000000063	0.56135000000000002	0.71040999999999999	0.88802000000000003	1.0275999999999976	1.0877999999999977	0.96730000000000005	0.77384000000000175	0.57086999999999999	0.49475000000000002	0.551840000000001	0.74530000000000063	0.94828000000000001	1.0783	1.0466	0.88802000000000003	0.669180000000001	0.52012000000000003	0.49792000000000075	0.63430000000000064	0.84362000000000126	1.0275999999999976	1.0814999999999977	0.98632999999999948	0.78652999999999951	0.58672999999999997	0.49158000000000063	0.54549999999999998	0.72943999999999998	0.93559000000000003	1.0592999999999977	1.0688	0.92925000000000002	0.72310000000000063	0.56452999999999998	0.48841000000000057	0.56770000000000065	0.75799000000000138	0.93559000000000003	1.0565	1.0814999999999977	0.99902000000000002	0.84045000000000003	0.621610000000001	0.50744	0.51061000000000001	0.64381000000000099	0.82142000000000004	1.0148999999999977	1.0783	1.0022	0.80239000000000005	0.60575000000000112	0.49158000000000063	0.53915000000000002	0.70090000000000063	0.92608000000000001	1.0592999999999977	1.0688	0.91339000000000004	0.71040999999999999	0.529640000000001	0.49792000000000075	0.60258	0.81190000000000062	0.99902000000000002	1.0846	1.0085	0.82459000000000005	0.61210000000000064	0.49792000000000075	0.51378000000000001	0.63113000000000063	0.80872999999999995	0.98950999999999956	1.0877999999999977	1.0116999999999974	0.83409999999999995	0.61843999999999999	0.50109999999999999	0.52012000000000003	0.68820999999999999	0.89752999999999949	1.0592999999999977	1.0688	0.94193000000000005	0.72626999999999997	0.54866999999999999	0.48841000000000057	0.58989999999999998	0.78652999999999951	0.98632999999999948	1.0814999999999977	1.0244	0.84362000000000126	0.63113000000000063	0.50427	0.51695000000000002	0.67553000000000063	0.88485000000000003	1.0497999999999976	1.0720000000000001	0.95145000000000002	0.73579000000000161	0.56135000000000002	0.48082000000000075	0.58354999999999957	0.76750000000000063	0.97999000000000125	1.0750999999999979	1.0370999999999977	0.85313000000000005	0.67236000000000062	0.53598000000000001	0.49475000000000002	0.59306999999999888	0.76115999999999995	0.93876000000000004	1.0720000000000001	1.0502	0.90069999999999995	0.67870000000000175	0.52646999999999899	0.49475000000000002	0.62478000000000111	0.82776000000000005	1.0211999999999979	1.0750999999999979	1.0022	0.79286999999999996	0.599409999999999	0.48841000000000057	0.54232000000000002	0.68503999999999998	0.86265000000000125	1.0148999999999977	1.0814999999999977	1.0244	0.87849999999999995	0.60575000000000112	0.49158000000000063	0.53915000000000002	0.70090000000000063	0.92608000000000001	1.0561	1.0688	0.91339000000000004	0.71040999999999999	0.529640000000001	0.49792000000000075	0.599409999999999	0.81190000000000062	0.99902000000000002	1.0846	1.0085	0.82459000000000005	0.61210000000000064	0.4992200000000005	0.52646999999999899	0.69455999999999996	0.90705000000000002	1.0592999999999977	1.0688	0.93242000000000003	0.71993000000000062	0.54232000000000002	0.49475000000000002	0.58989999999999998	0.79603999999999997	0.98950999999999956	1.0846	1.0148999999999977	0.83726999999999996	0.621610000000001	0.50427	0.51378000000000001	0.68503999999999998	0.88802000000000003	1.0561	1.0688	0.94828000000000001	0.77702000000000127	0.60575000000000112	0.50427	0.50427	0.60893000000000064	0.77702000000000127	0.94828000000000001	1.0561	1.0720000000000001	0.97682000000000113	0.81506999999999996	0.60893000000000064	0.49475000000000002	0.53281000000000001	0.69773000000000063	0.91655999999999949	1.0592999999999977	1.0688	0.92290000000000005	0.7135899999999995	0.53598000000000001	0.49792000000000075	0.59306999999999888	0.80872999999999995	0.99268000000000001	1.0877999999999977	1.0090999999999979	0.83092999999999995	0.61526999999999998	0.50109999999999999	0.49475000000000002	0.62478000000000111	0.82459000000000005	1.0211999999999979	1.0750999999999979	1.0022	0.79286999999999996	0.599409999999999	0.48841000000000057	0.54232000000000002	0.71040999999999999	0.92925000000000002	1.0624	1.0624	0.91022000000000003	0.70723999999999998	0.529640000000001	0.49792000000000075	0.60893000000000064	0.81823999999999997	1.0053999999999976	1.0846	1.0027999999999977	0.81506999999999996	0.60893000000000064	0.49475000000000002	0.53598000000000001	0.66601000000000099	0.84362000000000126	1.0275999999999976	1.0814999999999977	0.98632999999999948	0.7833599999999995	0.61210000000000064	0.49792000000000075	0.52646999999999899	0.69455999999999996	0.90386999999999951	1.0402	1.0783	1.0116999999999974	0.85629999999999995	0.68186999999999998	0.52646999999999899	0.49475000000000002	0.62478000000000111	0.82459000000000005	1.0244	1.0750999999999979	0.99902000000000002	0.79603999999999997	0.599409999999999	0.48841000000000057	0.54232000000000002	0.71040999999999999	0.92925000000000002	1.0624	1.0624	0.91022000000000003	0.70723999999999998	0.529640000000001	0.49792000000000075	0.60893000000000064	0.81823999999999997	1.0053999999999976	1.0846	1.0027999999999977	0.81190000000000062	0.60893000000000064	0.49158000000000063	0.53281000000000001	0.69773000000000063	0.91655999999999949	1.0561	1.0688	0.91973000000000005	0.71675999999999995	0.56135000000000002	0.48524	0.57403999999999999	0.76115999999999995	0.97365000000000113	1.0750999999999979	1.0433999999999979	0.85629999999999995	0.65650000000000064	0.50427	0.51378000000000001	0.646980000000001	0.86899000000000126	1.0338999999999974	1.0814999999999977	0.96413000000000004	0.79603999999999997	0.599409999999999	0.48841000000000057	0.54232000000000002	0.71040999999999999	0.92925000000000002	1.0624	1.0624	0.91022000000000003	0.70723999999999998	0.529640000000001	0.49792000000000075	0.60893000000000064	0.81823999999999997	1.0085	1.0814999999999977	1.0053999999999976	0.80980000000000063	0.60893000000000064	0.49031000000000063	0.53598000000000001	0.69773000000000063	0.91655999999999949	1.0592999999999977	1.0688	0.95779000000000125	0.78652999999999951	0.58354999999999957	0.49158000000000063	0.54549999999999998	0.69455999999999996	0.90386999999999951	1.0402	1.0783	1.0116999999999974	0.85629999999999995	0.68186999999999998	0.53915000000000002	0.49475000000000002	0.58989999999999998	0.79603999999999997	0.98632999999999948	1.0846	1.0148999999999977	0.84045000000000003	0.61843999999999999	0.50427	0.51695000000000002	0.68503999999999998	0.89119000000000004	1.0561	1.0688	0.96730000000000005	0.77384000000000175	0.57086999999999999	0.49475000000000002	0.55501	0.74846999999999997	0.94828000000000001	1.0783	1.0466	0.88802000000000003	0.669180000000001	0.52012000000000003	0.49792000000000075	0.63913000000000064	0.84362000000000126	1.0244	1.0846	1.0085	0.82142000000000004	0.61210000000000064	0.49792000000000075	0.529640000000001	0.69455999999999996	0.91022000000000003	1.0561	1.0688	0.92925000000000002	0.71993000000000062	0.53915000000000002	0.49475000000000002	0.58989999999999998	0.75481000000000065	0.93242000000000003	1.0561	1.0814999999999977	0.99902000000000002	0.84045000000000003	0.621610000000001	0.50427	0.51378000000000001	0.61843999999999999	0.78970000000000062	0.92925000000000002	1.0561	1.0846	1.0053999999999976	0.79922000000000004	0.60893000000000064	0.48841000000000057	0.53915000000000002	0.70406999999999997	0.92290000000000005	1.0592999999999977	1.0655999999999977	0.97365000000000113	0.80872999999999995	0.63746999999999998	0.51561999999999997	0.49792000000000075	0.63430000000000064	0.84679000000000126	1.0244	1.0846	0.98315999999999959	0.78652999999999951	0.58354999999999957	0.49158000000000063	0.54549999999999998	0.73261000000000065	0.93559000000000003	1.0720000000000001	1.0470999999999977	0.90386999999999951	0.67870000000000175	0.529640000000001	0.49475000000000002	0.62478000000000111	0.82562000000000113	1.0211999999999979	1.0783	0.99902000000000002	0.79603999999999997	0.599409999999999	0.49158000000000063	0.54232000000000002	0.68327000000000004	0.86265000000000125	1.018	1.0846	1.0466	0.91022000000000003	0.77384000000000175	0.60575000000000112	0.48841000000000057	0.58354999999999957	0.78019000000000005	0.98315999999999959	1.0814999999999977	1.0466	0.91339000000000004	0.73579000000000161	0.55818000000000001	0.48841000000000057	0.58037999999999956	0.77067000000000163	0.97999000000000125	1.0783	1.0338999999999974	0.85313000000000005	0.646980000000001	0.50427	0.51378000000000001	0.65967000000000175	0.86899000000000126	1.0244	1.0817999999999977	1.0402	0.90386999999999951	0.72310000000000063	0.56770000000000065	0.49158000000000063	0.52329999999999999	0.69000000000000061	0.90069999999999995	1.0561	1.0688	0.93559000000000003	0.72943999999999998	0.54549999999999998	0.49158000000000063	0.56135000000000002	0.75164000000000175	0.96096000000000004	1.0750999999999979	1.0624	0.94828000000000001	0.72943999999999998	0.551840000000001	0.48841000000000057	0.58354999999999957	0.78019000000000005	0.98315999999999959	1.0814999999999977	1.0244	0.85313000000000005	0.63430000000000064	0.50744	0.51061000000000001	0.74213000000000062	0.94193000000000005	1.0750999999999979	1.0466	0.89435999999999949	0.67553000000000063	0.52329999999999999	0.49792000000000075	0.63113000000000063	0.83726999999999996	1.0244	1.0787	0.98950999999999956	0.78970000000000062	0.58989999999999998	0.49980000000000063	0.51378000000000001	0.62478000000000111	0.79922000000000004	0.97048000000000001	1.0720000000000001	1.0433999999999979	0.86265000000000125	0.66284000000000176	0.50427	0.51061000000000001	0.64064000000000176	0.86582000000000126	1.030699999999998	1.0814999999999977	0.97048000000000001	0.77067000000000163	0.57403999999999999	0.49158000000000063	0.55501	0.74530000000000063	0.95145000000000002	1.0750999999999979	1.0466	0.88485000000000003	0.669180000000001	Tiime (s)
Voltage (V)
2.0 Hz Square Wave
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Voltage (V)
4.0 Hz Sine Wave
0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	0.50744	0.87216000000000005	1.0720000000000001	0.76432999999999995	0.48524	0.75799000000000138	1.0720000000000001	0.88166999999999951	0.50744	0.65016000000000063	1.0244	0.97999000000000125	0.57403999999999999	0.55818000000000001	0.94510000000000005	1.0528999999999979	0.669180000000001	0.50427	0.83726999999999996	1.0846	0.78652999999999951	0.49475000000000002	0.65016000000000063	0.99902000000000002	1.0148999999999977	0.62478000000000111	0.52012000000000003	0.90069999999999995	1.0688	0.73261000000000065	0.48841000000000057	0.78652999999999951	1.0783	0.85629999999999995	0.50109999999999999	0.67236000000000062	1.0466	0.95145000000000002	0.55818000000000001	0.57403999999999999	0.97682000000000113	1.030699999999998	0.65016000000000063	0.50744	0.87216000000000005	1.0750999999999979	0.76115999999999995	0.50109999999999999	0.621610000000001	0.96096000000000004	1.0688	0.79603999999999997	0.50744	0.58037999999999956	0.91973000000000005	1.0624	0.69773000000000063	0.49792000000000075	0.80872999999999995	1.0877999999999977	0.81190000000000062	0.50109999999999999	0.6913899999999995	1.0655999999999977	0.91973000000000005	0.58037999999999956	0.50744	0.87216000000000005	1.0720000000000001	0.76115999999999995	0.4820700000000005	0.76115999999999995	1.0688	0.87849999999999995	0.50744	0.646980000000001	1.0275999999999976	0.97999000000000125	0.57403999999999999	0.55818000000000001	0.94828000000000001	1.0528999999999979	0.67236000000000062	0.50427	0.84045000000000003	1.0846	0.78652999999999951	0.49158000000000063	0.71675999999999995	1.0688	0.90069999999999995	0.52329999999999999	0.621610000000001	1.0116999999999974	1.0433999999999979	0.65967000000000175	0.50427	0.85946999999999996	1.0783	0.77384000000000175	0.48841000000000057	0.74530000000000063	1.0688	0.88802000000000003	0.51378000000000001	0.63746999999999998	1.0148999999999977	0.99585000000000001	0.58037999999999956	0.551840000000001	0.93242000000000003	1.0592999999999977	0.68186999999999998	0.50109999999999999	0.82459000000000005	1.0846	0.79922000000000004	0.49475000000000002	0.65016000000000063	0.99010999999999949	1.0655999999999977	0.69455999999999996	0.50109999999999999	0.8055599999999995	1.091	0.81190000000000062	0.50109999999999999	0.6913899999999995	1.0655999999999977	0.92290000000000005	0.54232000000000002	0.59306999999999888	0.99902000000000002	1.0148999999999977	0.62478000000000111	0.52012000000000003	0.90303999999999951	1.0688	0.79922000000000004	0.50744	0.58037999999999956	0.91973000000000005	1.0783	0.85313000000000005	0.53281000000000001	0.55818000000000001	0.88802000000000003	1.0688	0.74530000000000063	0.49792000000000075	0.69455999999999996	1.0624	0.92290000000000005	0.54232000000000002	0.59306999999999888	0.99902000000000002	1.0148999999999977	0.62478000000000111	0.52012000000000003	0.90069999999999995	1.0688	0.72943999999999998	0.49158000000000063	0.7833599999999995	1.0814999999999977	0.84362000000000126	0.50427	0.669180000000001	1.0497999999999976	0.94828000000000001	0.56135000000000002	0.56938999999999951	0.97682000000000113	1.030699999999998	0.65016000000000063	0.49475000000000002	0.71993000000000062	1.0402	1.0116999999999974	0.68186999999999998	0.48524	0.67870000000000175	1.0592999999999977	0.93242000000000003	0.55501	0.58354999999999957	0.98950999999999956	1.0211999999999979	0.63746999999999998	0.51378000000000001	0.88802000000000003	1.0720000000000001	0.74530000000000063	0.48841000000000057	0.77384000000000175	1.0783	0.85946999999999996	0.50744	0.65016000000000063	1.0402	0.96413000000000004	0.56770000000000065	0.56452999999999998	0.96413000000000004	1.0370999999999977	0.66284000000000176	0.50109999999999999	0.7833599999999995	1.0655999999999977	0.97682000000000113	0.63746999999999998	0.51378000000000001	0.88802000000000003	1.0720000000000001	0.74530000000000063	0.49664000000000008	0.63746999999999998	0.97999000000000125	1.0688	0.78970000000000062	0.48841000000000057	0.71993000000000062	1.0688	0.90069999999999995	0.52012000000000003	0.621610000000001	1.0116999999999974	0.99902000000000002	0.58989999999999998	0.54549999999999998	0.85946999999999996	1.0846	0.84045000000000003	0.50427	0.669180000000001	1.0497999999999976	0.94828000000000001	0.55818000000000001	0.57086999999999999	0.97999000000000125	1.0275999999999976	0.65333000000000063	0.50744	0.87533000000000005	1.0720000000000001	0.76115999999999995	0.48524	0.76115999999999995	1.0592999999999977	1.0022	0.66284000000000176	0.49475000000000002	0.7135899999999995	1.030699999999998	1.0211999999999979	0.63746999999999998	0.51378000000000001	0.88802000000000003	1.0720000000000001	0.74530000000000063	0.48841000000000057	0.77384000000000175	1.0624	0.98950999999999956	0.58354999999999957	0.551840000000001	0.93559000000000003	1.0561	0.68503999999999998	0.48524	0.76115999999999995	1.0750999999999979	0.87533000000000005	0.51061000000000001	0.646980000000001	1.030699999999998	0.97682000000000113	0.57403999999999999	0.51378000000000001	0.81190000000000062	1.0846	0.81190000000000062	0.49792000000000075	0.69276000000000004	1.0629	0.98950999999999956	0.65016000000000063	0.49792000000000075	0.72943999999999998	1.0655999999999977	0.90069999999999995	0.52012000000000003	0.62478000000000111	1.0085	1.0022	0.59306999999999888	0.54232000000000002	0.91973000000000005	1.0655999999999977	0.69773000000000063	0.49792000000000075	0.74846999999999997	1.0528999999999979	0.94510000000000005	0.56452999999999998	0.57086999999999999	0.97999000000000125	1.030699999999998	0.65016000000000063	0.50744	0.87533000000000005	1.0750999999999979	0.82459000000000005	0.51695000000000002	0.62796000000000063	1.0085	1.0022	0.59306999999999888	0.54232000000000002	0.92290000000000005	1.0655999999999977	0.69773000000000063	0.49792000000000075	0.81190000000000062	1.0846	0.81190000000000062	0.49792000000000075	0.69773000000000063	1.0651999999999977	0.92608000000000001	0.54232000000000002	0.59623999999999899	0.99585000000000001	1.0148999999999977	0.62000999999999995	0.52646999999999899	0.89752999999999949	1.0720000000000001	0.72626999999999997	0.49158000000000063	0.78019000000000005	1.0846	0.84045000000000003	0.50744	0.66601000000000099	1.0022	1.0466	0.74213000000000062	0.49792000000000075	0.63746999999999998	0.97999000000000125	1.0275999999999976	0.65016000000000063	0.50744	0.87533000000000005	1.0750999999999979	0.76115999999999995	0.48524	0.75799000000000138	1.0724	0.87216000000000005	0.51061000000000001	0.646980000000001	1.0338999999999974	0.97365000000000113	0.57721	0.55501	0.95145000000000002	1.0466	0.67236000000000062	0.49792000000000075	0.84679000000000126	1.0783	0.78970000000000062	0.48841000000000057	0.72310000000000063	1.0624	0.90386999999999951	0.56770000000000065	0.56135000000000002	0.96730000000000005	1.0338999999999974	0.66601000000000099	0.50109999999999999	0.86265000000000125	1.0750999999999979	0.77384000000000175	0.48524	0.74530000000000063	1.0688	0.88571999999999951	0.56135000000000002	0.57086999999999999	0.97682000000000113	1.030699999999998	0.646980000000001	0.51061000000000001	0.87533000000000005	1.0750999999999979	0.75799000000000138	0.48841000000000057	0.75799000000000138	1.0592999999999977	0.93559000000000003	0.54866999999999999	0.58672999999999997	0.92290000000000005	1.0624	0.69773000000000063	0.49792000000000075	0.81190000000000062	1.0846	0.81506999999999996	0.49475000000000002	0.70090000000000063	1.0592999999999977	0.92847999999999997	0.53915000000000002	0.599409999999999	0.93876000000000004	1.0750999999999979	0.82459000000000005	0.52012000000000003	0.55818000000000001	0.97048000000000001	1.0338999999999974	0.66284000000000176	0.49980000000000063	0.86265000000000125	1.0750999999999979	0.77384000000000175	0.48524	0.74530000000000063	1.0720000000000001	0.88802000000000003	0.51378000000000001	0.63430000000000064	1.0244	0.98632999999999948	0.58672999999999997	0.54866999999999999	0.93876000000000004	1.0528999999999979	0.75799000000000138	0.50109999999999999	0.62478000000000111	1.0116999999999974	0.99902000000000002	0.59306999999999888	0.50109999999999999	0.85946999999999996	1.0750999999999979	0.77384000000000175	0.48524	0.74530000000000063	1.0720000000000001	0.88802000000000003	0.51378000000000001	0.63746999999999998	1.0244	0.98632999999999948	0.58354999999999957	0.51061000000000001	0.79922000000000004	1.0655999999999977	0.95462000000000125	0.61526999999999998	0.49475000000000002	0.75799000000000138	1.0783	0.87216000000000005	0.51378000000000001	0.64381000000000099	1.0338999999999974	0.97048000000000001	0.57721	0.551840000000001	0.95462000000000125	1.0433999999999979	0.67236000000000062	0.49158000000000063	0.70090000000000063	1.0244	1.0275999999999976	0.70723999999999998	0.49475000000000002	0.79922000000000004	1.0846	0.82776000000000005	0.50109999999999999	0.68503999999999998	1.0561	0.93559000000000003	0.54866999999999999	0.58672999999999997	0.98632999999999948	1.0216999999999974	0.63113000000000063	0.49792000000000075	0.74336999999999998	1.0528999999999979	1.0116999999999974	0.60575000000000112	0.53598000000000001	0.91022000000000003	1.0688	0.71040999999999999	0.49475000000000002	0.79922000000000004	1.0817999999999977	0.90386999999999951	0.57086999999999999	0.529640000000001	0.83409999999999995	1.0783	0.80239000000000005	0.48841000000000057	0.71675999999999995	1.0624	0.92608000000000001	0.52329999999999999	0.61526999999999998	1.0022	1.0116999999999974	0.60258	0.53598000000000001	0.91022000000000003	1.0688	0.71040999999999999	0.49475000000000002	0.79922000000000004	1.0846	0.82776000000000005	0.50109999999999999	0.68503999999999998	1.0561	0.93559000000000003	0.54866999999999999	0.58672999999999997	0.98632999999999948	1.0244	0.63113000000000063	0.52012000000000003	0.88485000000000003	1.0750999999999979	0.73895999999999995	0.49158000000000063	0.77067000000000163	1.0592999999999977	0.98315999999999959	0.58672999999999997	0.54549999999999998	0.94193000000000005	1.0783	0.82459000000000005	0.50109999999999999	0.68503999999999998	1.0561	0.99902000000000002	0.59623999999999899	0.54232000000000002	0.86041999999999996	1.0877999999999977	0.84362000000000126	0.50427	0.669180000000001	1.0022	1.0402	0.67553000000000063	0.49475000000000002	0.84996000000000005	1.0783	0.78970000000000062	0.48841000000000057	0.73261000000000065	1.0655999999999977	0.95779000000000125	0.56770000000000065	0.56452999999999998	0.96730000000000005	1.0370999999999977	0.65967000000000175	0.50427	0.86265000000000125	1.0846	0.92608000000000001	0.58037999999999956	0.52012000000000003	0.88485000000000003	1.0750999999999979	0.81506999999999996	0.49158000000000063	0.70406999999999997	1.0592999999999977	0.92608000000000001	0.53598000000000001	0.599409999999999	0.99268000000000001	1.018	0.61210000000000064	0.53281000000000001	0.89435999999999949	1.0750999999999979	0.71993000000000062	0.49475000000000002	0.7833599999999995	1.0846	0.84045000000000003	0.50427	0.67236000000000062	1.0022	1.0116999999999974	0.60575000000000112	0.53598000000000001	0.91022000000000003	1.0688	0.71040999999999999	0.48524	0.64381000000000099	0.99268000000000001	1.0783	0.82776000000000005	0.52012000000000003	0.62478000000000111	1.0148999999999977	0.99902000000000002	0.59623999999999899	0.54232000000000002	0.92608000000000001	1.0624	0.69773000000000063	0.49475000000000002	0.81823999999999997	1.0750999999999979	0.88485000000000003	0.51695000000000002	0.63430000000000064	1.0275999999999976	0.98062000000000005	0.58672999999999997	0.54549999999999998	0.94193000000000005	1.0497999999999976	0.68503999999999998	0.49475000000000002	0.83409999999999995	1.0783	0.8055599999999995	0.48524	0.71993000000000062	1.0624	0.92608000000000001	0.52646999999999899	0.61210000000000064	1.0053999999999976	1.0085	0.60575000000000112	0.53598000000000001	0.91022000000000003	1.0688	0.71040999999999999	0.49475000000000002	0.80239000000000005	1.0846	0.82776000000000005	0.49792000000000075	0.68820999999999999	1.0528999999999979	0.93876000000000004	0.54549999999999998	0.58989999999999998	0.98315999999999959	1.0244	0.62796000000000063	0.49475000000000002	0.74530000000000063	1.0528999999999979	1.0085	0.60575000000000112	0.53598000000000001	0.91339000000000004	1.0688	0.71040999999999999	0.49475000000000002	0.80239000000000005	1.0846	0.82776000000000005	0.49792000000000075	0.68820999999999999	1.0528999999999979	0.94120000000000004	0.54549999999999998	0.58989999999999998	0.98315999999999959	1.0275999999999976	0.62796000000000063	0.52012000000000003	0.88485000000000003	1.0750999999999979	0.73579000000000161	0.49792000000000075	0.70406999999999997	1.0275999999999976	1.0688	0.78652999999999951	0.51061000000000001	0.60575000000000112	0.98950999999999956	1.0211999999999979	0.61210000000000064	0.529640000000001	0.89435999999999949	1.0750999999999979	0.72310000000000063	0.49475000000000002	0.7833599999999995	1.0846	0.84045000000000003	0.50427	0.67236000000000062	1.0528999999999979	0.94828000000000001	0.55818000000000001	0.57721	0.97682000000000113	1.030699999999998	0.64381000000000099	0.51378000000000001	0.87216000000000005	1.0783	0.75164000000000175	0.49158000000000063	0.75481000000000065	1.0814999999999977	0.86582000000000126	0.51378000000000001	0.64381000000000099	1.0402	0.96730000000000005	0.58354999999999957	0.551840000000001	0.95779000000000125	1.0433999999999979	0.73261000000000065	0.49475000000000002	0.76750000000000063	1.0877999999999977	0.84996000000000005	0.51061000000000001	0.64381000000000099	1.0433999999999979	0.95779000000000125	0.56770000000000065	0.56452999999999998	0.96730000000000005	1.0370999999999977	0.65967000000000175	0.50427	0.86265000000000125	1.0783	0.84362000000000126	0.52646999999999899	0.551840000000001	0.88485000000000003	1.0783	0.88166999999999951	0.52012000000000003	0.63430000000000064	1.0275999999999976	0.97999000000000125	0.58672999999999997	0.54549999999999998	0.94193000000000005	1.0497999999999976	0.68503999999999998	0.49158000000000063	0.75481000000000065	1.0814999999999977	0.86265000000000125	0.51378000000000001	0.64381000000000099	1.0402	0.96413000000000004	0.58037999999999956	0.551840000000001	0.95779000000000125	1.0433999999999979	0.73072000000000126	0.49475000000000002	0.76750000000000063	1.0846	0.84996000000000005	0.51061000000000001	0.64381000000000099	1.0466	0.95779000000000125	0.56770000000000065	0.56452999999999998	0.96730000000000005	1.0370999999999977	0.65967000000000175	0.50427	0.86265000000000125	1.0783	0.77067000000000163	0.48841000000000057	0.74336999999999998	1.0750999999999979	0.88166999999999951	0.51695000000000002	0.63430000000000064	1.0275999999999976	0.97999000000000125	0.58672999999999997	0.54549999999999998	0.87216000000000005	1.0846	0.82776000000000005	Time (s)
Voltage (V)
4.0 Hz Square Wave
0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	40.9	40.949999999999996	41	41.05	41.1	41.15	41.2	41.25	41.3	41.349999999999994	41.4	41.449999999999996	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.849999999999994	41.9	41.949999999999996	42	42.05	42.1	42.15	42.2	42.25	42.3	42.349999999999994	42.4	42.449999999999996	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.849999999999994	42.9	42.949999999999996	43	43.05	43.1	43.15	43.2	43.25	43.3	43.349999999999994	43.4	43.449999999999996	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.849999999999994	43.9	43.949999999999996	44	44.05	44.1	44.15	44.2	44.25	44.3	44.349999999999994	44.4	44.449999999999996	44.5	44.55	44.6	44.65	44.7	44.75	44.8	44.849999999999994	44.9	44.949999999999996	45	45.05	45.1	45.15	45.2	45.25	45.3	45.349999999999994	45.4	45.449999999999996	45.5	45.55	45.6	45.65	45.7	45.75	45.8	45.849999999999994	45.9	45.949999999999996	46	46.05	46.1	46.15	1.0877999999999977	0.48524	0.49158000000000063	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0783	1.0814999999999977	0.49158000000000063	0.49031000000000063	1.0846	1.0783	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	0.48715000000000008	0.49158000000000063	1.0814999999999977	1.0874999999999977	0.48841000000000057	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0783	1.0750999999999979	0.4820700000000005	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0877999999999977	1.0750999999999979	0.49475000000000002	0.48524	0.49475000000000002	1.091	1.0846	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.48524	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.49475000000000002	1.0750999999999979	1.0877999999999977	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49286000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	1.0783	0.48524	0.49475000000000002	1.0783	1.0846	0.48524	0.49475000000000002	1.0783	1.0846	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0787	0.49286000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0783	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48524	1.0814999999999977	1.0846	0.49158000000000063	0.48524	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.48524	0.49475000000000002	1.0783	1.0846	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48524	0.48524	1.0814999999999977	1.0846	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0877999999999977	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.48841000000000057	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0783	0.4820700000000005	0.48524	0.48524	1.0814999999999977	1.0846	0.49031000000000063	0.49158000000000063	0.49475000000000002	1.0783	1.0846	0.49475000000000002	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.48841000000000057	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.48841000000000057	1.0846	1.0783	1.0750999999999979	0.49158000000000063	0.49158000000000063	0.48841000000000057	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.49158000000000063	0.49158000000000063	0.49475000000000002	1.0783	1.0783	0.48524	0.48841000000000057	0.49031000000000063	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0843	1.0846	0.48715000000000008	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	1.0846	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0783	1.0783	0.48524	0.49158000000000063	1.0750999999999979	1.0877999999999977	0.4820700000000005	0.49475000000000002	1.0783	1.0877999999999977	0.48524	0.49158000000000063	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.4820700000000005	1.0877999999999977	1.0783	0.49158000000000063	0.48524	0.49475000000000002	1.0783	1.0846	0.48524	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0846	1.0846	1.0783	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.48524	1.0877999999999977	1.0783	1.0783	0.49475000000000002	0.48524	1.0877999999999977	1.0783	0.49158000000000063	0.48524	1.0877999999999977	1.0783	0.49158000000000063	0.48524	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	1.0783	0.4820700000000005	0.48524	0.49475000000000002	1.0750999999999979	1.0846	0.48524	0.49475000000000002	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.48841000000000057	1.0846	1.0787	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0787	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	1.0754999999999977	0.49158000000000063	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0877999999999977	1.0750999999999979	0.49475000000000002	0.48524	1.0877999999999977	1.0877999999999977	1.0750999999999979	0.49475000000000002	0.48524	1.0877999999999977	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.48524	0.48524	0.48524	1.0846	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0817999999999977	0.48524	0.49158000000000063	1.0783	1.0846	1.0750999999999979	0.49475000000000002	0.48524	1.0877999999999977	1.0846	0.48524	0.49475000000000002	1.0750999999999979	1.0877999999999977	0.48524	0.49158000000000063	1.0783	1.0877999999999977	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0846	0.49475000000000002	0.48524	0.49158000000000063	1.0877999999999977	1.0846	0.49158000000000063	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	0.49475000000000002	1.0778999999999976	1.0846	0.48524	0.49158000000000063	1.0783	1.0877999999999977	0.48524	0.49158000000000063	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.48524	1.0783	1.0846	1.0783	0.49158000000000063	0.48841000000000057	1.0783	1.0877999999999977	0.48524	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.49158000000000063	1.0783	1.0877999999999977	1.0750999999999979	0.49475000000000002	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0877999999999977	1.0783	0.49475000000000002	0.48524	1.0783	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.48524	0.49475000000000002	1.0750999999999979	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0846	1.0814999999999977	0.49158000000000063	0.48524	0.49158000000000063	1.0783	1.0846	0.48524	0.49158000000000063	1.0783	1.0877999999999977	0.4820700000000005	0.49475000000000002	1.0783	1.0877999999999977	0.48524	0.49158000000000063	1.0783	1.0846	1.0783	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0783	1.0814999999999977	0.49158000000000063	0.48524	0.49158000000000063	1.0783	1.0814999999999977	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	1.0846	0.49475000000000002	0.48524	1.0877999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0814999999999977	0.48841000000000057	0.48841000000000057	1.0846	1.0787	0.49158000000000063	0.48524	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.4820700000000005	0.48524	1.0814999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.48841000000000057	1.0783	1.0846	0.49475000000000002	0.49475000000000002	0.49158000000000063	1.0846	1.0814999999999977	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48524	0.49158000000000063	1.0783	1.0846	0.49031000000000063	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0783	1.0750999999999979	0.49475000000000002	0.48524	1.0846	1.0783	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	1.0783	0.48524	0.49158000000000063	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0783	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	0.49158000000000063	1.0817999999999977	1.0783	0.49158000000000063	0.48524	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	0.48841000000000057	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0814999999999977	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48524	0.49158000000000063	1.0783	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0846	1.0783	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.4820700000000005	1.0783	1.0846	0.48524	0.49475000000000002	0.49158000000000063	1.0783	1.0846	0.48524	0.49031000000000063	1.0750999999999979	1.0877999999999977	0.48524	0.49475000000000002	1.0783	1.0846	0.48524	0.49475000000000002	1.0783	1.0877999999999977	0.48524	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.48841000000000057	1.0846	1.0814999999999977	0.49158000000000063	0.49158000000000063	1.0814999999999977	1.0846	0.48841000000000057	0.49158000000000063	1.0787	1.0846	1.0814999999999977	0.49158000000000063	0.48524	1.0846	1.0783	0.49475000000000002	0.4820700000000005	1.0877999999999977	1.0750999999999979	0.49475000000000002	0.48524	1.0877999999999977	1.0783	0.49158000000000063	0.48524	0.48524	1.0724	1.0877999999999977	0.48524	0.48524	1.0783	1.0814999999999977	1.0846	0.48841000000000057	Time (s)
Voltage (V)
5.0 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	40.9	40.949999999999996	41	41.05	41.1	41.15	41.2	41.25	41.3	41.349999999999994	41.4	41.449999999999996	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.849999999999994	41.9	41.949999999999996	42	42.05	42.1	42.15	42.2	42.25	42.3	42.349999999999994	42.4	42.449999999999996	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.849999999999994	42.9	42.949999999999996	43	43.05	43.1	43.15	43.2	43.25	43.3	43.349999999999994	43.4	43.449999999999996	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.849999999999994	43.9	43.949999999999996	1.018	0.47890000000000038	0.74846999999999997	1.0402	0.70723999999999998	0.50744	1.030699999999998	0.87849999999999995	0.51378000000000001	0.79922000000000004	1.0497999999999976	0.74213000000000062	0.44401000000000002	0.74846999999999997	1.0877999999999977	0.61210000000000064	0.58989999999999998	1.0022	0.89119000000000004	0.44718000000000002	0.74846999999999997	1.0846	0.599409999999999	0.61526999999999998	0.98950999999999956	0.89752999999999949	0.44718000000000002	0.89435999999999949	1.0022	0.58672999999999997	0.61843999999999999	1.1005	0.73579000000000161	0.45669000000000004	0.90386999999999951	0.99902000000000002	0.61843999999999999	0.60893000000000064	1.030699999999998	1.0116999999999974	0.599409999999999	0.551840000000001	0.94193000000000005	0.97999000000000125	0.49792000000000075	0.75164000000000175	1.0720000000000001	0.73579000000000161	0.45035000000000008	0.75799000000000138	1.030699999999998	0.77067000000000163	0.47572000000000031	0.75481000000000065	1.091	0.85409000000000113	0.52012000000000003	0.74530000000000063	1.0338999999999974	0.73579000000000161	0.48841000000000057	1.0275999999999976	0.89435999999999949	0.46621000000000001	0.58989999999999998	1.091	0.75481000000000065	0.52329999999999999	0.88166999999999951	1.0338999999999974	0.47890000000000038	0.73895999999999995	1.0497999999999976	0.7135899999999995	0.50744	1.0338999999999974	0.89119000000000004	0.51061000000000001	0.79286999999999996	1.0750999999999979	0.71675999999999995	0.50744	1.030699999999998	0.89119000000000004	0.50744	0.79286999999999996	1.0720000000000001	0.599409999999999	0.60575000000000112	1.0528999999999979	0.88802000000000003	0.48841000000000057	0.599409999999999	0.99585000000000001	1.0655999999999977	0.70090000000000063	0.52646999999999899	0.89435999999999949	1.0085	0.59306999999999888	0.61526999999999998	1.0942000000000001	0.74213000000000062	0.51878000000000002	0.88802000000000003	1.0085	0.58989999999999998	0.61843999999999999	0.99902000000000002	0.89119000000000004	0.50744	0.59623999999999899	1.0244	0.89435999999999949	0.48524	0.83092999999999995	1.0433999999999979	0.60575000000000112	0.551840000000001	0.93559000000000003	1.0053999999999976	0.75799000000000138	0.51378000000000001	0.84362000000000126	1.0750999999999979	0.73895999999999995	0.45669000000000004	0.75164000000000175	1.0244	0.76750000000000063	0.46621000000000001	0.73895999999999995	1.091	0.74213000000000062	0.46621000000000001	0.75799000000000138	1.0338999999999974	0.77384000000000175	0.46304000000000001	0.73895999999999995	1.0814999999999977	0.74530000000000063	0.51378000000000001	0.96096000000000004	0.96096000000000004	0.51378000000000001	0.73261000000000065	1.0877999999999977	0.64381000000000099	0.56452999999999998	1.0053999999999976	0.89119000000000004	0.45669000000000004	0.86899000000000126	1.0116999999999974	0.61210000000000064	0.58037999999999956	1.1036999999999977	0.74213000000000062	0.52329999999999999	0.90386999999999951	1.0148999999999977	0.49792000000000075	0.73579000000000161	1.0561	0.71040999999999999	0.51378000000000001	1.0211999999999979	0.89435999999999949	0.50744	0.79603999999999997	1.0688	0.60575000000000112	0.60258	1.0561	0.81506999999999996	0.49792000000000075	0.88485000000000003	1.030699999999998	0.51695000000000002	0.69773000000000063	1.0561	0.74530000000000063	0.49158000000000063	0.99902000000000002	0.91655999999999949	0.53915000000000002	0.72626999999999997	1.1100000000000001	0.59623999999999899	0.599409999999999	1.0116999999999974	0.88166999999999951	0.54549999999999998	0.70723999999999998	1.0528999999999979	0.74213000000000062	0.47572000000000031	1.0211999999999979	0.88485000000000003	0.53281000000000001	0.75164000000000175	1.0942000000000001	0.60258	0.59623999999999899	1.0148999999999977	0.87849999999999995	0.46304000000000001	0.89119000000000004	1.0116999999999974	0.57721	0.63582000000000138	1.0846	0.86582000000000126	0.46621000000000001	0.89119000000000004	1.0148999999999977	0.59623999999999899	0.646980000000001	1.0814999999999977	0.75164000000000175	0.46938000000000063	0.89435999999999949	1.018	0.56452999999999998	0.65333000000000063	1.0783	0.75481000000000065	0.51061000000000001	0.97048000000000001	0.94828000000000001	0.51378000000000001	0.73261000000000065	1.091	0.63430000000000064	0.57086999999999999	1.0053999999999976	0.89752999999999949	0.45352000000000031	0.87849999999999995	1.0022	0.61843999999999999	0.58672999999999997	1.091	0.75799000000000138	0.51378000000000001	0.90705000000000002	1.0116999999999974	0.50427	0.73261000000000065	1.1005	0.92608000000000001	0.52646999999999899	0.72943999999999998	1.0972999999999979	0.60575000000000112	0.60575000000000112	0.98694999999999999	0.90069999999999995	0.45352000000000031	0.88485000000000003	1.0085	0.58672999999999997	0.61526999999999998	1.0877999999999977	0.75799000000000138	0.51378000000000001	0.92925000000000002	0.99902000000000002	0.50744	0.73261000000000065	1.0561	0.68820999999999999	0.53598000000000001	1.0085	0.98950999999999956	0.50744	0.73579000000000161	1.0750999999999979	0.67870000000000175	0.54549999999999998	0.93876000000000004	1.0053999999999976	0.50744	0.73261000000000065	1.0814999999999977	0.66601000000000099	0.51061000000000001	0.88802000000000003	1.018	0.57721	0.63582000000000138	1.0814999999999977	0.75164000000000175	0.50744	0.95779000000000125	1.018	0.57086999999999999	0.646980000000001	1.0814999999999977	0.75799000000000138	0.50109999999999999	0.96413000000000004	0.95145000000000002	0.58989999999999998	0.65967000000000175	1.030699999999998	0.89752999999999949	0.51695000000000002	0.76750000000000063	1.0814999999999977	0.60893000000000064	0.59623999999999899	1.018	0.90386999999999951	0.51378000000000001	0.77702000000000127	1.0528999999999979	0.72943999999999998	0.51061000000000001	1.0148999999999977	0.90386999999999951	0.50744	0.78652999999999951	1.0750999999999979	0.61210000000000064	0.59623999999999899	1.0497999999999976	0.82776000000000005	0.49475000000000002	0.79603999999999997	1.0688	0.61526999999999998	0.58672999999999997	1.0592999999999977	0.81823999999999997	0.49792000000000075	0.87849999999999995	1.030699999999998	0.52329999999999999	0.68820999999999999	1.0561	0.75481000000000065	0.47890000000000038	1.0116999999999974	0.90069999999999995	0.53915000000000002	0.69773000000000063	1.0624	0.91339000000000004	0.4820700000000005	0.82142000000000004	1.0433999999999979	0.61526999999999998	0.58037999999999956	1.0688	0.79603999999999997	0.50109999999999999	0.87849999999999995	1.030699999999998	0.50109999999999999	0.71675999999999995	1.0275999999999976	0.76432999999999995	0.4820700000000005	1.0148999999999977	0.91022000000000003	0.52012000000000003	0.75481000000000065	1.0877999999999977	0.61210000000000064	0.59306999999999888	1.0211999999999979	0.86899000000000126	0.47255000000000008	0.88166999999999951	1.0244	0.56770000000000065	0.646980000000001	1.0275999999999976	0.91339000000000004	0.49792000000000075	0.56135000000000002	1.1005	0.75799000000000138	0.44401000000000002	0.86265000000000125	1.0022	0.63430000000000064	0.57403999999999999	1.0942000000000001	0.76750000000000063	0.51695000000000002	0.89119000000000004	1.0211999999999979	0.49792000000000075	0.72626999999999997	1.0972999999999979	0.92608000000000001	0.52646999999999899	0.67553000000000063	1.0497999999999976	0.91022000000000003	0.50109999999999999	0.72626999999999997	1.0592999999999977	0.71993000000000062	0.51378000000000001	1.0085	0.91339000000000004	0.50109999999999999	0.79286999999999996	1.0655999999999977	0.61843999999999999	0.59306999999999888	1.0655999999999977	0.81823999999999997	0.49664000000000008	0.86899000000000126	1.0338999999999974	0.52329999999999999	0.68503999999999998	1.0497999999999976	0.75481000000000065	0.46621000000000001	1.0148999999999977	0.90386999999999951	0.53598000000000001	0.73895999999999995	1.030699999999998	0.77702000000000127	0.46304000000000001	1.0085	0.91339000000000004	0.50109999999999999	0.56770000000000065	1.0085	0.99268000000000001	0.51378000000000001	0.71993000000000062	1.0846	0.67236000000000062	0.54866999999999999	0.99902000000000002	0.91655999999999949	0.46938000000000063	0.83092999999999995	1.030699999999998	0.61210000000000064	0.57721	1.0783	0.77384000000000175	0.529640000000001	0.86899000000000126	1.0402	0.50109999999999999	0.71040999999999999	1.0528999999999979	0.73895999999999995	0.49792000000000075	1.0053999999999976	0.91022000000000003	0.50109999999999999	0.55501	1.1005	0.76432999999999995	0.52012000000000003	0.87849999999999995	1.0275999999999976	0.50109999999999999	0.71993000000000062	1.0561	0.72943999999999998	0.50744	1.0116999999999974	0.91339000000000004	0.50744	0.78019000000000005	1.0750999999999979	0.61843999999999999	0.58672999999999997	1.0528999999999979	0.83409999999999995	0.49475000000000002	0.86582000000000126	1.0370999999999977	0.53281000000000001	0.67553000000000063	1.0466	0.82776000000000005	0.50109999999999999	0.79603999999999997	1.0624	0.62796000000000063	0.57086999999999999	1.0053999999999976	0.91973000000000005	0.49158000000000063	0.8055599999999995	1.0528999999999979	0.62796000000000063	0.58672999999999997	1.0655999999999977	0.80872999999999995	0.49792000000000075	0.86899000000000126	1.0338999999999974	0.52329999999999999	0.69773000000000063	1.0370999999999977	0.77384000000000175	0.47255000000000008	0.99902000000000002	1.0497999999999976	0.50427	0.7135899999999995	1.030699999999998	0.76432999999999995	0.47890000000000038	1.0022	0.92608000000000001	0.51695000000000002	0.71675999999999995	1.0720000000000001	0.92608000000000001	0.52646999999999899	0.71040999999999999	1.091	0.77384000000000175	0.47255000000000008	0.75164000000000175	1.0528999999999979	0.74846999999999997	0.49475000000000002	0.99902000000000002	0.92608000000000001	0.51378000000000001	0.75481000000000065	1.0877999999999977	0.621610000000001	0.49158000000000063	1.0053999999999976	0.91973000000000005	0.51695000000000002	0.76432999999999995	1.0814999999999977	0.74213000000000062	0.52329999999999999	0.87533000000000005	1.1036999999999977	0.77702000000000127	0.47890000000000038	0.96730000000000005	0.94828000000000001	0.52646999999999899	0.71040999999999999	1.0972999999999979	0.65650000000000064	0.58672999999999997	0.97113000000000005	0.92608000000000001	0.45035000000000008	0.85313000000000005	1.0244	0.61210000000000064	0.58672999999999997	1.0846	0.77702000000000127	0.51378000000000001	0.90069999999999995	1.018	0.51061000000000001	0.71675999999999995	1.0691999999999979	0.71040999999999999	0.52329999999999999	0.99902000000000002	0.92608000000000001	0.48524	0.8055599999999995	1.0466	0.63113000000000063	0.53598000000000001	0.9141899999999995	1.0022	0.52012000000000003	0.7135899999999995	1.0787	0.77702000000000127	0.50427	0.92608000000000001	0.99902000000000002	0.52329999999999999	0.70723999999999998	1.091	0.67695000000000138	0.54549999999999998	0.98632999999999948	0.93242000000000003	0.46621000000000001	0.79603999999999997	1.0338999999999974	0.62478000000000111	0.56770000000000065	1.0942000000000001	0.77067000000000163	0.53281000000000001	0.85313000000000005	1.0402	0.51378000000000001	0.70090000000000063	1.0561	0.77702000000000127	0.4598700000000005	0.70090000000000063	1.0592999999999977	0.86899000000000126	0.51695000000000002	0.75799000000000138	1.0814999999999977	0.63113000000000063	0.49792000000000075	0.88166999999999951	1.030699999999998	0.65333000000000063	0.4820700000000005	0.85629999999999995	1.0814999999999977	0.63113000000000063	0.57721	1.0047999999999977	0.92608000000000001	0.51061000000000001	0.77067000000000163	1.0783	0.63113000000000063	0.57403999999999999	1.0497999999999976	0.83726999999999996	0.49792000000000075	0.85946999999999996	1.0402	0.53598000000000001	0.56452999999999998	1.0592999999999977	0.83092999999999995	0.50109999999999999	0.84996000000000005	1.0497999999999976	0.52646999999999899	0.67553000000000063	1.0433999999999979	0.77067000000000163	0.46304000000000001	0.99585000000000001	0.91973000000000005	0.53598000000000001	0.7135899999999995	1.1005	0.78970000000000062	0.4598700000000005	1.0085	0.91655999999999949	0.52012000000000003	0.70723999999999998	1.018	0.78970000000000062	0.49792000000000075	0.85313000000000005	1.0655999999999977	0.49792000000000075	0.71040999999999999	1.0275999999999976	0.77384000000000175	0.52646999999999899	0.82142000000000004	1.0942000000000001	0.77817000000000125	0.50109999999999999	0.93559000000000003	0.98315999999999959	0.53598000000000001	0.69773000000000063	1.0750999999999979	0.78652999999999951	0.49031000000000063	0.94828000000000001	0.97048000000000001	0.53598000000000001	0.69276000000000004	1.0972999999999979	0.78970000000000062	0.4820700000000005	0.95145000000000002	0.96413000000000004	0.53281000000000001	0.69455999999999996	1.0972999999999979	0.65967000000000175	0.54866999999999999	0.95462000000000125	0.95779000000000125	0.54232000000000002	0.68820999999999999	1.0561	0.7833599999999995	0.47890000000000038	0.96413000000000004	0.95779000000000125	0.53281000000000001	0.70090000000000063	1.091	0.64064000000000176	0.58354999999999957	0.97048000000000001	0.94193000000000005	0.45352000000000031	0.84679000000000126	1.0211999999999979	0.62478000000000111	0.58354999999999957	1.0846	0.78652999999999951	0.50744	0.89435999999999949	1.0244	0.52012000000000003	0.70406999999999997	1.0720000000000001	0.72310000000000063	0.51695000000000002	0.99268000000000001	0.93559000000000003	0.48524	0.79922000000000004	1.0497999999999976	0.646980000000001	0.551840000000001	1.0655999999999977	0.81823999999999997	0.50744	0.84776000000000062	1.0433999999999979	0.551840000000001	0.69773000000000063	1.030699999999998	0.7833599999999995	0.46500000000000002	0.98315999999999959	0.93242000000000003	0.53598000000000001	0.71993000000000062	1.1005	0.64064000000000176	0.57403999999999999	0.98950999999999956	1.0624	0.64064000000000176	0.54866999999999999	0.94193000000000005	0.78652999999999951	0.529640000000001	0.83726999999999996	1.0624	0.50744	0.69455999999999996	1.0433999999999979	0.76432999999999995	0.51695000000000002	0.85629999999999995	1.0528999999999979	0.51378000000000001	0.70090000000000063	1.0466	0.75481000000000065	0.49475000000000002	0.99268000000000001	0.92925000000000002	0.52329999999999999	0.75164000000000175	1.0846	0.63746999999999998	0.49475000000000002	0.99585000000000001	0.93242000000000003	0.51695000000000002	0.75799000000000138	1.0783	0.63746999999999998	0.57086999999999999	1.0402	0.85629999999999995	0.49604000000000031	0.76750000000000063	1.0783	0.63746999999999998	0.56452999999999998	1.0466	0.84679000000000126	0.49792000000000075	0.84996000000000005	1.0497999999999976	0.53915000000000002	0.66601000000000099	1.0497999999999976	0.78019000000000005	0.47255000000000008	0.84679000000000126	1.0592999999999977	0.72310000000000063	0.50744	0.84776000000000062	1.0281	0.61526999999999998	0.58989999999999998	1.0783	0.78652999999999951	0.50744	0.85629999999999995	1.1036999999999977	0.64064000000000176	0.57721	0.98632999999999948	0.92608000000000001	0.51061000000000001	0.71040999999999999	1.018	0.79286999999999996	0.4598700000000005	0.99902000000000002	0.92608000000000001	0.53281000000000001	0.72310000000000063	1.1005	0.64064000000000176	0.57403999999999999	1.0116999999999974	0.90069999999999995	0.47255000000000008	0.85313000000000005	1.0402	0.58836999999999851	0.61843999999999999	1.0720000000000001	0.79286999999999996	0.48524	0.85313000000000005	1.0972999999999979	0.63746999999999998	0.57721	1.018	0.93559000000000003	0.52646999999999899	0.55501	1.0877999999999977	0.78970000000000062	0.51378000000000001	0.85946999999999996	1.0433999999999979	0.52012000000000003	0.69773000000000063	1.0561	0.75799000000000138	0.49158000000000063	0.99268000000000001	0.93559000000000003	0.51378000000000001	0.75481000000000065	1.0592999999999977	0.79286999999999996	0.51061000000000001	0.87849999999999995	1.030699999999998	0.62796000000000063	0.58037999999999956	0.96413000000000004	1.0528999999999979	0.64381000000000099	0.56452999999999998	Time (s)
Voltage (V)
5.0 Hz Square Wave
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Voltage (V)
7.5 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999977	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.950000000000002	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000016	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000016	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000016	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000016	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000016	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000016	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000016	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000016	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000016	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000016	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000016	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000016	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	28.6	28.650000000000031	28.7	28.75	28.8	28.85	28.9	28.95	29	29.05	29.1	29.150000000000031	29.2	29.25	29.3	29.35	29.4	29.45	29.5	29.55	29.6	29.650000000000031	29.7	29.75	29.8	29.85	29.9	29.95	30	30.05	30.1	30.150000000000031	30.2	30.25	30.3	30.35	30.4	30.45	30.5	30.55	30.6	30.650000000000031	30.7	30.75	30.8	30.85	30.9	30.95	31	31.05	31.1	31.150000000000031	31.2	31.25	31.3	31.35	31.4	31.45	31.5	31.55	31.6	31.650000000000031	31.7	31.75	31.8	31.85	31.9	31.95	32	32.050000000000004	32.1	32.15	32.200000000000003	32.25	32.300000000000004	32.349999999999994	32.4	32.449999999999996	32.5	32.550000000000004	32.6	32.65	32.700000000000003	32.75	32.800000000000004	32.849999999999994	32.9	32.949999999999996	33	33.050000000000004	33.1	33.15	33.200000000000003	33.25	33.300000000000004	33.349999999999994	33.4	33.449999999999996	33.5	33.550000000000004	33.6	33.65	33.700000000000003	33.75	33.800000000000004	33.849999999999994	33.9	33.949999999999996	34	34.050000000000004	34.1	34.15	34.200000000000003	34.25	34.300000000000004	34.349999999999994	34.4	34.449999999999996	34.5	34.550000000000004	34.6	34.65	34.700000000000003	34.75	34.800000000000004	34.849999999999994	34.9	34.949999999999996	35	35.050000000000004	35.1	35.15	35.200000000000003	35.25	35.300000000000004	35.349999999999994	35.4	35.449999999999996	35.5	35.550000000000004	35.6	35.65	35.700000000000003	35.75	35.800000000000004	35.849999999999994	35.9	35.949999999999996	36	36.050000000000004	36.1	36.15	36.200000000000003	36.25	36.300000000000004	36.349999999999994	36.4	36.449999999999996	36.5	36.550000000000004	36.6	36.65	36.700000000000003	36.75	36.800000000000004	36.849999999999994	36.9	36.949999999999996	37	37.050000000000004	37.1	37.15	37.200000000000003	37.25	37.300000000000004	37.349999999999994	37.4	37.449999999999996	37.5	37.550000000000004	37.6	37.65	37.700000000000003	37.75	37.800000000000004	37.849999999999994	37.9	37.949999999999996	38	38.050000000000004	38.1	38.15	38.200000000000003	38.25	38.300000000000004	38.349999999999994	38.4	38.449999999999996	38.5	38.550000000000004	38.6	38.65	38.700000000000003	38.75	38.800000000000004	38.849999999999994	38.9	38.949999999999996	39	39.050000000000004	39.1	39.15	39.200000000000003	39.25	39.300000000000004	39.349999999999994	39.4	39.449999999999996	39.5	39.550000000000004	39.6	39.65	39.700000000000003	39.75	39.800000000000004	39.849999999999994	39.9	39.949999999999996	40	40.050000000000004	40.1	40.15	40.200000000000003	40.25	40.300000000000004	40.349999999999994	40.4	40.449999999999996	40.5	40.550000000000004	40.6	40.65	40.700000000000003	40.75	40.800000000000004	40.849999999999994	40.9	40.949999999999996	41	41.05	41.1	41.15	41.2	41.25	41.3	41.349999999999994	41.4	41.449999999999996	41.5	41.55	41.6	41.65	41.7	41.75	41.8	41.849999999999994	41.9	41.949999999999996	42	42.05	42.1	42.15	42.2	42.25	42.3	42.349999999999994	42.4	42.449999999999996	42.5	42.55	42.6	42.65	42.7	42.75	42.8	42.849999999999994	42.9	42.949999999999996	43	43.05	43.1	43.15	43.2	43.25	43.3	43.349999999999994	43.4	43.449999999999996	43.5	43.55	43.6	43.65	43.7	43.75	43.8	43.849999999999994	43.9	43.949999999999996	44	44.05	44.1	44.15	44.2	44.25	44.3	44.349999999999994	44.4	44.449999999999996	44.5	44.55	44.6	44.65	44.7	44.75	44.8	44.849999999999994	44.9	44.949999999999996	45	45.05	45.1	45.15	45.2	45.25	45.3	45.349999999999994	45.4	45.449999999999996	45.5	45.55	45.6	45.65	45.7	45.75	45.8	45.849999999999994	45.9	45.949999999999996	46	46.05	46.1	46.15	46.2	46.25	46.3	46.349999999999994	46.4	46.449999999999996	46.5	46.55	46.6	46.65	46.7	46.75	46.8	46.849999999999994	46.9	46.949999999999996	47	47.05	47.1	47.15	47.2	47.25	47.3	47.349999999999994	47.4	47.449999999999996	47.5	47.55	47.6	47.65	47.7	47.75	47.8	47.849999999999994	47.9	47.949999999999996	48	48.05	48.1	48.15	48.2	48.25	48.3	48.349999999999994	48.4	48.449999999999996	48.5	48.55	48.6	48.65	48.7	48.75	48.8	48.849999999999994	48.9	48.949999999999996	49	49.05	49.1	49.15	49.2	49.25	49.3	49.349999999999994	49.4	49.449999999999996	49.5	49.55	49.6	49.65	49.7	49.75	49.8	49.849999999999994	49.9	49.949999999999996	50	50.05	50.1	50.15	50.2	50.25	50.3	50.349999999999994	50.4	50.449999999999996	50.5	50.55	50.6	50.65	50.7	50.75	50.8	50.849999999999994	50.9	50.949999999999996	51	51.05	51.1	51.15	51.2	51.25	51.3	51.349999999999994	51.4	51.449999999999996	51.5	51.55	51.6	51.65	51.7	51.75	51.8	51.849999999999994	51.9	51.949999999999996	52	52.05	52.1	52.15	52.2	52.25	52.3	52.349999999999994	52.4	52.449999999999996	52.5	52.55	52.6	52.65	52.7	52.75	52.8	52.849999999999994	52.9	52.949999999999996	53	53.05	53.1	53.15	53.2	53.25	53.3	53.349999999999994	53.4	53.449999999999996	53.5	53.55	53.6	53.65	53.7	53.75	53.8	53.849999999999994	53.9	53.949999999999996	54	54.05	54.1	54.15	54.2	54.25	54.3	54.349999999999994	54.4	54.449999999999996	54.5	54.55	54.6	54.65	54.7	54.75	54.8	54.849999999999994	54.9	54.949999999999996	55	55.05	55.1	55.15	55.2	55.25	55.3	55.349999999999994	55.4	55.449999999999996	55.5	55.55	55.6	55.65	55.7	55.75	55.8	55.849999999999994	55.9	55.949999999999996	56	56.05	56.1	56.15	56.2	56.25	56.3	56.349999999999994	56.4	56.449999999999996	56.5	56.55	56.6	56.65	56.7	56.75	56.8	56.849999999999994	56.9	56.949999999999996	57	57.05	57.1	57.15	57.2	57.25	57.3	57.349999999999994	57.4	57.449999999999996	57.5	57.55	57.6	57.65	57.7	57.75	57.8	57.849999999999994	57.9	57.949999999999996	58	58.05	58.1	58.15	58.2	58.25	58.3	58.349999999999994	58.4	58.449999999999996	58.5	58.55	58.6	58.65	58.7	58.75	58.8	58.849999999999994	58.9	58.949999999999996	59	59.05	59.1	59.15	59.2	59.25	59.3	59.349999999999994	59.4	59.449999999999996	59.5	59.55	59.6	59.65	59.7	59.75	59.8	59.849999999999994	59.9	59.949999999999996	60	60.05	60.1	60.15	60.2	60.25	60.3	60.349999999999994	60.4	60.449999999999996	60.5	60.55	60.6	60.65	60.7	60.75	60.8	60.849999999999994	60.9	60.949999999999996	61	61.05	61.1	61.15	61.2	61.25	61.3	61.349999999999994	61.4	61.449999999999996	61.5	61.55	61.6	61.65	61.7	61.75	61.8	61.849999999999994	61.9	61.949999999999996	62	62.05	62.1	62.15	62.2	62.25	62.3	62.349999999999994	62.4	62.449999999999996	62.5	62.55	62.6	62.65	62.7	62.75	62.8	62.849999999999994	62.9	62.949999999999996	63	63.05	63.1	63.15	63.2	63.25	63.3	63.349999999999994	63.4	63.449999999999996	63.5	63.55	63.6	63.65	63.7	63.75	63.8	63.849999999999994	63.9	63.949999999999996	64	64.05	64.099999999999994	64.149999999999991	64.2	64.25	64.3	64.349999999999994	64.400000000000006	64.45	64.5	64.55	64.599999999999994	64.649999999999991	64.7	64.75	64.8	64.849999999999994	64.900000000000006	64.95	65	65.05	65.099999999999994	65.149999999999991	65.2	65.25	65.3	65.349999999999994	65.400000000000006	65.45	65.5	65.55	65.599999999999994	65.649999999999991	65.7	65.75	65.8	65.849999999999994	65.900000000000006	65.95	66	66.05	66.099999999999994	66.149999999999991	66.2	66.25	66.3	66.349999999999994	66.400000000000006	66.45	66.5	66.55	66.599999999999994	66.649999999999991	66.7	66.75	66.8	66.849999999999994	66.900000000000006	66.95	67	67.05	67.099999999999994	67.149999999999991	67.2	67.25	67.3	67.349999999999994	67.400000000000006	67.45	67.5	67.55	67.599999999999994	67.649999999999991	67.7	67.75	67.8	67.849999999999994	67.900000000000006	67.95	68	68.05	68.099999999999994	68.149999999999991	68.2	68.25	68.3	68.349999999999994	68.400000000000006	68.45	68.5	68.55	68.599999999999994	68.649999999999991	68.7	68.75	68.8	68.849999999999994	68.900000000000006	68.95	69	69.05	69.099999999999994	69.149999999999991	69.2	69.25	69.3	69.349999999999994	69.400000000000006	69.45	69.5	69.55	69.599999999999994	69.649999999999991	69.7	69.75	69.8	69.849999999999994	69.900000000000006	69.95	70	70.05	70.099999999999994	70.149999999999991	70.2	70.25	70.3	70.349999999999994	70.400000000000006	70.45	70.5	70.55	70.599999999999994	70.649999999999991	70.7	70.75	70.8	70.849999999999994	70.900000000000006	70.95	71	71.05	71.099999999999994	71.149999999999991	71.2	71.25	71.3	71.349999999999994	71.400000000000006	71.45	71.5	71.55	71.599999999999994	71.649999999999991	71.7	71.75	71.8	71.849999999999994	71.900000000000006	71.95	72	72.05	72.099999999999994	72.149999999999991	72.2	72.25	72.3	72.349999999999994	72.400000000000006	72.45	72.5	72.55	72.599999999999994	72.649999999999991	72.7	72.75	72.8	72.849999999999994	72.900000000000006	72.95	73	73.05	73.099999999999994	73.149999999999991	73.2	73.25	73.3	73.349999999999994	73.400000000000006	73.45	73.5	73.55	73.599999999999994	73.649999999999991	73.7	73.75	73.8	73.849999999999994	73.900000000000006	73.95	74	74.05	74.099999999999994	74.149999999999991	74.2	74.25	74.3	74.349999999999994	74.400000000000006	74.45	74.5	74.55	74.599999999999994	74.649999999999991	74.7	74.75	74.8	74.849999999999994	74.900000000000006	74.95	75	75.05	75.099999999999994	75.149999999999991	75.2	75.25	75.3	75.349999999999994	75.400000000000006	75.45	75.5	75.55	75.599999999999994	75.649999999999991	75.7	75.75	75.8	75.849999999999994	75.900000000000006	75.95	76	76.05	76.099999999999994	76.149999999999991	76.2	76.25	76.3	76.349999999999994	76.400000000000006	76.45	76.5	76.55	76.599999999999994	76.649999999999991	76.7	76.75	76.8	76.849999999999994	76.900000000000006	76.95	77	77.05	77.099999999999994	77.149999999999991	77.2	77.25	77.3	77.349999999999994	77.400000000000006	77.45	77.5	77.55	77.599999999999994	77.649999999999991	77.7	77.75	77.8	77.849999999999994	77.900000000000006	77.95	78	78.05	78.099999999999994	78.149999999999991	78.2	78.25	78.3	78.349999999999994	78.400000000000006	78.45	78.5	78.55	78.599999999999994	78.649999999999991	78.7	78.75	78.8	78.849999999999994	78.900000000000006	78.95	79	79.05	79.099999999999994	79.149999999999991	79.2	79.25	79.3	79.349999999999994	79.400000000000006	79.45	79.5	79.55	79.599999999999994	79.649999999999991	79.7	79.75	79.8	79.849999999999994	79.900000000000006	79.95	80	80.05	80.099999999999994	80.149999999999991	80.2	80.25	80.3	80.349999999999994	80.400000000000006	80.45	80.5	80.55	80.599999999999994	80.649999999999991	80.7	80.75	80.8	80.849999999999994	80.900000000000006	80.95	81	81.05	81.099999999999994	81.149999999999991	81.2	81.25	81.3	81.349999999999994	81.400000000000006	81.45	81.5	81.55	81.599999999999994	81.649999999999991	81.7	81.75	81.8	81.849999999999994	81.900000000000006	81.95	82	82.05	82.1	82.149999999999991	82.2	82.25	82.3	82.35	82.4	82.45	82.5	82.55	82.6	0.48841000000000057	1.0211999999999979	0.63113000000000063	0.6913899999999995	0.97048000000000001	0.52012000000000003	1.0433999999999979	0.56452999999999998	0.91339000000000004	0.75481000000000065	0.69773000000000063	0.95779000000000125	0.529640000000001	1.0624	0.50109999999999999	1.0085	0.62478000000000111	0.81506999999999996	0.84679000000000126	0.59306999999999888	1.0402	0.45669000000000004	1.0846	0.45035000000000008	1.0338999999999974	0.61210000000000064	0.81190000000000062	0.85313000000000005	0.60258	1.0148999999999977	0.51695000000000002	1.018	0.599409999999999	0.87533000000000005	0.79493000000000003	0.65967000000000175	0.99585000000000001	0.50744	1.030699999999998	0.63113000000000063	0.57721	1.0370999999999977	0.51061000000000001	0.97999000000000125	0.63746999999999998	0.80872999999999995	0.84362000000000126	0.61210000000000064	1.1005	0.64064000000000176	0.68186999999999998	1.030699999999998	0.50427	1.0466	0.56770000000000065	0.90705000000000002	0.76115999999999995	0.69455999999999996	0.95779000000000125	0.53281000000000001	1.0592999999999977	0.50427	1.0022	0.63430000000000064	0.80872999999999995	0.85313000000000005	0.59306999999999888	1.0497999999999976	0.44718000000000002	1.1227	0.64064000000000176	0.72310000000000063	0.92925000000000002	0.54549999999999998	1.0433999999999979	0.51061000000000001	0.99585000000000001	0.63113000000000063	0.81190000000000062	0.86582000000000126	0.56770000000000065	1.0624	0.44401000000000002	1.1036999999999977	0.48524	1.0022	0.65333000000000063	0.79286999999999996	0.87849999999999995	0.58989999999999998	1.0338999999999974	0.50744	1.0370999999999977	0.58037999999999956	0.88888999999999996	0.77702000000000127	0.67553000000000063	0.98315999999999959	0.51695000000000002	1.0592999999999977	0.51061000000000001	0.99268000000000001	0.64381000000000099	0.79603999999999997	0.86582000000000126	0.58037999999999956	1.0466	0.45669000000000004	1.1005	0.47255000000000008	1.0053999999999976	0.65650000000000064	0.77384000000000175	0.89119000000000004	0.57721	1.0370999999999977	0.51061000000000001	1.0211999999999979	0.60258	0.84996000000000005	0.83409999999999995	0.57403999999999999	1.1164000000000001	0.646980000000001	0.72310000000000063	0.92925000000000002	0.54549999999999998	1.0783	0.65016000000000063	0.79286999999999996	0.88485000000000003	0.57086999999999999	1.0528999999999979	0.45669000000000004	1.0846	0.51695000000000002	0.95779000000000125	0.70090000000000063	0.74530000000000063	0.90069999999999995	0.58354999999999957	1.0053999999999976	0.529640000000001	0.98632999999999948	0.63746999999999998	0.82459000000000005	0.84045000000000003	0.60893000000000064	1.0338999999999974	0.47572000000000031	1.1005	0.49158000000000063	0.99585000000000001	0.65967000000000175	0.78652999999999951	0.88802000000000003	0.58037999999999956	1.0528999999999979	0.4820700000000005	1.0655999999999977	0.54866999999999999	0.92608000000000001	0.73579000000000161	0.70406999999999997	0.94193000000000005	0.53915000000000002	1.0433999999999979	0.51378000000000001	0.98632999999999948	0.67553000000000063	0.76750000000000063	0.89752999999999949	0.56452999999999998	1.0592999999999977	0.45352000000000031	1.1036999999999977	0.49475000000000002	0.98950999999999956	0.67236000000000062	0.77384000000000175	0.89119000000000004	0.57721	1.0433999999999979	0.50427	1.0370999999999977	0.58989999999999998	0.87849999999999995	0.7833599999999995	0.57403999999999999	1.1005	0.63746999999999998	0.81823999999999997	0.84679000000000126	0.59306999999999888	1.0466	0.46304000000000001	1.1069	0.49475000000000002	0.99268000000000001	0.67236000000000062	0.77702000000000127	0.89752999999999949	0.56770000000000065	1.0592999999999977	0.47890000000000038	1.0688	0.669180000000001	0.58354999999999957	1.0402	0.50109999999999999	0.97682000000000113	0.67870000000000175	0.75799000000000138	0.90069999999999995	0.56452999999999998	1.0402	0.49158000000000063	0.99268000000000001	0.68503999999999998	0.76115999999999995	0.90705000000000002	0.56770000000000065	1.0402	0.51061000000000001	1.0211999999999979	0.60733000000000004	0.86582000000000126	0.8055599999999995	0.57086999999999999	1.0338999999999974	0.49792000000000075	1.0370999999999977	0.59306999999999888	0.87849999999999995	0.78652999999999951	0.66601000000000099	0.97682000000000113	0.51695000000000002	1.0528999999999979	0.52329999999999999	0.96730000000000005	0.669180000000001	0.77067000000000163	0.89435999999999949	0.55818000000000001	1.0846	0.42815000000000031	1.1100000000000001	0.50427	0.95462000000000125	0.70090000000000063	0.73895999999999995	0.91973000000000005	0.55501	1.0497999999999976	0.51061000000000001	1.0148999999999977	0.62478000000000111	0.73895999999999995	1.0720000000000001	0.551840000000001	0.92290000000000005	0.91339000000000004	0.49158000000000063	1.0783	0.51695000000000002	0.97048000000000001	0.68820999999999999	0.75164000000000175	0.91022000000000003	0.54232000000000002	1.0720000000000001	0.45035000000000008	1.0750999999999979	0.52329999999999999	0.95779000000000125	0.91022000000000003	0.54232000000000002	1.0720000000000001	0.45352000000000031	1.1005	0.68503999999999998	0.66601000000000099	1.0592999999999977	0.50744	0.97365000000000113	0.6913899999999995	0.75481000000000065	0.91655999999999949	0.55501	1.0655999999999977	0.47890000000000038	1.0592999999999977	0.56452999999999998	0.89752999999999949	0.75799000000000138	0.67870000000000175	0.95462000000000125	0.4598700000000005	1.0688	0.551840000000001	0.90705000000000002	0.92608000000000001	0.48524	1.0085	0.70406999999999997	0.551840000000001	1.0814999999999977	0.45669000000000004	1.0942000000000001	0.51378000000000001	0.95779000000000125	0.88802000000000003	0.56770000000000065	1.0783	0.45669000000000004	1.0942000000000001	0.51695000000000002	0.96096000000000004	0.70406999999999997	0.74213000000000062	0.92608000000000001	0.45352000000000031	0.97048000000000001	0.71040999999999999	0.53281000000000001	1.0528999999999979	0.53915000000000002	1.0402	0.52329999999999999	0.98315999999999959	0.65650000000000064	0.79715000000000003	0.87216000000000005	0.58672999999999997	1.0402	0.51061000000000001	0.72943999999999998	0.97365000000000113	0.51695000000000002	1.0433999999999979	0.52646999999999899	0.95779000000000125	0.71040999999999999	0.72626999999999997	0.93876000000000004	0.52012000000000003	1.0783	0.45035000000000008	1.0877999999999977	0.52329999999999999	0.74213000000000062	0.95145000000000002	0.54549999999999998	1.018	0.551840000000001	0.94193000000000005	0.68503999999999998	0.76115999999999995	0.90069999999999995	0.56452999999999998	1.0688	0.45669000000000004	1.1036999999999977	0.51378000000000001	0.95779000000000125	0.7135899999999995	0.73261000000000065	0.93559000000000003	0.54549999999999998	1.0624	0.49158000000000063	1.030699999999998	0.59779000000000004	0.86265000000000125	0.79922000000000004	0.65016000000000063	0.98632999999999948	0.51061000000000001	1.0433999999999979	0.529640000000001	0.94510000000000005	0.70406999999999997	0.72626999999999997	0.97048000000000001	0.46938000000000063	1.0497999999999976	0.57403999999999999	0.87849999999999995	0.77702000000000127	0.66601000000000099	0.97365000000000113	0.52012000000000003	1.0433999999999979	0.529640000000001	0.89435999999999949	0.95145000000000002	0.48524	1.0022	0.64064000000000176	0.81823999999999997	0.85313000000000005	0.60893000000000064	1.0244	0.49792000000000075	1.0624	0.53598000000000001	0.94510000000000005	0.7135899999999995	0.72310000000000063	0.93559000000000003	0.52012000000000003	1.0814999999999977	0.53915000000000002	0.84679000000000126	0.82459000000000005	0.63113000000000063	1.0022	0.50744	1.0528999999999979	0.53281000000000001	0.93559000000000003	0.70723999999999998	0.72626999999999997	0.93242000000000003	0.51061000000000001	1.1036999999999977	0.54232000000000002	0.86582000000000126	0.79922000000000004	0.646980000000001	0.98632999999999948	0.52329999999999999	1.0338999999999974	0.53915000000000002	0.93876000000000004	0.72310000000000063	0.7135899999999995	0.95145000000000002	0.52646999999999899	1.0338999999999974	0.56452999999999998	0.7135899999999995	0.95145000000000002	0.52012000000000003	1.0783	0.4598700000000005	1.0592999999999977	0.56452999999999998	0.85313000000000005	0.77384000000000175	0.68186999999999998	0.94510000000000005	0.551840000000001	1.0244	0.54549999999999998	0.94828000000000001	0.6913899999999995	0.75799000000000138	0.91022000000000003	0.551840000000001	1.0688	0.45352000000000031	1.0877999999999977	0.52646999999999899	0.94193000000000005	0.90069999999999995	0.55501	1.0750999999999979	0.46304000000000001	1.0846	0.53281000000000001	0.76750000000000063	0.89752999999999949	0.56452999999999998	1.0624	0.47133000000000008	1.0783	0.67236000000000062	0.69773000000000063	0.95779000000000125	0.53915000000000002	1.0466	0.52329999999999999	0.98315999999999959	0.66601000000000099	0.70090000000000063	0.95462000000000125	0.53915000000000002	1.0528999999999979	0.52012000000000003	0.98950999999999956	0.65967000000000175	0.80239000000000005	0.86899000000000126	0.59306999999999888	1.0370999999999977	0.49475000000000002	0.99902000000000002	0.64381000000000099	0.81190000000000062	0.85629999999999995	0.61210000000000064	1.0211999999999979	0.50109999999999999	1.0528999999999979	0.54232000000000002	0.83092999999999995	0.95462000000000125	0.53281000000000001	1.0846	0.53598000000000001	0.93242000000000003	0.74213000000000062	0.70723999999999998	0.96096000000000004	0.529640000000001	1.0750999999999979	0.48841000000000057	1.0338999999999974	0.599409999999999	0.84996000000000005	0.96096000000000004	0.52329999999999999	1.0846	0.47890000000000038	1.0338999999999974	0.59623999999999899	0.85313000000000005	0.8055599999999995	0.64064000000000176	0.99268000000000001	0.50744	1.0402	0.56452999999999998	0.91022000000000003	0.72943999999999998	0.70406999999999997	0.94510000000000005	0.52329999999999999	1.0846	0.45669000000000004	1.0814999999999977	0.54549999999999998	0.91655999999999949	0.75164000000000175	0.69773000000000063	0.96096000000000004	0.529640000000001	1.0814999999999977	0.71040999999999999	0.73579000000000161	0.92608000000000001	0.53915000000000002	1.0846	0.45669000000000004	1.0783	0.54232000000000002	0.92367999999999995	0.75164000000000175	0.69455999999999996	0.96413000000000004	0.52329999999999999	1.0783	0.48524	1.0275999999999976	0.61526999999999998	0.83726999999999996	0.82142000000000004	0.621610000000001	0.99902000000000002	0.50744	1.030699999999998	0.58672999999999997	0.68820999999999999	1.0592999999999977	0.529640000000001	0.97048000000000001	0.67870000000000175	0.77702000000000127	0.96730000000000005	0.53281000000000001	1.0561	0.52646999999999899	0.97999000000000125	0.669180000000001	0.78652999999999951	0.88802000000000003	0.58354999999999957	1.0433999999999979	0.49664000000000008	1.0528999999999979	0.55501	0.90705000000000002	0.75164000000000175	0.68503999999999998	0.96413000000000004	0.50109999999999999	1.0942000000000001	0.45669000000000004	1.0720000000000001	0.54549999999999998	0.90386999999999951	0.76115999999999995	0.669180000000001	0.97999000000000125	0.51695000000000002	1.0466	0.53598000000000001	0.95462000000000125	0.70090000000000063	0.74846999999999997	0.91973000000000005	0.54866999999999999	1.0720000000000001	0.47255000000000008	1.0688	0.55501	0.91655999999999949	0.76115999999999995	0.68186999999999998	0.97682000000000113	0.47572000000000031	1.0655999999999977	0.55818000000000001	0.90386999999999951	0.76432999999999995	0.68186999999999998	0.97682000000000113	0.49792000000000075	1.0877999999999977	0.46621000000000001	1.0338999999999974	0.59306999999999888	0.85629999999999995	0.79286999999999996	0.66601000000000099	1.0942000000000001	0.56452999999999998	0.79603999999999997	0.97682000000000113	0.4598700000000005	0.89752999999999949	0.97682000000000113	0.51061000000000001	0.90705000000000002	0.98950999999999956	0.52646999999999899	1.0402	0.54232000000000002	0.94510000000000005	0.71675999999999995	0.73261000000000065	0.93242000000000003	0.53915000000000002	1.0783	0.46938000000000063	1.0655999999999977	0.56135000000000002	0.90705000000000002	0.76750000000000063	0.67870000000000175	0.98950999999999956	0.49792000000000075	1.0846	0.4820700000000005	1.018	0.61526999999999998	0.83092999999999995	0.82459000000000005	0.62796000000000063	1.0053999999999976	0.52012000000000003	1.0116999999999974	0.58989999999999998	0.89435999999999949	0.74530000000000063	0.69773000000000063	0.96413000000000004	0.51061000000000001	1.091	0.4598700000000005	1.0655999999999977	0.56770000000000065	0.89119000000000004	0.78019000000000005	0.66601000000000099	0.98950999999999956	0.51378000000000001	1.0528999999999979	0.56452999999999998	0.89435999999999949	0.78019000000000005	0.669180000000001	0.98632999999999948	0.50744	1.0783	0.49792000000000075	1.0085	0.64064000000000176	0.81190000000000062	0.99902000000000002	0.46938000000000063	1.0592999999999977	0.56770000000000065	0.89435999999999949	0.78652999999999951	0.66284000000000176	0.99902000000000002	0.49475000000000002	1.0877999999999977	0.48014000000000001	1.0211999999999979	0.61526999999999998	0.82459000000000005	0.83409999999999995	0.48841000000000057	1.0497999999999976	0.58037999999999956	0.88714000000000004	0.78132999999999997	0.65333000000000063	0.99268000000000001	0.49475000000000002	1.0402	0.58037999999999956	0.87849999999999995	0.78019000000000005	0.65333000000000063	0.99268000000000001	0.47890000000000038	1.0942000000000001	0.44401000000000002	1.0655999999999977	0.7833599999999995	0.65333000000000063	0.98950999999999956	0.47890000000000038	1.1227	0.43449000000000032	1.0592999999999977	0.7833599999999995	0.59623999999999899	1.0877999999999977	0.52012000000000003	1.0022	0.64381000000000099	0.80447000000000002	0.85629999999999995	0.599409999999999	1.0148999999999977	0.51695000000000002	1.0148999999999977	0.599409999999999	0.86265000000000125	0.78970000000000062	0.65650000000000064	0.98632999999999948	0.47255000000000008	1.1036999999999977	0.4598700000000005	1.0528999999999979	0.58672999999999997	0.86582000000000126	0.8055599999999995	0.646980000000001	0.99902000000000002	0.50744	1.0655999999999977	0.529640000000001	0.96413000000000004	0.68820999999999999	0.76750000000000063	0.89752999999999949	0.57403999999999999	1.0750999999999979	0.58672999999999997	0.6913899999999995	0.97048000000000001	0.51695000000000002	1.091	0.46621000000000001	1.0528999999999979	0.58672999999999997	0.69593000000000005	0.96096000000000004	0.52012000000000003	1.0846	0.47572000000000031	1.0497999999999976	0.58672999999999997	0.86899000000000126	0.94828000000000001	0.51061000000000001	1.0497999999999976	0.551840000000001	0.93242000000000003	0.72943999999999998	0.72310000000000063	0.94193000000000005	0.53598000000000001	1.0720000000000001	0.48841000000000057	1.0370999999999977	0.59623999999999899	0.86265000000000125	0.8055599999999995	0.63113000000000063	1.0561	0.53598000000000001	0.85946999999999996	0.98632999999999948	0.529640000000001	1.0244	0.8055599999999995	0.56770000000000065	1.0655999999999977	0.53281000000000001	0.96413000000000004	0.69455999999999996	0.76432999999999995	0.95145000000000002	0.56770000000000065	1.0402	0.49792000000000075	1.0211999999999979	0.67236000000000062	0.77067000000000163	0.88485000000000003	0.57403999999999999	1.030699999999998	0.50109999999999999	1.0085	0.59306999999999888	0.84996000000000005	0.81823999999999997	0.62478000000000111	1.0211999999999979	0.46938000000000063	1.018	0.60893000000000064	0.83726999999999996	0.8055599999999995	0.64231000000000005	1.0022	0.47890000000000038	1.1005	0.46621000000000001	1.0433999999999979	0.61210000000000064	0.84045000000000003	0.82459000000000005	0.63430000000000064	1.0116999999999974	0.47255000000000008	1.0433999999999979	0.60102999999999995	0.85629999999999995	0.98632999999999948	0.49792000000000075	1.0942000000000001	0.47255000000000008	0.88802000000000003	0.77384000000000175	0.67553000000000063	0.98315999999999959	0.50427	1.0942000000000001	0.58037999999999956	0.88166999999999951	0.77067000000000163	0.68186999999999998	0.97682000000000113	0.50744	1.091	0.47890000000000038	1.0370999999999977	0.76432999999999995	0.68820999999999999	0.97365000000000113	0.51695000000000002	1.0814999999999977	0.47890000000000038	1.0402	0.60893000000000064	0.70090000000000063	0.96096000000000004	0.52329999999999999	1.0783	0.49158000000000063	1.0275999999999976	0.61526999999999998	0.84045000000000003	0.83092999999999995	0.53598000000000001	1.0624	0.49792000000000075	1.018	0.72943999999999998	0.72626999999999997	0.93559000000000003	0.551840000000001	1.0528999999999979	0.50109999999999999	1.0148999999999977	0.61526999999999998	0.83409999999999995	0.82459000000000005	0.60893000000000064	1.0244	0.45035000000000008	1.1227	0.45035000000000008	1.0370999999999977	0.621610000000001	0.81190000000000062	0.85313000000000005	0.60258	1.018	0.51061000000000001	1.0370999999999977	0.57403999999999999	0.89119000000000004	0.76750000000000063	0.68186999999999998	0.97365000000000113	0.51695000000000002	1.0846	0.48524	1.0244	0.62796000000000063	0.82776000000000005	0.84045000000000003	0.60258	1.0338999999999974	0.46621000000000001	1.0972999999999979	0.49475000000000002	0.98950999999999956	0.66284000000000176	0.74530000000000063	0.85629999999999995	0.60893000000000064	1.0942000000000001	0.621610000000001	0.72943999999999998	0.93242000000000003	0.54549999999999998	1.0497999999999976	0.50427	1.0085	0.61843999999999999	0.82459000000000005	0.83409999999999995	0.60893000000000064	1.0497999999999976	0.43449000000000032	1.1291	0.4598700000000005	1.0211999999999979	0.63746999999999998	0.8055599999999995	0.86582000000000126	0.59623999999999899	1.1194999999999979	0.47255000000000008	1.0116999999999974	0.64381000000000099	0.80239000000000005	0.86582000000000126	0.599409999999999	1.0275999999999976	0.50427	1.0433999999999979	0.57086999999999999	0.90705000000000002	0.76115999999999995	0.6913899999999995	1.0275999999999976	0.50109999999999999	1.0528999999999979	0.56135000000000002	0.91339000000000004	0.75164000000000175	0.70406999999999997	0.95145000000000002	0.53915000000000002	1.0561	0.50612999999999997	0.99902000000000002	0.63113000000000063	0.81190000000000062	0.84045000000000003	0.54866999999999999	1.0688	0.63430000000000064	0.646980000000001	1.0211999999999979	0.46621000000000001	1.018	0.642150000000001	0.79286999999999996	0.87533000000000005	0.58989999999999998	1.030699999999998	0.50744	1.030699999999998	0.58989999999999998	0.87849999999999995	0.78970000000000062	0.66284000000000176	0.99268000000000001	0.50427	1.0846	0.49792000000000075	1.0053999999999976	0.64381000000000099	0.80239000000000005	0.86899000000000126	0.58672999999999997	1.0433999999999979	0.46304000000000001	1.0846	0.49792000000000075	0.98950999999999956	0.646980000000001	0.78652999999999951	0.86582000000000126	0.58672999999999997	1.018	0.51378000000000001	1.0116999999999974	0.60893000000000064	0.84996000000000005	0.81823999999999997	0.63113000000000063	1.0148999999999977	0.48524	1.0972999999999979	0.48841000000000057	1.0116999999999974	0.646980000000001	0.8055599999999995	1.0116999999999974	0.50427	1.0211999999999979	0.599409999999999	0.86582000000000126	0.88485000000000003	0.44718000000000002	0.99585000000000001	0.65333000000000063	0.78652999999999951	0.87216000000000005	0.58037999999999956	1.0433999999999979	0.4598700000000005	1.1036999999999977	0.48841000000000057	0.99902000000000002	0.65650000000000064	0.79286999999999996	0.88485000000000003	0.58354999999999957	1.0370999999999977	0.49475000000000002	1.0022	0.83726999999999996	0.60575000000000112	1.030699999999998	0.47572000000000031	0.99902000000000002	0.65967000000000175	0.56770000000000065	1.0528999999999979	0.56135000000000002	0.90469999999999995	0.75164000000000175	0.69455999999999996	0.94828000000000001	0.48524	1.0624	0.54866999999999999	0.92290000000000005	0.88166999999999951	0.4820700000000005	1.0116999999999974	0.66601000000000099	0.76750000000000063	0.89435999999999949	0.57403999999999999	1.0338999999999974	0.50744	1.0244	0.646980000000001	0.76750000000000063	1.0561	0.53281000000000001	0.95779000000000125	0.669180000000001	0.7833599999999995	0.87216000000000005	0.58672999999999997	1.0528999999999979	0.4598700000000005	1.1005	0.49475000000000002	0.99268000000000001	0.66284000000000176	0.77702000000000127	0.89435999999999949	0.57721	1.0438999999999974	0.49792000000000075	1.0433999999999979	0.66284000000000176	0.599409999999999	1.0370999999999977	0.4820700000000005	0.77702000000000127	0.96096000000000004	0.48841000000000057	0.99268000000000001	0.67236000000000062	0.77702000000000127	0.89435999999999949	0.57086999999999999	1.0561	0.47890000000000038	1.0655999999999977	0.54866999999999999	0.91655999999999949	0.74530000000000063	0.70090000000000063	0.94193000000000005	0.53915000000000002	1.0402	0.51378000000000001	0.97365000000000113	0.67553000000000063	0.76750000000000063	0.89119000000000004	0.56452999999999998	1.0592999999999977	0.4598700000000005	1.0972999999999979	0.50427	0.98315999999999959	0.68186999999999998	0.75799000000000138	0.90069999999999995	0.45669000000000004	0.98632999999999948	0.646980000000001	0.74846999999999997	1.0720000000000001	0.52012000000000003	0.87849999999999995	0.78970000000000062	0.669180000000001	0.97999000000000125	0.52012000000000003	1.0528999999999979	0.51695000000000002	0.97365000000000113	0.669180000000001	0.77067000000000163	0.96096000000000004	0.48524	0.97999000000000125	0.84362000000000126	0.599409999999999	1.0370999999999977	0.47890000000000038	1.0877999999999977	0.63113000000000063	0.82776000000000005	0.91339000000000004	0.44084000000000001	0.97048000000000001	0.74021000000000003	0.6913899999999995	0.94828000000000001	0.53598000000000001	1.0433999999999979	0.53915000000000002	0.75481000000000065	1.018	0.50744	0.97048000000000001	0.69773000000000063	0.74846999999999997	0.91339000000000004	0.56452999999999998	1.0497999999999976	0.50427	0.78019000000000005	0.90705000000000002	0.52646999999999899	0.86582000000000126	0.91022000000000003	0.46304000000000001	0.97999000000000125	0.69455999999999996	0.54866999999999999	1.0528999999999979	0.58989999999999998	0.75481000000000065	1.0592999999999977	0.46304000000000001	1.0942000000000001	0.51061000000000001	0.97365000000000113	0.69455999999999996	0.75164000000000175	0.91655999999999949	0.55501	1.0655999999999977	0.47572000000000031	1.0211999999999979	0.56452999999999998	0.89752999999999949	0.91973000000000005	0.47890000000000038	1.0022	0.70723999999999998	0.73261000000000065	0.92608000000000001	0.55501	1.1005	0.70406999999999997	0.67553000000000063	0.95462000000000125	0.529640000000001	1.0211999999999979	0.551840000000001	0.94828000000000001	0.68503999999999998	0.76115999999999995	0.90386999999999951	0.56135000000000002	1.0624	0.45669000000000004	1.091	0.51378000000000001	0.96096000000000004	0.70406999999999997	0.74213000000000062	0.92290000000000005	0.551840000000001	1.0624	0.49475000000000002	1.0370999999999977	0.59623999999999899	0.87533000000000005	0.79286999999999996	0.65650000000000064	0.98950999999999956	0.51061000000000001	1.0433999999999979	0.57403999999999999	0.88166999999999951	0.78019000000000005	0.63113000000000063	1.0783	0.52329999999999999	0.8055599999999995	0.93242000000000003	0.44084000000000001	1.0942000000000001	0.71040999999999999	0.73261000000000065	0.92608000000000001	0.53915000000000002	1.030699999999998	0.60258	0.72943999999999998	1.0281	0.48841000000000057	1.0720000000000001	0.53598000000000001	0.94828000000000001	0.71040999999999999	0.72943999999999998	0.93242000000000003	0.529640000000001	1.0720000000000001	0.45669000000000004	1.0688	0.54549999999999998	0.93876000000000004	0.70406999999999997	0.71675999999999995	1.091	0.45035000000000008	1.0942000000000001	0.50109999999999999	0.72626999999999997	0.98632999999999948	0.52012000000000003	1.0466	0.53281000000000001	0.94510000000000005	0.70090000000000063	0.73579000000000161	0.94193000000000005	0.50744	1.1069	0.44401000000000002	1.0877999999999977	0.51695000000000002	0.94193000000000005	0.73261000000000065	0.71675999999999995	0.94193000000000005	0.54232000000000002	1.0528999999999979	0.51378000000000001	0.99268000000000001	0.646980000000001	0.81190000000000062	0.85629999999999995	0.60258	1.0338999999999974	0.48841000000000057	1.0655999999999977	0.54232000000000002	0.94193000000000005	0.71993000000000062	0.7135899999999995	0.94193000000000005	0.51695000000000002	1.0877999999999977	0.45669000000000004	1.0655999999999977	0.529640000000001	0.93242000000000003	0.72943999999999998	0.70406999999999997	0.95462000000000125	0.53598000000000001	1.0466	0.52329999999999999	0.72626999999999997	0.93242000000000003	0.50744	1.1100000000000001	0.41547000000000056	1.1036999999999977	0.529640000000001	0.92290000000000005	0.74530000000000063	0.69455999999999996	0.95462000000000125	0.53598000000000001	1.0497999999999976	0.51878000000000002	0.98632999999999948	0.65967000000000175	0.79603999999999997	0.87216000000000005	0.59306999999999888	1.0433999999999979	0.48841000000000057	0.99585000000000001	0.73579000000000161	0.52646999999999899	1.0814999999999977	0.44718000000000002	1.0846	0.53598000000000001	0.92608000000000001	0.74213000000000062	0.70723999999999998	0.95462000000000125	0.53281000000000001	1.0655999999999977	0.50427	1.0116999999999974	0.62478000000000111	0.83092999999999995	0.83092999999999995	0.62796000000000063	1.0720000000000001	0.53915000000000002	0.76432999999999995	0.96096000000000004	0.41864000000000001	0.92608000000000001	0.81506999999999996	0.63430000000000064	0.99268000000000001	0.47890000000000038	0.93242000000000003	0.89752999999999949	0.53281000000000001	1.0402	0.529640000000001	0.97365000000000113	0.67553000000000063	0.78019000000000005	0.89435999999999949	0.57721	1.0528999999999979	0.47572000000000031	1.0688	0.54866999999999999	0.92052	0.74530000000000063	0.69773000000000063	0.96413000000000004	0.51061000000000001	1.0877999999999977	0.45669000000000004	1.0497999999999976	0.56452999999999998	0.87849999999999995	0.76750000000000063	0.68820999999999999	0.94193000000000005	0.54232000000000002	1.0402	0.54232000000000002	0.95145000000000002	0.70090000000000063	0.74530000000000063	0.92290000000000005	0.54549999999999998	1.0720000000000001	0.46621000000000001	1.0783	0.54549999999999998	0.91973000000000005	0.75164000000000175	0.69773000000000063	0.97048000000000001	0.51244999999999996	1.0750999999999979	0.6913899999999995	0.76432999999999995	0.90386999999999951	0.56452999999999998	1.0624	0.47572000000000031	1.0720000000000001	0.551840000000001	0.91973000000000005	0.75481000000000065	0.68503999999999998	0.97365000000000113	0.50427	1.091	0.45035000000000008	1.0528999999999979	0.58354999999999957	0.85946999999999996	0.80239000000000005	0.66601000000000099	0.96096000000000004	0.53915000000000002	1.0275999999999976	0.54549999999999998	0.93242000000000003	0.71675999999999995	0.72943999999999998	0.93876000000000004	0.53598000000000001	1.018	0.52646999999999899	0.67553000000000063	1.0085	0.51061000000000001	1.0338999999999974	0.56770000000000065	0.90069999999999995	0.75481000000000065	0.67870000000000175	0.98315999999999959	0.46938000000000063	1.1132	0.43767000000000056	1.0750999999999979	0.55818000000000001	0.88802000000000003	0.77702000000000127	0.669180000000001	0.97999000000000125	0.52329999999999999	1.0528999999999979	0.53281000000000001	0.95779000000000125	0.69455999999999996	0.76432999999999995	0.90386999999999951	0.56770000000000065	1.0592999999999977	0.48524	1.0528999999999979	0.56770000000000065	0.90386999999999951	0.76432999999999995	0.67553000000000063	0.97999000000000125	0.49158000000000063	1.091	0.4598700000000005	1.0433999999999979	0.58037999999999956	0.88802000000000003	0.77384000000000175	0.66601000000000099	0.97682000000000113	0.43132000000000087	0.89752999999999949	0.85629999999999995	0.60258	1.0211999999999979	0.49792000000000075	1.0402	0.57403999999999999	0.90069999999999995	0.75164000000000175	0.67870000000000175	0.99902000000000002	0.47255000000000008	1.1164000000000001	0.44084000000000001	1.0624	0.57086999999999999	0.88166999999999951	0.78652999999999951	0.4820700000000005	1.1036999999999977	0.45352000000000031	1.0655999999999977	0.57086999999999999	0.88485000000000003	0.78652999999999951	0.65967000000000175	0.98632999999999948	0.52012000000000003	1.0561	0.52827000000000002	0.96730000000000005	0.68186999999999998	0.77067000000000163	0.89752999999999949	0.57403999999999999	1.0466	0.49475000000000002	1.0466	0.57086999999999999	0.88888999999999996	0.76750000000000063	0.66601000000000099	0.98632999999999948	0.48841000000000057	1.1005	0.44718000000000002	1.0750999999999979	0.56135000000000002	0.88485000000000003	0.78652999999999951	0.66284000000000176	0.99268000000000001	0.529640000000001	1.0466	0.551840000000001	0.94193000000000005	0.71675999999999995	0.72626999999999997	0.93242000000000003	0.53915000000000002	1.0750999999999979	0.53915000000000002	0.87216000000000005	0.79922000000000004	0.65650000000000064	0.98632999999999948	0.51695000000000002	1.0528999999999979	0.53598000000000001	0.87849999999999995	0.97682000000000113	0.46621000000000001	0.88485000000000003	0.91339000000000004	0.52329999999999999	1.0561	0.53281000000000001	0.96730000000000005	0.72626999999999997	0.76115999999999995	0.90705000000000002	0.56770000000000065	1.0497999999999976	0.49475000000000002	0.97365000000000113	0.67870000000000175	0.77702000000000127	0.89119000000000004	0.58037999999999956	1.0592999999999977	0.49792000000000075	1.0370999999999977	0.58037999999999956	0.87849999999999995	0.77384000000000175	0.65967000000000175	0.98315999999999959	0.46938000000000063	1.0338999999999974	0.57403999999999999	0.88166999999999951	0.77384000000000175	0.65967000000000175	1.0116999999999974	0.46621000000000001	1.1194999999999979	0.4598700000000005	0.87849999999999995	0.84679000000000126	0.49158000000000063	1.091	0.50427	1.0148999999999977	0.62796000000000063	0.81823999999999997	0.84045000000000003	0.61210000000000064	1.0085	0.52329999999999999	1.0085	0.599409999999999	0.87849999999999995	0.76750000000000063	0.67553000000000063	0.97682000000000113	0.50427	1.0972999999999979	0.46304000000000001	0.91022000000000003	0.79715000000000003	0.64381000000000099	0.98315999999999959	0.53598000000000001	1.0148999999999977	0.57403999999999999	0.90705000000000002	0.74846999999999997	0.69455999999999996	0.96413000000000004	Time (s)
Voltage (V)
7.5 Hz Square Wave
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Voltage (V)
0.5 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000017	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000017	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000017	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000017	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000017	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000017	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000017	13.4	13.450000000000006	13.5	13.55	13.6	13.65	13.7	13.75	13.8	13.850000000000017	13.9	13.950000000000006	14	14.05	14.1	14.15	14.2	14.25	14.3	14.350000000000017	14.4	14.450000000000006	14.5	14.55	14.6	14.65	14.7	14.75	14.8	14.850000000000017	14.9	14.950000000000006	15	15.05	15.1	15.15	15.2	15.25	15.3	15.350000000000017	15.4	15.450000000000006	15.5	15.55	15.6	15.65	15.7	15.75	15.8	15.850000000000017	15.9	15.950000000000006	16	16.05	16.100000000000001	16.149999999999999	16.2	16.25	16.3	16.350000000000001	16.399999999999999	16.45	16.5	16.55	16.600000000000001	16.649999999999999	16.7	16.75	16.8	16.850000000000001	16.899999999999999	16.95	17	17.05	17.100000000000001	17.149999999999999	17.2	17.25	17.3	17.350000000000001	17.399999999999999	17.45	17.5	17.55	17.600000000000001	17.649999999999999	17.7	17.75	17.8	17.850000000000001	17.899999999999999	17.95	18	18.05	18.100000000000001	18.149999999999999	18.2	18.25	18.3	18.350000000000001	18.399999999999999	18.45	18.5	18.55	18.600000000000001	18.649999999999999	18.7	18.75	18.8	18.850000000000001	18.899999999999999	18.95	19	19.05	19.100000000000001	19.149999999999999	19.2	19.25	19.3	19.350000000000001	19.399999999999999	19.45	19.5	19.55	19.600000000000001	19.649999999999999	19.7	19.75	19.8	19.850000000000001	19.899999999999999	19.95	20	20.05	20.100000000000001	20.149999999999999	20.2	20.25	20.3	20.350000000000001	20.399999999999999	20.45	20.5	20.55	20.6	20.650000000000031	20.7	20.75	20.8	20.85	20.9	20.95	21	21.05	21.1	21.150000000000031	21.2	21.25	21.3	21.35	21.4	21.45	21.5	21.55	21.6	21.650000000000031	21.7	21.75	21.8	21.85	21.9	21.95	22	22.05	22.1	22.150000000000031	22.2	22.25	22.3	22.35	22.4	22.45	22.5	22.55	22.6	22.650000000000031	22.7	22.75	22.8	22.85	22.9	22.95	23	23.05	23.1	23.150000000000031	23.2	23.25	23.3	23.35	23.4	23.45	23.5	23.55	23.6	23.650000000000031	23.7	23.75	23.8	23.85	23.9	23.95	24	24.05	24.1	24.150000000000031	24.2	24.25	24.3	24.35	24.4	24.45	24.5	24.55	24.6	24.650000000000031	24.7	24.75	24.8	24.85	24.9	24.95	25	25.05	25.1	25.150000000000031	25.2	25.25	25.3	25.35	25.4	25.45	25.5	25.55	25.6	25.650000000000031	25.7	25.75	25.8	25.85	25.9	25.95	26	26.05	26.1	26.150000000000031	26.2	26.25	26.3	26.35	26.4	26.45	26.5	26.55	26.6	26.650000000000031	26.7	26.75	26.8	26.85	26.9	26.95	27	27.05	27.1	27.150000000000031	27.2	27.25	27.3	27.35	27.4	27.45	27.5	27.55	27.6	27.650000000000031	27.7	27.75	27.8	27.85	27.9	27.95	28	28.05	28.1	28.150000000000031	28.2	28.25	28.3	28.35	28.4	28.45	28.5	28.55	1.3003	1.2875999999999974	1.2748999999999975	1.2590999999999977	1.2464	1.2368999999999977	1.2242	1.2178999999999962	1.2082999999999977	1.2051999999999972	1.202	1.1988000000000001	1.1988000000000001	1.202	1.2082999999999977	1.2146999999999974	1.2209999999999974	1.2336999999999971	1.2431999999999974	1.2558999999999971	1.2685999999999977	1.294	1.3067	1.3192999999999975	1.3320000000000001	1.3447	1.3542000000000001	1.3636999999999975	1.3701000000000001	1.3733	1.3764000000000001	1.3733	1.3701000000000001	1.3636999999999975	1.3573999999999977	1.3444	1.3351999999999977	1.3225	1.3097999999999974	1.2970999999999975	1.2812999999999977	1.2685999999999977	1.2526999999999975	1.2401	1.2273999999999972	1.2178999999999962	1.2082999999999977	1.1988000000000001	1.1893	1.1860999999999999	1.1830000000000001	1.1830000000000001	1.1798999999999977	1.1860999999999999	1.1893	1.1957	1.2051999999999972	1.2146999999999974	1.2273999999999972	1.2368999999999977	1.2495999999999972	1.2623	1.2747999999999977	1.2907999999999977	1.3034999999999974	1.3162	1.3256999999999974	1.3384	1.3447	1.3542000000000001	1.3573999999999977	1.3606	1.3573999999999977	1.3542000000000001	1.3478999999999974	1.3414999999999975	1.3289	1.3192999999999975	1.3032999999999975	1.294	1.2781	1.2653999999999974	1.2526999999999975	1.2368999999999977	1.2242	1.2114999999999971	1.202	1.1893	1.1830000000000001	1.1766000000000001	1.1702999999999999	1.1671	1.1640999999999999	1.1671	1.1702999999999999	1.1766000000000001	1.1830000000000001	1.1924999999999999	1.202	1.2114999999999971	1.2242	1.2368999999999977	1.2495999999999972	1.2623	1.2715999999999974	1.2907999999999977	1.3003	1.3129999999999977	1.3225	1.3320000000000001	1.3414999999999975	1.3447	1.3447	1.3414999999999975	1.3351999999999977	1.3256999999999974	1.3162	1.3034999999999974	1.2907999999999977	1.2812999999999977	1.2622	1.2526999999999975	1.2368999999999977	1.2242	1.2114999999999971	1.1988000000000001	1.1860999999999999	1.1766000000000001	1.1671	1.1608000000000001	1.1576	1.1544000000000001	1.1514	1.1544000000000001	1.1576	1.1638999999999977	1.1702999999999999	1.1798	1.1893	1.202	1.2114999999999971	1.2242	1.2368999999999977	1.2526999999999975	1.2653999999999974	1.2781	1.2907999999999977	1.3001	1.3129999999999977	1.3192999999999975	1.3256999999999974	1.3320000000000001	1.3320000000000001	1.3320000000000001	1.3289	1.3225	1.3129999999999977	1.3034999999999974	1.2906	1.2812999999999977	1.2685999999999977	1.2494999999999972	1.2401	1.2242	1.2114999999999971	1.1988000000000001	1.1860999999999999	1.1766000000000001	1.1638999999999977	1.1576	1.1513	1.1418999999999975	1.1416999999999977	1.1416999999999977	1.1418999999999975	1.1480999999999999	1.1513	1.1608000000000001	1.1671	1.1798	1.1893	1.202	1.2146999999999974	1.2273999999999972	1.2401	1.2558999999999971	1.2652999999999974	1.2812999999999977	1.2907999999999977	1.3003	1.3097999999999974	1.3162	1.3192999999999975	1.3225	1.3225	1.3192999999999975	1.3129999999999977	1.3034999999999974	1.294	1.2812999999999977	1.2685999999999977	1.2558999999999971	1.2431999999999974	1.2273999999999972	1.2114999999999971	1.202	1.1893	1.1766000000000001	1.1638999999999977	1.1544000000000001	1.1480999999999999	1.1416999999999977	1.1354	1.1322000000000001	1.1322000000000001	1.1354	1.1386000000000001	1.1449	1.1513	1.1608000000000001	1.1702999999999999	1.1798	1.1924999999999999	1.2051999999999972	1.2178999999999962	1.2336999999999971	1.2464	1.2590999999999977	1.2717999999999972	1.2845	1.2907999999999977	1.2969999999999977	1.3067	1.3129999999999977	1.3129999999999977	1.3129999999999977	1.3064	1.3034999999999974	1.294	1.2845	1.2717999999999972	1.2590999999999977	1.2464	1.2336999999999971	1.2178999999999962	1.2051999999999972	1.1924999999999999	1.1798	1.1671	1.1576	1.1480999999999999	1.1386000000000001	1.1322000000000001	1.1258999999999975	1.1258999999999975	1.1227	1.1258999999999975	1.1291	1.1354	1.1416999999999977	1.1513	1.1608000000000001	1.1735	1.1860999999999999	1.1988000000000001	1.2114999999999971	1.2242	1.2401	1.2526999999999975	1.2653999999999974	1.2748999999999975	1.2845	1.294	1.3003	1.3034999999999974	1.3067	1.3034999999999974	1.3003	1.294	1.2875999999999974	1.2748999999999975	1.2653999999999974	1.2526999999999975	1.2401	1.2242	1.2114999999999971	1.1957	1.1830000000000001	1.1702999999999999	1.1576	1.1480999999999999	1.1386000000000001	1.1291	1.1227	1.1194999999999977	1.1164000000000001	1.1164000000000001	1.1194999999999977	1.1227	1.1291	1.1325000000000001	1.1449	1.1544000000000001	1.1671	1.1798	1.1924999999999999	1.2051999999999972	1.2178999999999962	1.2304999999999977	1.2464	1.2558999999999971	1.2781	1.2845	1.294	1.2970999999999975	1.2970999999999975	1.2970999999999975	1.294	1.2875999999999974	1.2781	1.2685999999999977	1.2558999999999971	1.2431999999999974	1.2304999999999977	1.2178999999999962	1.202	1.1893	1.1736	1.1609	1.1513	1.1388	1.1322000000000001	1.1227	1.1164000000000001	1.1132	1.1100000000000001	1.1100000000000001	1.1100000000000001	1.1164000000000001	1.1227	1.1291	1.1355999999999977	1.1480999999999999	1.1608000000000001	1.1702999999999999	1.1860999999999999	1.1988000000000001	1.2114999999999971	1.2242	1.2401	1.2526999999999975	1.2623	1.2717999999999972	1.2812999999999977	1.2845	1.2907999999999977	1.2907999999999977	1.2875999999999974	1.2781	1.2717999999999972	1.2623	1.2495999999999972	1.2368999999999977	1.2242	1.2114999999999971	1.1957	1.1830000000000001	1.1702999999999999	1.1576	1.1449	1.1322000000000001	1.1258999999999975	1.1164000000000001	1.1100000000000001	1.1069	1.1036999999999975	1.1036999999999975	1.1069	1.1100000000000001	1.1164000000000001	1.1197999999999975	1.1322000000000001	1.1416999999999977	1.1544000000000001	1.1640999999999999	1.1798	1.1924999999999999	1.2051999999999972	1.2209999999999974	1.2336999999999971	1.2431999999999974	1.2558999999999971	1.2653999999999974	1.2748999999999975	1.2812999999999977	1.2845	1.2810999999999975	1.2845	1.2812999999999977	1.2748999999999975	1.2653999999999974	1.2558999999999971	1.2431999999999974	1.2304999999999977	1.2178999999999962	1.2051999999999972	1.1893	1.1766000000000001	1.1609	1.1483000000000001	1.1355999999999977	1.1291	1.1164000000000001	1.1100000000000001	1.1036999999999975	1.1005	1.0972999999999977	1.0972999999999977	1.1005	1.1036999999999975	1.1100000000000001	1.1194999999999977	1.1258999999999975	1.1355999999999977	1.1451	1.1608000000000001	1.1735	1.1860999999999999	1.202	1.2146999999999974	1.2273999999999972	1.2401	1.2526999999999975	1.2623	1.2685999999999977	1.2748999999999975	1.2747999999999977	1.278	1.2781	1.2748999999999975	1.2685999999999977	1.2590999999999977	1.2495999999999972	1.2368999999999977	1.2242	1.2114999999999971	1.1988000000000001	1.1830000000000001	1.1702999999999999	1.1576	1.1449	1.1322000000000001	1.1197999999999975	1.1132	1.1036999999999975	1.1005	1.0942000000000001	1.0942000000000001	1.091	1.0942000000000001	1.0972999999999977	1.1036999999999975	1.1132	1.1227	1.1322000000000001	1.1449	1.1546000000000001	1.1702999999999999	1.1830000000000001	1.1957	1.2114999999999971	1.2242	1.2368999999999977	1.2464	1.2558999999999971	1.2653999999999974	1.2685999999999977	1.2748999999999975	1.2748999999999975	1.2717999999999972	1.2685999999999977	1.2623	1.2526999999999975	1.2431999999999974	1.2304999999999977	1.2209999999999974	1.2051999999999972	1.1924999999999999	1.1798	1.1638999999999977	1.1513	1.1386000000000001	1.1258999999999975	1.1164000000000001	1.1069	1.1005	1.0942000000000001	1.091	1.0877999999999974	1.0877999999999974	1.091	1.0942000000000001	1.1005	1.1100000000000001	1.1164000000000001	1.1291	1.1416999999999977	1.1513	1.1638999999999977	1.1798	1.1924999999999999	1.2051999999999972	1.2209999999999974	1.2304999999999977	1.2431999999999974	1.2526999999999975	1.2590999999999977	1.2653999999999974	1.2685999999999977	1.2717999999999972	1.2685999999999977	1.2653999999999974	1.2557999999999971	1.2495999999999972	1.2401	1.2273999999999972	1.2146999999999974	1.202	1.1860999999999999	1.1735	1.1608000000000001	1.1449	1.1354	1.1197999999999975	1.1103000000000001	1.1036999999999975	1.0942000000000001	1.091	1.0846	1.0846	1.0846	1.0846	1.091	1.0972999999999977	1.1036999999999975	1.1132	1.1227	1.1354	1.1480999999999999	1.1608000000000001	1.1766000000000001	1.1893	1.202	1.2146999999999974	1.2273999999999972	1.2401	1.2495999999999972	1.2526999999999975	1.2623	1.2653999999999974	1.2653999999999974	1.2653999999999974	1.2590999999999977	1.2526999999999975	1.24	1.2336999999999971	1.2209999999999974	1.2114999999999971	1.1957	1.1830000000000001	1.1671	Time (s)
Voltage (V)
0.5 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000017	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000017	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000017	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000017	11.9	11.950000000000006	12	12.05	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	1.1480999999999999	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.9616400000000016	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96413000000000004	0.96730000000000005	1.1483000000000001	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1513	1.1483000000000001	1.1513	1.1513	0.96730000000000005	0.96730000000000005	0.96730000000000005	0.96730000000000005	0.97048000000000001	0.96730000000000005	0.96730000000000005	0.96730000000000005	0.96730000000000005	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97048000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1544000000000001	1.1576	1.1576	0.97048000000000001	0.97048000000000001	0.97048000000000001	0.97365000000000124	0.97048000000000001	0.97365000000000124	0.97048000000000001	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	1.1576	0.97365000000000124	0.97365000000000124	0.97682000000000124	0.97365000000000124	0.97682000000000124	0.97365000000000124	0.97365000000000124	0.97365000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	1.1608000000000001	1.1577999999999977	1.1577999999999977	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1577999999999977	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	1.1608000000000001	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97682000000000124	0.97999000000000136	0.97430000000000005	0.97999000000000136	0.97430000000000005	0.97999000000000136	0.97430000000000005	0.97999000000000136	0.97682000000000124	0.97999000000000136	0.97682000000000124	0.97999000000000136	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1638999999999977	1.1609	1.1638999999999977	1.1638999999999977	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97746	0.97999000000000136	0.97999000000000136	0.97999000000000136	0.97999000000000136	1.1638999999999977	1.1638999999999977	1.1638999999999977	Time (s)
Voltage (V)
1.0 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	0.73579000000000172	0.75481000000000065	0.77702000000000149	0.80239000000000005	0.83092999999999995	0.85409000000000124	0.88166999999999951	0.89752999999999949	0.90705000000000002	0.90386999999999951	0.89119000000000004	0.87216000000000005	0.84679000000000149	0.82142000000000004	0.79286999999999996	0.76750000000000063	0.73261000000000065	0.72310000000000063	0.72626999999999997	0.73072000000000148	0.74846999999999997	0.77067000000000174	0.79603999999999997	0.82142000000000004	0.84996000000000005	0.87216000000000005	0.89435999999999949	0.90705000000000002	0.91022000000000003	0.90069999999999995	0.88485000000000003	0.86265000000000136	0.83726999999999996	0.80872999999999995	0.7833599999999995	0.76115999999999995	0.74530000000000063	0.73261000000000065	0.72626999999999997	0.73261000000000065	0.74530000000000063	0.76432999999999995	0.78652999999999951	0.81190000000000062	0.84045000000000003	0.86358000000000001	0.88802000000000003	0.90386999999999951	0.91339000000000004	0.91022000000000003	0.89752999999999949	0.87849999999999995	0.85313000000000005	0.82776000000000005	0.79922000000000004	0.77384000000000186	0.75481000000000065	0.73579000000000172	0.73072000000000148	0.73261000000000065	0.74213000000000062	0.75799000000000161	0.78019000000000005	0.80347999999999997	0.83092999999999995	0.88485000000000003	0.90386999999999951	0.91655999999999949	0.91655999999999949	0.91022000000000003	0.89119000000000004	0.86899000000000148	0.81823999999999997	0.78766000000000003	0.76750000000000063	0.75164000000000186	0.73895999999999995	0.73579000000000172	0.74213000000000062	0.75164000000000186	0.77067000000000174	0.79603999999999997	0.82142000000000004	0.84679000000000149	0.87533000000000005	0.89752999999999949	0.91339000000000004	0.91973000000000005	0.91655999999999949	0.90386999999999951	0.88802000000000003	0.86265000000000136	0.83409999999999995	0.80872999999999995	0.7833599999999995	0.76115999999999995	0.74530000000000063	0.73895999999999995	0.73705000000000065	0.74846999999999997	0.76432999999999995	0.78652999999999951	0.81190000000000062	0.84045000000000003	0.86582000000000148	0.89119000000000004	0.91339000000000004	0.92290000000000005	0.92608000000000001	0.91655999999999949	0.89752999999999949	0.87533000000000005	0.84996000000000005	0.81928999999999996	0.79603999999999997	0.77384000000000186	0.75799000000000161	0.74336999999999998	0.74530000000000063	0.74846999999999997	0.76432999999999995	0.78019000000000005	0.80239000000000005	0.83092999999999995	0.85629999999999995	0.88166999999999951	0.90386999999999951	0.9141899999999995	0.92608000000000001	0.92290000000000005	0.91022000000000003	0.89119000000000004	0.86899000000000148	0.84045000000000003	0.81296999999999997	0.78970000000000062	0.77067000000000174	0.75481000000000065	0.74530000000000063	0.74336999999999998	0.75481000000000065	0.77067000000000174	0.79286999999999996	0.81823999999999997	0.84679000000000149	0.87533000000000005	0.90069999999999995	0.91973000000000005	0.93242000000000003	0.93242000000000003	0.92290000000000005	0.90386999999999951	0.88166999999999951	0.85629999999999995	0.82776000000000005	0.79922000000000004	0.78019000000000005	0.76432999999999995	0.74970000000000137	0.75164000000000186	0.75799000000000161	0.77067000000000174	0.78970000000000062	0.81190000000000062	0.83726999999999996	0.86582000000000148	0.89119000000000004	0.91339000000000004	0.92608000000000001	0.93001	0.92925000000000002	0.91655999999999949	0.89435999999999949	0.87216000000000005	0.84679000000000149	0.82142000000000004	0.79922000000000004	0.77702000000000149	0.76115999999999995	0.75481000000000065	0.75481000000000065	0.76432999999999995	0.78019000000000005	0.80239000000000005	0.82459000000000005	0.85313000000000005	0.88166999999999951	0.90705000000000002	0.92925000000000002	0.93876000000000004	0.94193000000000005	0.93242000000000003	0.91339000000000004	0.88802000000000003	0.86265000000000136	0.83409999999999995	0.80872999999999995	0.78652999999999951	0.76551999999999998	0.75603000000000065	Time (s)
Voltage (V)
1.0 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000017	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000017	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000017	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000017	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	12.25	12.3	12.350000000000017	12.4	12.450000000000006	12.5	12.55	12.6	12.65	12.7	12.75	12.8	12.850000000000017	12.9	12.950000000000006	13	13.05	13.1	13.15	13.2	13.25	13.3	13.350000000000017	13.4	13.450000000000006	1.1893	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.0022	1.0022	1.0022	0.99960000000000004	1.0022	1.0022	1.0022	1.0022	1.1893	1.1860999999999999	1.1893	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.1893	1.1860999999999999	1.1861999999999999	1.1860999999999999	1.1861999999999999	1.1893	1.1893	1.1893	1.1893	1.1860999999999999	1.1893	1.0022	1.0022	1.0022	1.0022	1.0022	0.99960000000000004	1.0022	1.0022	1.0022	1.0022	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1860999999999999	1.1893	1.1860999999999999	1.1893	0.99960000000000004	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	1.1893	1.1893	1.1861999999999999	1.1860999999999999	1.1893	1.1893	1.1893	1.1893	1.1893	1.1923999999999999	1.0022	1.0022	1.0022	1.0022	1.0022	1.0022	0.99960000000000004	1.0022	1.0022	1.0022	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1831	1.1893	1.0022	1.0022	1.0022	1.0053999999999974	1.0022	1.0053999999999974	1.0022	1.0053999999999974	1.0022	1.0022	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1861999999999999	1.1893	1.1893	1.1893	1.1893	1.0053999999999974	1.0053999999999974	1.0022	1.0022	1.0022	1.0053999999999974	1.0053999999999974	0.99960000000000004	1.0053999999999974	1.0022	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1861999999999999	1.0053999999999974	1.0022	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0022	1.0053999999999974	1.0022	1.0053999999999974	1.0022	1.1893	1.1893	1.1893	1.1893	1.1893	1.1861999999999999	1.1893	1.1893	1.1893	1.1860999999999999	1.1893	1.0022	1.0053999999999974	1.0022	1.0053999999999974	1.0027999999999975	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0022	1.0053999999999974	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0022	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.0022	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.1893	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.0053999999999974	1.1861999999999999	1.1893	1.1893	1.1893	Time (s)
Voltage (V)
2.0 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	9.3000000000000007	9.3500000000000068	9.4	9.4500000000000028	9.5	9.5500000000000007	9.6	9.65	9.7000000000000011	9.75	9.8000000000000007	9.8500000000000068	9.9	9.9500000000000028	10	10.050000000000002	10.1	10.15	10.200000000000001	10.25	10.3	10.350000000000017	10.4	10.450000000000006	10.5	10.55	10.6	10.65	10.7	10.75	10.8	10.850000000000017	10.9	10.950000000000006	11	11.05	11.1	11.15	11.2	11.25	11.3	11.350000000000017	11.4	11.450000000000006	11.5	11.55	11.6	11.65	11.7	11.75	11.8	11.850000000000017	11.9	11.950000000000006	12	12.05	12.1	12.15	12.2	1.1069	1.1513	1.1638999999999977	1.1416999999999977	1.091	1.0370999999999975	0.99326999999999877	0.97999000000000136	0.99902000000000002	1.0402	1.0942000000000001	1.1416999999999977	1.1671	1.1513	1.1036999999999975	1.0497999999999974	1.0053999999999974	0.98315999999999959	0.98950999999999956	1.0275999999999974	1.0754999999999975	1.1291	1.1638999999999977	1.1576	1.1164000000000001	1.0655999999999974	1.0148999999999975	0.98632999999999948	0.98632999999999948	1.018	1.0655999999999974	1.1194999999999977	1.1576	1.1608000000000001	1.1322000000000001	1.0724	1.0244	0.98950999999999956	0.98315999999999959	1.0085	1.0528999999999977	1.1100000000000001	1.1513	1.1671	1.1386000000000001	1.091	1.0370999999999975	0.99585000000000001	0.97999000000000136	0.99902000000000002	1.0375999999999974	1.0972999999999977	1.1449	1.1671	1.1513	1.1036999999999975	1.0497999999999974	1.0053999999999974	0.98315999999999959	0.99268000000000001	1.0306999999999977	1.0814999999999975	1.1322000000000001	1.1609	1.1576	1.1164000000000001	1.0624	1.0148999999999975	0.98632999999999948	0.98632999999999948	1.018	1.0688	1.1227	1.1608000000000001	1.1608000000000001	1.1258999999999975	1.0724	1.0216999999999972	0.98950999999999956	0.98062000000000005	1.0085	1.0561	1.1100000000000001	1.1544000000000001	1.1671	1.1416999999999977	1.0877999999999974	1.0370999999999975	0.99585000000000001	0.97746	0.99643999999999888	1.0433999999999977	1.0972999999999977	1.1449	1.1671	1.1513	1.1036999999999975	1.0466	1.0053999999999974	0.98315999999999959	0.99268000000000001	1.0306999999999977	1.0846	1.1354	1.1638999999999977	1.1544000000000001	1.1132	1.0592999999999975	1.0123	0.98315999999999959	0.98632999999999948	1.0211999999999977	1.0720000000000001	1.1258999999999975	1.1608000000000001	1.1608000000000001	1.1258999999999975	1.0720000000000001	1.0211999999999977	0.98950999999999956	0.98315999999999959	1.0116999999999972	1.0592999999999975	1.1132	1.1544000000000001	1.1671	1.1386000000000001	1.0877999999999974	1.0338999999999972	0.99585000000000001	0.97999000000000136	1.0022	1.0433999999999977	1.1005	1.1418999999999975	1.1671	1.1451	1.1005	1.0466	1.0022	0.98315999999999959	0.99585000000000001	1.0338999999999972	1.0877999999999974	1.1354	1.1638999999999977	1.1513	1.1100000000000001	1.0561	1.0148999999999975	0.98315999999999959	0.98950999999999956	1.0244	1.0750999999999977	1.1291	1.1638999999999977	1.1608000000000001	1.1227	1.0688	1.0211999999999977	0.98632999999999948	0.98315999999999959	1.0592999999999975	1.1576	1.1671	1.1354	1.0846	1.0306999999999977	0.99268000000000001	0.98315999999999959	1.0022	1.0466	1.0976999999999975	1.1480999999999999	1.1671	1.1449	1.0945	1.0433999999999977	1.0022	0.98315999999999959	0.99902000000000002	1.0370999999999975	1.0877999999999974	1.1386000000000001	1.1638999999999977	1.1513	1.1100000000000001	1.0561	1.0058999999999971	0.98315999999999959	0.98950999999999956	1.0244	1.0750999999999977	1.1291	1.1638999999999977	1.1608000000000001	1.1227	1.0688	1.018	0.98632999999999948	0.98315999999999959	1.0148999999999975	1.0624	1.1164000000000001	1.1576	1.1671	1.1354	1.0846	1.0306999999999977	0.99268000000000001	0.98315999999999959	1.0022	1.0497999999999974	1.1036999999999975	1.1513	1.1671	1.1416999999999977	1.0942000000000001	1.0402	0.99902000000000002	0.98315999999999959	0.99585000000000001	1.0402	1.0942000000000001	1.1386000000000001	1.1671	1.1513	1.1069	1.0528999999999977	1.0085	0.98315999999999959	0.98950999999999956	1.0275999999999974	1.0783	1.1322000000000001	1.1638999999999977	1.1608000000000001	1.1227	1.0688	1.018	0.98632999999999948	0.98632999999999948	1.0148999999999975	1.0655999999999974	Time (s)
Voltage (V)
2.0 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	1.1671	1.1671	1.1640999999999999	1.1671	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	1.1671	1.1671	1.1671	1.1671	1.1671	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	1.1671	1.1671	1.1671	1.1671	1.1671	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	1.1671	1.1671	1.1671	1.1702999999999999	1.1671	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	0.98315999999999959	1.1671	1.1671	1.1671	1.1671	0.98315999999999959	0.98632999999999948	0.98315999999999959	0.98632999999999948	0.98632999999999948	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	1.1702999999999999	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98632999999999948	0.98379000000000005	Time (s)
Voltage (V)
4.0 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	1.1322000000000001	1.0402	0.96730000000000005	1.0148999999999975	1.1132	1.1416999999999977	1.0438999999999972	0.97048000000000001	1.0022	1.1036999999999975	1.1449	1.0624	0.97113000000000005	0.99268000000000001	1.091	1.1513	1.0750999999999977	0.97999000000000136	0.98315999999999959	1.0814999999999975	1.1513	1.0877999999999974	0.98950999999999956	0.97682000000000124	1.0688	1.1480999999999999	1.1005	0.99902000000000002	0.97048000000000001	1.0561	1.1449	1.1132	1.0085	0.96730000000000005	1.0402	1.1386000000000001	1.1227	1.0211999999999977	0.96730000000000005	1.0306999999999977	1.1322000000000001	1.1322000000000001	1.0338999999999972	0.96730000000000005	1.018	1.1227	1.1416999999999977	1.0466	0.97048000000000001	1.0085	Time (s)
Voltage (V)
4.0 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	1.202	1.018	1.018	1.018	1.202	1.202	1.202	1.0148999999999975	1.018	1.202	1.202	1.202	1.018	1.0123	1.2050999999999972	1.202	1.018	1.0148999999999975	1.202	1.202	1.1989000000000001	1.018	1.018	1.202	1.202	1.202	1.018	1.0148999999999975	1.0148999999999975	1.202	1.202	1.0148999999999975	1.0148999999999975	1.0148999999999975	1.202	1.1989000000000001	1.0148999999999975	1.0123	1.018	1.202	1.202	1.018	1.018	1.018	1.202	1.202	1.018	1.0148999999999975	1.018	1.202	1.202	1.202	1.018	1.0148999999999975	1.202	1.202	1.202	1.0148999999999975	1.0148999999999975	1.202	1.202	1.202	1.0153999999999974	1.0148999999999975	1.202	1.202	1.202	1.0148999999999975	1.0148999999999975	1.0148999999999975	1.202	1.202	1.018	1.0148999999999975	1.018	1.202	1.202	1.018	1.018	1.0148999999999975	1.202	1.202	1.018	1.0148999999999975	1.0148999999999975	1.202	1.202	1.0148999999999975	1.0148999999999975	Time (s)
Voltage (V)
5.0 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	0.98950999999999956	0.98315999999999959	1.1100000000000001	1.1258999999999975	0.99902000000000002	0.97682000000000124	1.0972999999999977	1.1322000000000001	1.0148999999999975	0.97048000000000001	1.0877999999999974	1.1416999999999977	1.0244	0.96730000000000005	1.0750999999999977	1.1449	1.0370999999999975	0.96413000000000004	1.0592999999999975	1.1480999999999999	1.0497999999999974	0.96413000000000004	1.0466	1.1480999999999999	1.0592999999999975	0.96413000000000004	1.0338999999999972	1.1449	1.0750999999999977	0.96730000000000005	1.0211999999999977	1.1416999999999977	1.0846	0.97365000000000124	1.0116999999999972	1.1354	1.1005	0.97999000000000136	0.99902000000000002	1.1258999999999975	1.1100000000000001	0.98950999999999956	0.98950999999999956	1.1164000000000001	1.1227	0.99902000000000002	0.98315999999999959	1.1036999999999975	1.1322000000000001	1.0148999999999975	Time (s)
Voltage (V)
5.0 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	1.0022	1.0022	1.1893	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1831	1.1860999999999999	0.99960000000000004	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	1.0022	1.0022	1.1860999999999999	1.1860999999999999	0.99902000000000002	1.0022	1.0022	1.1860999999999999	1.1860999999999999	Time (s)
Voltage (V)
7.5 Hz Sine Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	1.1132	0.99585000000000001	0.97999000000000136	1.1194999999999977	0.96096000000000004	1.0306999999999977	1.0877999999999974	0.93559000000000003	1.0846	1.0370999999999975	0.95145000000000002	1.1164000000000001	0.98632999999999948	0.99326999999999877	1.1132	0.94828000000000001	1.0497999999999974	1.0783	0.93876000000000004	1.1005	1.0211999999999977	0.96413000000000004	1.1227	0.97365000000000124	1.0116999999999972	1.1069	0.94193000000000005	1.0655999999999974	1.0624	0.94510000000000005	1.1100000000000001	1.0085	0.97682000000000124	1.1227	0.96413000000000004	1.0275999999999974	1.0972999999999977	0.94193000000000005	1.0787	1.0466	0.95145000000000002	1.1194999999999977	0.99585000000000001	0.98950999999999956	1.1227	0.95462000000000136	1.0433999999999977	1.0846	0.94193000000000005	1.0972999999999977	Time (s)
Voltage (V)
7.5 Hz Square Wave
0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000135	0.70000000000000062	0.75000000000000122	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999975	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000022	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	1.1893	1.1860999999999999	1.0022	1.1860999999999999	1.0022	1.0022	1.1893	1.0022	1.1893	1.1893	1.0053999999999974	1.1893	1.1893	1.0022	1.1893	1.0053999999999974	1.0053999999999974	1.1893	1.0053999999999974	1.1893	1.1893	1.0022	1.1893	1.018	1.0053999999999974	1.1893	1.0053999999999974	1.0053999999999974	1.1893	1.0053999999999974	1.1893	1.1893	1.0053999999999974	1.1893	1.0053999999999974	1.0053999999999974	1.1893	1.0053999999999974	1.0053999999999974	1.1893	1.0053999999999974	1.1893	1.1893	1.0053999999999974	1.1893	1.0053999999999974	1.0053999999999974	1.1893	1.0053999999999974	1.1893	Time (s)
Voltage (V)
100mHz Sine Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	10.5	10.8	11.1	11.4	11.7	12	12.3	12.6	12.9	13.2	13.5	13.8	14.1	14.4	14.7	15	15.3	15.6	15.9	16.2	16.5	16.8	17.100000000000001	17.399999999999999	17.7	18	18.3	18.600000000000001	18.899999999999999	19.2	19.5	19.8	20.100000000000001	20.399999999999999	20.7	21	21.3	21.6	21.9	22.2	22.5	22.8	23.1	23.4	23.7	24	24.3	24.6	24.9	25.2	25.5	25.8	26.1	26.4	26.7	27	27.3	27.6	27.9	28.2	28.5	28.8	29.1	29.4	29.7	30	30.3	30.6	30.9	31.2	31.5	31.8	32.1	32.4	32.700000000000003	33	33.300000000000004	33.6	33.9	34.200000000000003	34.5	34.800000000000004	35.1	35.4	35.700000000000003	36	36.300000000000004	36.6	36.9	37.200000000000003	37.5	37.800000000000004	38.1	38.4	38.700000000000003	39	39.300000000000004	39.6	39.9	40.200000000000003	40.5	40.800000000000004	41.1	41.4	41.7	42	42.3	42.6	42.9	43.2	43.5	43.8	44.1	44.4	44.7	45	45.3	45.6	45.9	46.2	46.5	46.8	47.1	47.4	47.7	48	48.3	48.6	48.9	49.2	49.5	49.8	50.1	50.4	50.7	51	51.3	51.6	51.9	52.2	52.5	52.8	53.1	53.4	53.7	54	54.3	54.6	54.9	55.2	55.5	55.8	56.1	56.4	56.7	57	57.3	57.6	57.9	58.2	58.5	58.8	59.1	59.4	59.7	60	60.3	60.6	60.9	61.2	61.5	61.8	62.1	62.4	62.7	63	63.3	63.6	63.9	64.2	64.5	64.8	65.099999999999994	65.400000000000006	65.7	66	66.3	66.599999999999994	66.900000000000006	67.2	67.5	67.8	68.099999999999994	68.400000000000006	68.7	69	69.3	69.599999999999994	69.900000000000006	70.2	70.5	70.8	71.099999999999994	71.400000000000006	71.7	72	72.3	72.599999999999994	72.900000000000006	73.2	73.5	73.8	74.099999999999994	74.400000000000006	74.7	75	75.3	75.599999999999994	75.900000000000006	76.2	76.5	76.8	77.099999999999994	77.400000000000006	77.7	78	78.3	78.599999999999994	78.900000000000006	79.2	79.5	79.8	80.099999999999994	80.400000000000006	80.7	81	81.3	81.599999999999994	81.900000000000006	82.2	82.5	82.8	83.1	83.4	83.7	84	84.3	84.6	84.9	85.2	85.5	85.8	86.1	86.4	86.7	87	87.3	87.6	87.9	88.2	88.5	88.8	89.1	89.4	89.7	90	90.3	90.6	90.9	91.2	91.5	91.8	92.1	92.4	92.7	93	93.3	93.6	93.9	94.2	94.5	94.8	95.1	95.4	95.7	96	96.3	96.6	96.9	97.2	97.5	97.8	98.1	98.4	98.7	99	99.3	99.6	99.9	100.2	100.5	100.8	101.1	101.4	101.7	102	102.3	102.6	102.9	103.2	103.5	103.8	104.1	104.4	104.7	105	105.3	105.6	105.9	106.2	106.5	106.8	107.1	107.4	107.7	108	108.3	1.2855999999999983	1.2641	1.2456999999999978	1.2272999999999981	1.2149999999999983	1.2057999999999975	1.1997	1.1966000000000001	1.1935	1.1936	1.1997	1.2088999999999985	1.2242	1.239499999999998	1.2548999999999984	1.2764	1.3008999999999984	1.3253999999999984	1.3561000000000001	1.3868	1.4205999999999985	1.451199999999998	1.4788999999999985	1.5003	1.5125999999999984	1.5125999999999984	1.5033999999999983	1.4849999999999985	1.4573999999999978	1.4266999999999983	1.3929	1.3623000000000001	1.3285	1.3008999999999984	1.2764	1.2548999999999984	1.2333999999999981	1.2149999999999983	1.2057999999999975	1.1904999999999999	1.1843999999999999	1.1842999999999999	1.1782999999999999	1.1813	1.1875	1.1966000000000001	1.2088999999999985	1.2242	1.239499999999998	1.2609999999999983	1.2825	1.3068	1.3408	1.3680000000000001	1.4020999999999983	1.4327999999999983	1.4634999999999978	1.4849999999999985	1.5003	1.5033999999999983	1.4942	1.4757999999999976	1.4445999999999986	1.4174999999999975	1.3833	1.3496999999999983	1.3224	1.2948	1.264	1.2456999999999978	1.2242	1.2088999999999985	1.1935	1.1842999999999999	1.1751	1.1719999999999984	1.169	1.1719999999999984	1.1752	1.1842999999999999	1.1966000000000001	1.2088999999999985	1.2272999999999981	1.2456999999999978	1.2669999999999983	1.2948	1.3253999999999984	1.3561000000000001	1.3868	1.4174999999999975	1.4481999999999984	1.4726999999999983	1.4881	1.4910999999999985	1.4849999999999985	1.4665999999999983	1.4383999999999983	1.4113999999999975	1.3772	1.3435999999999984	1.3162	1.2855999999999983	1.2578999999999978	1.2333999999999981	1.2181	1.1967000000000001	1.1842999999999999	1.1721999999999999	1.163	1.1598999999999984	1.1597999999999984	1.1598999999999984	1.1658999999999984	1.1721999999999999	1.1813	1.1967000000000001	1.212	1.2364999999999984	1.2578999999999978	1.2825	1.3068	1.3408	1.3745000000000001	1.4016999999999968	1.4358999999999971	1.4567999999999985	1.4757999999999976	1.4818999999999976	1.4788999999999985	1.4567999999999985	1.4358999999999971	1.4047999999999981	1.3711	1.3438999999999985	1.3068	1.2825	1.2516999999999978	1.2302999999999984	1.2088999999999985	1.1935	1.1752	1.1658999999999984	1.1569	1.1507000000000001	1.1506000000000001	1.1507000000000001	1.1567000000000001	1.163	1.1721999999999999	1.1874	1.2057999999999975	1.2242	1.2456999999999978	1.2732999999999985	1.3008999999999984	1.3315999999999983	1.3623000000000001	1.3925000000000001	1.4235999999999975	1.4475999999999976	1.4695999999999978	1.4757999999999976	1.4689999999999985	1.4536999999999975	1.4327999999999983	1.4016999999999968	1.3680000000000001	1.3376999999999983	1.3069999999999984	1.2762	1.2517999999999978	1.2242	1.2057999999999975	1.1875	1.1721999999999999	1.1598999999999984	1.1507000000000001	1.1446000000000001	1.1415999999999984	1.1444000000000001	1.1476999999999984	1.1537999999999984	1.163	1.1752	1.1936	1.2149999999999983	1.2364999999999984	1.2578999999999978	1.2853999999999985	1.3160000000000001	1.3496999999999983	1.3836999999999984	1.410899999999998	1.4383999999999983	1.4567999999999985	1.466	1.4628999999999985	1.4506999999999985	1.4297999999999971	1.3986000000000001	1.3680000000000001	1.3344	1.3007	1.2731999999999986	1.2486999999999984	1.2210999999999983	1.1997	1.1813	1.1659999999999984	1.1537999999999984	1.1446000000000001	1.1385000000000001	1.1354	1.1354	1.1385000000000001	1.1446000000000001	1.1537999999999984	1.1659999999999984	1.1813	1.2027999999999985	1.2242	1.2517999999999978	1.2762	1.3037999999999983	1.3373999999999984	1.3714999999999984	1.4020999999999983	1.4261999999999984	1.4475999999999976	1.4603999999999984	1.4567999999999985	1.4481999999999984	1.4230999999999978	1.3991	1.365	1.3312999999999984	1.3007	1.2701	1.2425999999999984	1.2181	1.1936	1.1752	1.1598999999999984	1.1476999999999984	1.1385000000000001	1.1324000000000001	1.1293	1.1293	1.1293	1.1354	1.1446000000000001	1.1598999999999984	1.1721999999999999	1.1936	1.2181	1.239499999999998	1.264	1.2946	1.3251999999999984	1.3589	1.3895	1.4169999999999978	1.4383999999999983	1.4506999999999985	1.4506999999999985	1.4414999999999976	1.4200999999999984	1.3925000000000001	1.3618999999999986	1.3283	1.2975999999999985	1.2669999999999983	1.239499999999998	1.2149999999999983	1.1936	1.1721999999999999	1.1569	1.1446000000000001	1.1324000000000001	1.1263000000000001	1.1232	1.1232	1.1263000000000001	1.1293	1.1385000000000001	1.1507000000000001	1.1659999999999984	1.1843999999999999	1.2057999999999975	1.2302999999999984	1.2578999999999978	1.2853999999999985	1.3160000000000001	1.3496999999999983	1.3803000000000001	1.410899999999998	1.4322999999999984	1.4445999999999986	1.4475999999999976	1.4383999999999983	1.4169999999999978	1.3925000000000001	1.3618999999999986	1.3283	1.2975999999999985	1.2669999999999983	1.2363999999999984	1.2149999999999983	1.1904999999999999	1.1691	1.1537999999999984	1.1387	1.1293	1.1232	1.1201000000000001	1.1171	1.1201000000000001	1.1263000000000001	1.1324000000000001	1.1446000000000001	1.1598999999999984	1.1782999999999999	1.1997	1.2210999999999983	1.2486999999999984	1.2762	1.3098999999999983	1.3405	1.3711	1.4016999999999968	1.4261999999999984	1.4414999999999976	1.4445999999999986	1.4353999999999976	1.4200999999999984	1.3959999999999984	1.3618999999999986	1.3283	1.2975999999999985	1.2669999999999983	1.2363999999999984	1.212	1.1875	1.1691	1.1507000000000001	1.1385000000000001	1.1263000000000001	1.1201000000000001	1.1140000000000001	1.1140000000000001	1.1171	1.1201000000000001	1.1293	1.1385000000000001	1.1537999999999984	1.1721999999999999	1.1904999999999999	1.2149999999999983	1.239499999999998	1.2669999999999983	1.3007	Time (s)
Voltage (V)
100mHz Square Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	10.5	10.8	11.1	11.4	11.7	12	12.3	12.6	12.9	13.2	13.5	13.8	14.1	14.4	14.7	15	15.3	15.6	15.9	16.2	16.5	16.8	17.100000000000001	17.399999999999999	17.7	18	18.3	18.600000000000001	18.899999999999999	19.2	19.5	19.8	20.100000000000001	20.399999999999999	20.7	21	21.3	21.6	21.9	22.2	22.5	22.8	23.1	23.4	23.7	24	24.3	24.6	24.9	25.2	25.5	25.8	26.1	26.4	26.7	27	27.3	27.6	27.9	28.2	28.5	28.8	29.1	29.4	29.7	30	30.3	30.6	30.9	31.2	31.5	31.8	32.1	32.4	32.700000000000003	33	33.300000000000004	33.6	33.9	34.200000000000003	34.5	34.800000000000004	35.1	35.4	35.700000000000003	36	36.300000000000004	36.6	36.9	37.200000000000003	37.5	37.800000000000004	38.1	38.4	38.700000000000003	39	39.300000000000004	39.6	39.9	40.200000000000003	40.5	40.800000000000004	41.1	41.4	41.7	42	1.0746	1.0746	1.0772999999999984	1.0715999999999986	1.0746	1.0746	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0742	1.0715999999999986	1.0742	1.0715999999999986	1.0715999999999986	1.4042999999999985	1.4077999999999968	1.4077999999999968	1.4077999999999968	1.4077999999999968	1.4042999999999985	1.4077999999999968	1.4077999999999968	1.4042999999999985	1.4042999999999985	1.4077999999999968	1.4077999999999968	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.0742	1.0715999999999986	1.0742	1.0742	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.4047999999999981	1.4047999999999981	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0715999999999986	1.0742	1.0715999999999986	1.0685	1.0685	1.0685	1.0685	1.0715999999999986	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.0653999999999983	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.0685	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4012999999999975	1.4047999999999981	1.4012999999999975	1.4012999999999975	1.3982000000000001	1.3982000000000001	1.4012999999999975	1.3982000000000001	1.3982000000000001	1.3982000000000001	1.3982000000000001	1.3982000000000001	1.3982000000000001	1.4016999999999968	1.0653999999999983	1.0653999999999983	1.0653999999999983	1.0653999999999983	1.0653999999999983	1.0653999999999983	1.0653999999999983	Time (s)
Voltage (V)
300mHz Sine Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	10.5	10.8	11.1	11.4	1.3491	1.3761000000000001	1.3125	1.2089999999999983	1.1240000000000001	1.0662	1.0388999999999984	1.0414999999999985	1.0662	1.1297999999999984	1.2150999999999983	1.3155999999999985	1.3794999999999984	1.3427	1.2454999999999981	1.1513	1.0845	1.0475999999999985	1.035899999999998	1.0509999999999984	1.0995999999999984	1.1785000000000001	1.2727999999999984	1.3609	1.367	1.2848999999999984	1.1847000000000001	1.1085	1.0570999999999984	1.035899999999998	1.041899999999998	1.0784	1.1422000000000001	1.2363	1.3335999999999983	1.3794999999999984	1.3213999999999984	1.2242	Time (s)
Voltage (V)
300mHz Square Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	10.5	10.8	11.1	11.4	11.7	12	12.3	12.6	12.9	13.2	1.3855999999999984	1.3855999999999984	1.0506	1.0506	1.0531999999999984	1.0506	1.0506	1.3308	1.3855999999999984	1.389	1.3855999999999984	1.3855999999999984	1.389	1.0506	1.0506	1.0506	1.0531999999999984	1.0506	1.0506	1.3855999999999984	1.389	1.389	1.3855999999999984	1.3855999999999984	1.3855999999999984	1.0531999999999984	1.0506	1.0531999999999984	1.0531999999999984	1.0506	1.3855999999999984	1.3855999999999984	1.389	1.389	1.3855999999999984	1.389	1.0506	1.0475999999999985	1.0475999999999985	1.0475999999999985	1.0506	1.0506	1.3855999999999984	1.389	Time (s)
Voltage (V)
500mHz Sine Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	1.0914999999999984	1.0191999999999986	1.0282	1.1247	1.2905	1.3689	1.2121	1.0733999999999984	1.0161	1.0403	1.1488	1.3207	1.3508	1.1819999999999984	1.0552999999999984	1.0130999999999983	1.0523	1.1759999999999984	1.3477999999999986	1.3267	1.1548	1.0432999999999983	1.0130999999999983	1.0673999999999984	1.2060999999999984	1.3658999999999983	1.2995999999999985	1.1276999999999984	1.0311999999999983	1.0161	1.0854999999999984	1.2331999999999983	1.375	1.2664	Time (s)
Voltage (V)
500mHz Square Wave
0.30000000000000032	0.60000000000000064	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	3.6	3.9	4.2	4.5	4.8	5.0999999999999996	5.4	5.7	6	6.3	6.6	6.9	7.2	7.5	7.8	8.1	8.4	8.7000000000000011	9	9.3000000000000007	9.6	9.9	10.200000000000001	10.5	10.8	11.1	11.4	11.7	12	12.3	12.6	12.9	1.3761000000000001	1.0297999999999981	1.0297999999999981	1.0297999999999981	1.3727	1.3761000000000001	1.3761000000000001	1.3761000000000001	1.0271999999999983	1.0271999999999983	1.0297999999999981	1.3761000000000001	1.3727	1.3761000000000001	1.3727	1.0297999999999981	1.0297999999999981	1.0297999999999981	1.3761000000000001	1.3727	1.3727	1.0266999999999984	1.0297999999999981	1.0271999999999983	1.0271999999999983	1.3727	1.3727	1.3761000000000001	1.0297999999999981	1.0297999999999981	1.0271999999999983	1.0271999999999983	1.3761000000000001	1.3727	1.3761000000000001	1.0297999999999981	1.0297999999999981	1.0271999999999983	1.0297999999999981	1.3761000000000001	1.3761000000000001	1.3727	1.0271999999999983	Time (s)
Voltage (V)
1.67 Hz Square Wave
0.05	0.1	0.15000000000000019	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000102	0.70000000000000062	0.75000000000000089	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999984	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000015	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	1.2748999999999984	1.2781	1.2781	1.2781	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2812999999999986	1.2781	1.2781	1.2781	1.2748999999999984	1.2748999999999984	1.2463	1.249599999999998	1.249599999999998	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2558999999999978	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2781	1.2781	1.2781	1.2431999999999985	1.249599999999998	1.249599999999998	1.249599999999998	1.2526999999999984	1.2526999999999984	1.2812999999999986	1.2845	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2781	1.249599999999998	1.249599999999998	1.2431999999999985	1.2464	1.249599999999998	1.249599999999998	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2845	1.2812999999999986	1.2812999999999986	1.2526999999999984	1.249599999999998	1.249599999999998	1.249599999999998	1.2464	1.2464	1.2781	1.2781	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2845	1.2526999999999984	1.2526999999999984	1.249599999999998	1.249599999999998	1.249599999999998	1.249599999999998	1.2748999999999984	1.2781	1.2781	1.2781	1.2812999999999986	1.2812999999999986	1.2526999999999984	1.2558999999999978	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.249599999999998	1.2747999999999984	1.2748999999999984	1.2748999999999984	1.2781	1.2781	1.2781	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2812999999999986	1.2781	1.2781	1.2747999999999984	Time (s)
Voltage (V)
2.0 Hz Square Wave
0.05	0.1	0.15000000000000019	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000102	0.70000000000000062	0.75000000000000089	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999984	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000015	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2781	1.278	1.2526999999999984	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2875999999999983	1.2845	1.2845	1.2845	1.2812999999999986	1.2526999999999984	1.2526999999999984	1.249599999999998	1.2526999999999984	1.2558999999999978	1.2845	1.2845	1.2845	1.2875999999999983	1.2875999999999983	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2526999999999984	1.2494999999999981	1.2526999999999984	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2845	1.2558999999999978	1.2558999999999978	1.2590999999999986	1.2590999999999986	1.2558999999999978	1.2845	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.249599999999998	1.2526999999999984	1.2526999999999984	1.2558999999999978	1.2558999999999978	1.2845	1.2845	1.2875999999999983	1.2845	1.2845	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2812999999999986	1.2812999999999986	1.2845	1.2845	1.2558999999999978	1.2590999999999986	1.2558999999999978	1.2558999999999978	1.2494999999999981	1.2526999999999984	1.2812999999999986	1.2812999999999986	1.2781	1.278	1.2812999999999986	1.2526999999999984	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2590999999999986	1.2845	1.2845	1.2845	1.2845	1.2845	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2526999999999984	1.2845	1.2845	1.2845	1.2875999999999983	1.2875999999999983	1.2558999999999978	1.2558999999999978	Time (s)
Voltage (V)
3.0 Hz Square Wave
0.05	0.1	0.15000000000000019	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000102	0.70000000000000062	0.75000000000000089	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999984	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000015	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	1.2558999999999978	1.2590999999999986	1.2590999999999986	1.2845	1.2845	1.2845	1.2812999999999986	1.2812999999999986	1.2526999999999984	1.2494999999999981	1.2526999999999984	1.2526999999999984	1.2558999999999978	1.2845	1.2845	1.2845	1.2875999999999983	1.2845	1.2558999999999978	1.2558999999999978	1.2526999999999984	1.2526999999999984	1.2494999999999981	1.2781	1.2812999999999986	1.2812999999999986	1.2845	1.2810999999999984	1.2558999999999978	1.2590999999999986	1.2590999999999986	1.2558999999999978	1.2558999999999978	1.2845	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2781	1.2812999999999986	1.2526999999999984	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2590999999999986	1.2875999999999983	1.2845	1.2845	1.2845	1.2812999999999986	1.2526999999999984	1.2526999999999984	1.249599999999998	1.2494999999999981	1.2526999999999984	1.2845	1.2845	1.2845	1.2845	1.2875999999999983	1.2558999999999978	1.2526999999999984	1.2558999999999978	1.2526999999999984	1.249599999999998	1.2812999999999986	1.2781	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2590999999999986	1.2558999999999978	1.2845	1.2845	1.2812999999999986	1.2812999999999986	1.2812999999999986	1.249599999999998	1.2526999999999984	1.2526999999999984	1.2558999999999978	1.2558999999999978	1.2558999999999978	1.2845	1.2875999999999983	1.2845	1.2845	1.2845	1.2558999999999978	1.2526999999999984	1.2526999999999984	1.2463	1.2526999999999984	1.2812999999999986	1.2845	1.2845	1.2875999999999983	1.2875999999999983	Time (s)
Voltage (V)
Overall Budget
Out of Pocket	Capstone Budget Spent	Capstone Budget Unspent	49.93	427.82	72.179999999999978	Capstone Budget
Cables	Advanced Circuit (PCB)	Components	Unspent	111.75	237.99	78.08	72.179999999999978	Out of Pocket Expenditures
Shipping	Electrodes	40.53	9.4	
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INPUT PROTECTION

Device inputs are protected by ESD diodes that will
conduct if the input voltages exceed the power supplies by
more than 500mV. Momentary voltages greater than
500mV beyond the power supply can be tolerated if the
current through the input pins is limited to 10mA. This is
easily accomplished with input resistor Ry, as shown in
Figure 7. Many input signals are inherently current-limited
to less than 10mA; therefore, a limiting resistor is not
required.

v+
Shutdown
Rum )
vt oW |,
loverono  Rer -8 INAZ21 >Pe—0Vour
10mA max } &l
Vo - W2
Rum
V- RG

Figure 7. Input Protection

OFFSET VOLTAGE ERROR CALCULATION

The offset voltage (Vos) of the INA321E is specified at a
maximum of 500uV with a +5V power supply and the
common-mode voltage at Vs/2. Additional specifications
for power-supply rejection and common-mode rejection
are provided to allow the user to easily calculate
worst-case expected offset under the conditions of a given
application.

Power-Supply Rejection Ratio (PSRR) is specified in
uV/V. For the INA321, worst-case PSRR is 200uV/V,
which means for each volt of change in power supply, the
offset may shift up to 200uV. Common-Mode Rejection
Ratio (CMRR) is specified in dB, which can be converted
to uV/V using the following equation:

CMRR (in pV/V) = 10[CVRR in dB)—20] o 106

For the INA321, the worst-case CMRR over the specified
common-mode range is 90dB (at G = 25) or about 30uV/V.
This means that for every volt of change in common-mode,
the offset will shift less than 30uV.

These numbers can be used to calculate excursions from
the specified offset voltage under different application
conditions. For example, an application might configure
the amplifier with a 3.3V supply with 1V common-mode.
This configuration varies from the specified configuration
representing a 1.7V variation in power supply (5V in the
offset specification versus 3.3V in the application) and a
0.65V variation in common-mode voltage from the
specified Vg/2.

Calculation of the worst-case expected offset would be as

follows:

Adjusted Vg = Maximum specified Vog +
(power-supply variation) ¢ PSRR +
(common-mode variation) ¢« CMRR

Vos=0.5mV + (1.7V « 200uV) + (0.65V » 30uV)
=+0.860mV/

However, the typical value will be smaller, as seen in the
Typical Characteristics.

FEEDBACK CAPACITOR IMPROVES RESPONSE

For optimum settling time and stability with
high-impedance feedback networks, it may be necessary
to add a feedback capacitor across the feedback resistor,
Rg, as shown in Figure 8. This capacitor compensates for
the zero created by the feedback network impedance and
the INA321’s RG-pin input capacitance (and any parasitic
layout capacitance). The effect becomes more significant
with higher impedance networks. Also, Ry and C_ can be
added to reduce high-frequency noise.

v+

Shutdown

¥

INA321 Ry
REF 0—9-2 e W
= A
Vi 2 71 RG
v
Ry Re
Riy® C=Re s Cp
Ce
|
1

Where Cyyis equal to the INA321 input capacitance

(approximately 3pF) plus any parastic layout capacitance.

Figure 8. Feedback Capacitor Improves Dynamic
Performance

It is suggested that a variable capacitor be used for the
feedback capacitor since input capacitance may vary
between instrumentation amplifiers, and layout
capacitance is difficult to determine. For the circuit shown
in Figure 8, the value of the variable feedback capacitor
should be chosen by the following equation:

RineCin =RpeCr

where Cpy is equal to the INA321's RG-pin input
capacitance (typically 3pF) plus the layout capacitance.
The capacitor can be varied until optimum performance is
obtained.
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APPLICATION CIRCUITS
Medical ECG Applications

Figure 9 shows the INA321 configured to serve as a
low-cost ECG amplifier, suitable for moderate accuracy
heart-rate applications such as fitness equipment. The
input signals are obtained from the left and right arms of the
patient. The common-mode voltage is set by two 2MQ
resistors. This potential, through a buffer, provides an

optional right leg drive. Filtering can be modified to suit
application needs by changing the capacitor value of the
output filter.

Low-Power, Single-Supply Data Acquisition
Systems

Refer to Figure 5 to see the INA321 configured to drive an
ADS7818. Functioning at frequencies of up to 500kHz, the
INA321 is ideal for low-power data acquisition.

1.60F
1l
1f
- V2 shutdown o M
100k C
Vit
Left Am G Shield wt 3Nz
8 10k
E S s 2
100k d 0 Voireur
V- 2| 10kQ (OPA336, fout puT
Right Am et i o
+5v O
2 V- RG
] ave Zoue e
%0 =
Vg=+2.5V Shield
* Drive 10k 390k
OPA336)
%0
- = 100k
oPAIIE>———\W—o RO
Vi i 9

Figure 9. Simplified ECG Circuit for Medical Applications
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PACKAGING INFORMATION

Orderable Device status " Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp ©)
Type __ Drawing Qty

INA2321EA/250 ACTIVE  TSSOP PW 14 250 Green (ROHS& CUNIPDAU  Level-1-260C-UNLIM
no SbiBr)

INA2321EA/250G4 ACTIVE ~ TSSOP PW 14 250 Green (ROHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

INA2321EA/2K5 ACTIVE ~ TSSOP PW 14 2500 Green (ROHS& CUNIPDAU  Level-1-260C-UNLIM
no SbiBr)

INA2321EAI2K5G4 ACTIVE  TSSOP PW 14 2500 Green (ROHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

INA321E/250 ACTIVE ~ MSOP DGK 8 250 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)

INA321E/250G4 ACTIVE  MSOP DGK 8 250 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)

INA321E/2K5 ACTIVE  MSOP DGK 8 2500 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)

INA321E/2K5G4 ACTIVE ~ MSOP DGK 8 2500 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)

INA321EA/250 ACTIVE  MSOP DGK 8 250 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)

INA321EA/250G4 ACTIVE  MSOP DGK 8 250 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)

INA321EA/2KS ACTIVE  MSOP DGK 8 2500 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)

INA321EA/2K5G4 ACTIVE ~ MSOP DGK 8 2500 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no SbiBr) - please check
hitp://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T| Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

@) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

Addendum-Page 1
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In no event shall TIs liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
£ ’4— KO [«—P1—»
I
w
ol [ @
Reel
Diameter .
Cavity
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed fo accommodate the component length
KO | Dimension designed to accommodate the component thickness|
Y W_| Overall width of the carrier tape
& P1 | Pitch between successive cavity centers.
EE Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O 0O0O0OO0O0O0O0 Sprocket Holes
User Direction of Feed
Py
-
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) W1 (mm)|
INA2321EA/250 TSSOP PW 14 250 180.0 124 6.9 5.6 1.6 8.0 12.0 Q1
INA2321EA/2KS5 TSSOP PW 14 2500 330.0 124 6.9 5.6 1.6 8.0 12.0 Qi
INA321E/250 MSOP DGK 8 250 180.0 124 5.3 3.4 1.4 8.0 12.0 Q1
INA321E/2K5 MSOP DGK 8 2500 330.0 12.4 53 3.4 1.4 8.0 12.0 Qi
INA321EA/250 MSOP DGK 8 250 180.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
INA321EA/2KS MSOP DGK 8 2500 330.0 124 53 3.4 1.4 8.0 12.0 el

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins sPQ Length (mm) [ Width (mm) [ Height (mm)
INA2321EA/250 TSSOP PW 14 250 190.5 212.7 31.8
INA2321EA/2KS TSSOP PW 14 2500 346.0 346.0 29.0
INA321E/250 MSOP DGK 8 250 190.5 212.7 31.8
INA321E/2K5 MSOP DGK 8 2500 346.0 346.0 29.0
INA321EA/250 MSOP DGK 8 250 190.5 212.7 31.8
INA321EA/2KS MSOP DGK 8 2500 346.0 346.0 29.0

Pack Materials-Page 2
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MECHANICAL DATA

DGK (S—PDS0O-G8) PLASTIC SMALL—-OUTLINE PACKAGE

L Lo
ole
8|

o
&
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©
8

015
L 1,10 MAX fis

,jimﬁ‘i Seating Plane ¥
G

4073329/E 05/06

NOTES:  A. Al linear dimensions are in millimeters.
8. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs.
not ‘exceed 0.15 per end.
[D>> Body width does not include interlead fiash. Interlead flash shall not exceed 0.50 per side

E.  Falls within JEDEC MO-187 variation AA, except interlead flash.

Mold flash, protrusions, or gate burrs shall

3 Texas
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999
PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

= | i

HAAAAAR T

T 0,15 NOM
7 |
QHHHHH@,

— A —f

v L 3 Seating Plane ¥ (I‘\:/?FL

L 120max o1s ¥
14 16

Gage Plane|| §

FINS 8 20 24 28

DIM
A MAX 3,10 5,10 5,10 6,60 7.90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153

oow
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LAND PATTERN DATA

PW (R-PDSO-G14) PLASTIC SMALL QUTLINE

Stencil Openings
(Note D)

Example Board Loyout
(Nate )

B

T R

o ——

!

I e

!

I

! Example

| Non Soldermask Defined Pad Example

! R Pad Geometry

(See Note C)

Example

Solder Mask Opening
(See Note E)

Al linear dimensions are in millimeters.
This drawing is subject to change without notice.
Customers should

Publication IPC~7351 is recommended for alternate designs,
Loser cutting opertures with trapezoidal walls and clso rounding corners will offer better poste release
contact their board assembly site for stencil design recommendations. Refer to IPC~7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:

ooms>
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent T deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using T components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents o other intellectual
property of the third party, or a license from T under the patents or other intellectual property of Tl

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Ti for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of T products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic.” Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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OPA336
OPA2336
OPA4336

SINGLE-SUPPLY, microPower
CMOS OPERATIONAL AMPLIFIERS
microAmplifier™ Series

FEATURES

@ SINGLE-SUPPLY OPERATION

@ RAIL-TO-RAIL OUTPUT (within 3mV)
® microPOWER: 1 = 20uA/Amplifier

® microSIZE PACKAGES

©® LOW OFFSET VOLTAGE: 1251V max
@ SPECIFIED FROM Vg = 2.3V to 5.5V

@ SINGLE, DUAL, AND QUAD VERSIONS

APPLICATIONS

©® BATTERY-POWERED INSTRUMENTS
©® PORTABLE DEVICES

@ HIGH-IMPEDANCE APPLICATIONS
©® PHOTODIODE PRE-AMPS

@ PRECISION INTEGRATORS

©® MEDICAL INSTRUMENTS

® TEST EQUIPMENT

OPA336

OPA336

DESCRIPTION

OPA336 scries micropower CMOS operational ampli-
fiers arc designed for battery-powered applications.
They operate on a single supply with operation as low
as 2.1V. The output is rail-to-rail and swings to within
3mV of the supplies with a 100kQ load. The
common-mode range extends to the negative supply—
ideal for ipply applications. S
quad versions have identical spwmauom for maxi-
n flexibility.

In addition ta all size and low quic:
(20uA/ampli they feature low offset voltage
(1251V max), low input bias current (1pA), and high
-loop gain (115dB). Dual and quad designs fc
completely independent circuitry for lowest
crosstalk and dom from interaction.

OPA336 packages are the tiny SOT23-5 surface mount,
SO-8 surface-mount, and DIP-8. OPA2336 comes in
the miniature MSOP-8 surface-mount, SO-8 s
mount, and DIP-: 8 packages. OPA4336 packages
the space face-mount and the DIP-
14. All om —40°C to +85°C and op: c
from +125°C. A macromodel is available for
design analysis.
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SPECIFICATIONS: Vg = 2.3V to 5.5V

Boldface limits apply over the specified temperature range, Tp = —40°C to +85°C.

AT = +25°C, Vg = +5V, and R, = 25kQ connected 10 Vig/2, unless otherwise noted.
OPA336NA, PA, UA
OPA336N, P, U OPA2336EA, PA, UA
OPA2336E, P, U OPA4336EA, PA
PARAMETER CONDITION MIN | TYP® | MAX | mMIN | TYP® | mAX | uNITS
OFFSET VOLTAGE
Input Offset Voltage Vos 460 | 125 * 500 w
vs Temperature dVog/dT #.5 * wrC
vs Power Supply PSRR Vs =23V to 55V 25 100 * * W
Over Temperature Vs =23V 1055V 130 * v
Channel Separation. dc 01 * W
INPUT BIAS CURRENT
Input Bias Current 8 # 10 * pA
Over Temperature 460 pA
Input Offset Current los #1 £10 * * pA
NOISE
Input Voltage Noise, f = 0.1 to 10Hz 3 *
Input Voltage Noise Density. f = 1kHz e, 40 *
Current Noise Density. f = 1kHz in 30 *
INPUT VOLTAGE RANGE
Common-Mode Voltage Range Vew -02 w1 ox * v
Common-Mode Rejection Ratio  CMRR 02V < Voy < (V4) -1V 80 90 76 86 dB
Over Temperature 02V < Vgy < (V4) -1V 76 74 dB
INPUT IMPEDANCE
Differential 101912 * QjlpF
Common-Mode 10714 * Q| pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain Aot 5KQ, 100mV < Vo < (V4) - 100mV | 100 15 90 * dB
Over Temperature 5KQ, 100mV < Vo < (V4) - 100mV | 100 20 dB
K2, 500mV < Vo < (V+) - 500mV [ 90 106 * * dB
Over Temperature K2, S00mV < Vo < (V+) - 500mV | 90 * dB
FREQUENCY RESPONSE
Gain-Bandwidth Product GBW 5V,G=1 100 * kHz
Slew Rate SR 5V,.G6=1 003 * Vius
Overload Recovery Time cG=Vg 100 * us
ouTPUT
Voltage Output Swing from Rail'? R_= 100k, Ag, 2 70dB 3 * mv
RL= 25k, Ag_ 2 90dB 20 100 * * mv
Over Temperature R_= 25k, Ag 2 90dB 100 * myv
R_= 5k, Ag_ > 90dB 70 500 * * mv
Over Temperature R_= 5k, Ag > 90dB 500 * mv
Short-Circuit Current Ise 45 * mA
Capacitive Load Drive Cuon See Text * oF
POWER SUPPLY
Specified Voltage Range Ve 23 55 * %
Minimum Operating Voltage 21 * v
Quiescent Current (per amplier) Iy 1o=0 20 32 * * uA
Over Temperature 15=0 36 * uA
TEMPERATURE RANGE
Specified Range -40 +85 * * i€
Operating Range. -55 +125 * * “c
Storage Range -55 +125 * * °c
Thermal Resistance 0,
SOT-23-5 Surface-Mount 200 * °cw
MSOP-8 Surface-Mount 150 * °cw
50-8 Surface-Mount 150 * °cw
oIP-8 100 * °cw
SSOP-16 Surface-Mount 100 * W
DIP-14 80 * °CW.

*#Specifications same as OPA2336E, P, U
NOTES: (1) Vs = +5V. (2) Output voltage swings are measured between the output and positive and negative power-supply rails.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
1o responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any ofthe circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems

{i’
TeExAs OPA336, 2336, 4336
INSTRUMENTS $B0S068A
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ABSOLUTE MAXIMUM RATINGS™

Supply Voltage 7.5V,
Signal Input Terminals, Voltage? (V=) =03V to (V) +0.3V

Current® 10mA
Output Short-Circuit'® Continuous

Operating Temperature

Storage Temperature

Junction Temperature

Lead Temperature (soldering, 10s)

~55°C to +125°C

NOTES: (1) Stresses above these ratings may cause permanent damage
Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only. Functional opera-
tion of the device at these conditions, or beyond the specified operating
conditions, is not implied. (2) Input terminals are diode-clamped to the power
supply rails. Input signals that can swing more than 0.3V beyond the supply
rails should be current-imited to 10mA or less. (3) Short-circuit o ground,
one amplifier per package.

PACKAGE/ORDERING INFORMATION

# ELECTROSTATIC
AUA DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

PACKAGE SPECIFIED
DRAWING | TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER RANGE MARKING NUMBER(") MEDIA
single
OPA336NA SOT-23-5 331 —40°C to +85°C A3 OPA336NA250 Tape and Reel
* % » * * OPA336NA/3K Tape and Reel
OPA336N SOT-23-5 331 ~40°C 10 +85°C A3 OPA336N/250 Tape and Reel
" " " " " OPA336N/3K Tape and Reel
OPA336PA DIP-8 006 ~40°C to +85°C OPA336PA OPA336PA Rails
OPA336P b * i OPA336P (OPA336P Rails
OPA336UA SO-8 Surface-Mount 182 —40°C to +85°C OPA336UA OPA336UA Rails®¥
OPA336U " " " OPA336U OPA336U Rails®
Dual
OPA2336PA DIP-8 006 ~40°C to +85°C OPA2336PA OPA2336PA Rails
OPA2336P " " " (OPA2336P (OPA2336P Rails
OPA2336UA SO-8 Surface-Mount 182 —40°C to +85°C OPA2336UA OPA2336UA Rails®
OPA2336U . ’ . OPA2336U OPA2336U Rails®)
OPA2336EA MSOP-8 Surface-Mount 337 ~40°C to +85°C B362) OPA2336EA/250 | Tape and Reel
. s » x L OPA2336EA/2K5 |  Tape and Reel
OPA2336E MSOP-8 Surface-Mount 337 ~40°C to +85°C 8362 OPA2336E/250 Tape and Reel
. . . E E OPA2336E/2KS Tape and Reel
Quad
OPA4336EA SSOP-16 Surface-Mount 322 ~40°C to +85°C OPA4336EA OPA4336EA/250 | Tape and Reel
. . . . . OPA4336EAIK5 |  Tape and Reel
OPA4336PA DIP-14 010 —40°C to +85°C OPA4336PA OPA4336PA Rails

NOTES: (1) Models with a slash (/) are available only in Tape and Reel in the quantities indicated (.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces
of “OPA336NA/3K" will get a single 3000 piece Tape and Reel. (2) Grade will be marked on the Reel. (3) SO-8 models also available in Tape and Reel

OPA336, 2336, 4336 U

SBOS068A

TEXAS
INSTRUMENTS
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TYPICAL PERFORMANCE CURVES

ALT, = +25°C, Vi = +5V, and R, = 25kS2 connected to Vs/2, unless otherwise noted,
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TYPICAL PERFORMANCE CURVES (cont.)

ALT, = +25°C, Vg = +5V, and R, = 25k connected o V/2, unless otherwise noted.

INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY
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CHANNEL SEPARATION vs FREQUENCY

Dual and Quad devices, G = 1, all

|- channels. Quad measured channel A
to D or B to C—other combinations
yield improved rejection.
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TYPICAL PERFORMANCE CURVES (cont.)

ALT, = +25°C, Vs = +5V, and R, = 25kQ2 connected to Vs/2, unless otherwise noted
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APPLICATIONS INFORMATION

OPA336 serics op amps are fabricated on a state-of-the-art
0.6 micron CMOS process. They are unity-gain stable and
suitable for a wide range of general-purpose applications.
Power-supply pins should be bypassed with 0.01uF ceramic
capacitors. OPA336 scries op amps are protected against
reverse battery volt:

OPERATING VOLTAGE

OPA336 series op amps can operate from a +2.1V to +5.5V
single supply with excellent performance. Most behavior
remains unchanged throughout the full operating voltage
. Parameters which vary significantly with operating
are shown in the typical performance curves. OPA336
serics op amps are fully specified for operation from +2.3V
to +5.5V: a single limit applics over the supply range. In
addition, many parameters arc guaranteed over the specified
temperature range, —40°C to +85°C.

INPUT VOLTAGE

The input common-mode range of OPA336 series op amps
extends from (V=) = 0.2V to (V+) 1V. For normal
operation, inputs should be limited to this range. The
absolute maximum input voltage is 300mV beyond the
supplies. Thus, inputs greater than the input
common-mode range but less than maximum input volt-
age, while not valid, will not cause any damage to the op
amp. Furthermore, the inputs may go beyond the power
supplics without phase inversion, as shown in Figure 1,
unlike some other op amps.

FIGURE 1. No Phase Inversion with Inputs Greater than the
Power-Supply Voltage.

OPA336, 2336, 4336 U

SBOS068A

TEXAS
INSTRUMENTS

Normally, input bias current is approximately 1pA. How-
cver, input voltages exceeding the power supplies can
causc excessive current to flow in or out of the input pins.
Momentary voltages greater than the power supply can be
s the current on the input pins is limited
to 10mA. This is casily accomplished with an input resis-
tor, as shown in Figure 2.

tolerated as long

loverLoao
10mA max

FIGURE 2. Input Current Protection for Voltages Exceeding
the Supply Voltage.

CAPACITIVE LOAD AND STABILITY

OPA336 scrics op amps can drive a wide range of capaci-
tive loads. However, all op amps under certain conditions
may become unstable. Op-amp configuration, gain, and
load value are just a few of the factors to consider when
determining stability.

When properly configured, OPA336 serics op amps can
drive approximately 10,000pF. An op amp in unity-gain
configuration is the most vulnerable to capacitive load. The

capacitive load reacts with the op amp’s output resistance,
along with any additional load resistance, to create a pole in
the response which degrades the phase margin. In unity gain,
OPA336 serics op amps perform well with a pu
load up to about 300pF. Increasing gain cnhances the
amplifier’s ability to drive loads beyond this level.

One method of improving capacitive load drive in the
unity-gain configuration is to insert a 50 to 100€ resistor
inside the feedback loop, as shown in Figure 3. This reduces
ringing with large capacitive loads while maintaining DC

FIGURE 3. Serics Resistor in Unity-Gain Configuration
Improves Capacitive Load Drive.
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accuracy. For example, with R, = 25k, OPA336 serics op
amps perform well with capacitive loads in excess of 1000pF,
s shown in Figure 4. Without Rg, capacitive load drive is
typically 350pF for these conditions, as shown in Figure 5.

Rg = 1000, Load = 2kQ2 || 1000pF, Vg = +5V.

20mVidiv

50us/div

FIGURE 4. Small-Signal Step Response Using Series Re-
sistor to Improve Capacitive Load Drive.
Alternatively, the resistor may be connected in series with
the output outside of the feedback loop. However, if there is
a resistive load parallel to the capacitive load, it and the

series resistor create a voltage divider. This introduces a

8 {9 TeExAs
INSTRUMENTS

Direct Current (DC) error at the output, however, this error
may be insignificant. For instance, with Ry = 100k and
Rg = 100€Q. there is only about a 0.1% error at the output.

Figure 5 shows the recommended operating regions for the
OPA336. Decreasing the load cnerally improves
capacitive load drive. Figure 5 also illustrates how stability
differs depending on where the resistive load is connected.
With G=+1and R = 10kQ connected to Vg/2, the OPA336
can typically drive 500pF. Connecting the same load to
around improves capacitive load drive to 1000pF.

stance

10k
Operation Above Selected Gain-|
\ Curve Not Recommended
— G=+2
T
& - G=1 |_R_ to Ground
E] Ry to Ground
o)
2 1k —— i
g
3
6=+ |
R toVg/2 Vg =45V, Vg = Vg2
100 RS i
5 10 100
Resistive Load (k&)

FIGURE 5. Stability—Capacitive Load vs Resistive Load.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated
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MICA2

WIRELESS MEASUREMENT SYSTEM

* 3rd Generation, Tiny, Wireless
Platform for Smart Sensors

* Designed Specifically for Deeply
Embedded Sensor Networks

* > 1 Year Battery Life on AA
Batteries (Using Sleep Modes)

* Wireless Communications with
Every Node as Router Capability

* 868/916 MHz Multi-Channel
Radio Transceiver

* Expansion Connector for Light,
Temperature, RH, Barometric
Pressure, Acceleration/Seismic,
Acoustic, Magnetic and other
MEMSIC Sensor Boards

Applications
* Wireless Sensor Networks

* Security, Surveillance and
Force Protection

* Environmental Monitoring

* Large Scale Wireless Networks
(1000+ points)

* Distributed Computing Platform

51-Pin Expansion Connector —|

Antenna

MMCX
Connector

MPR400 Block Diagram

Phone: 408.964.9700 Fax:

MICA2

The MICA2 Mote is a third genera-
tion mote module used for enabling
low-power, wireless, sensor networks.
The MICA2 Mote features several new
improvements over the original MICA
Mote. The following features make the
MICA2 better suited to commercial de-
ployment:

868/916 MHz multi-channel
transceiver with extended range

Supported by MoteWorks™ wireless
sensor network platform for reliable,
ad-hoc mesh networking

Support for wireless remote
reprogramming

* Wide range of sensor boards and
data acquisition add-on boards

MoteWorks enables the development
of custom sensor applications and is
specifically optimized for low-power,
battery-operated networks. MoteWorks
is based on the open-source TinyOS
operating system and provides reliable,
ad-hoc mesh networking, over-the-
air-programming capabilities, cross
development tools, server middleware
for enterprise network integration and
client user interface for analysis and
configuration

408.324.4841

E-mail: infoca@memsic.com

Processor and Radio

Platform (MPR400)

The MPR40O0 is based on the Atmel
ATmegal128L. The ATmega128L is
a low-power microcontroller which
runs MoteWorks from its internal
flash memory. A single processor
board (MPR400) can be configured
to run your sensor application/pro-
cessing and the network/radio
communications stack simultane-
ously. The MICA2 51-pin expansion
connector supports Analog Inputs,
Digital I/0, 12C, SPI and UART inter-
faces. These interfaces make it easy
to connect to a wide variety of exter-
nal peripherals.

Sensor Boards

MEMSIC offers a variety of sensor and
data acquisition boards for the MICA2
Mote. All of these boards connect to
the MICA2 via the standard 51-pin
expansion connector. Custom sensor
and data acquisition boards are also
available. Please contact MEMSIC for
additional information

www.memsic.com
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Processor Performance

Program Flash Memory 128K bytes
Measurement (Serial) Flash | 512K bytes >100,000 Measurements
Configuration EEPROM 4K bytes
Serial Communications UART 0-3V transmission levels
Analog to Digital Converter | 10 bit ADC 8 channel, 0-3V input
Other Interfaces DIO, 2C,5PI
Current Draw 8mA Active mode
<15uA Sleep mode
Multi-Channel Radio
Center Frequency 868/916 MHz 1SM bands
Number of Channels 4/50 Programmable, country specific
Data Rate 38.4 Kbaud Manchester encoded
RF Power 200 45 dBm Programmable, typical
Receive Sensitivty -08 dBm Typical, analog RSS at AD Ch. 0
Outdoor Range 500 ft 1/4 Wave dipole, line of sight
Current Draw 27 mA Transmit with maximum power
10mA Receive
<1pA Sleep
Electromechanical
Battery 2X AA batteries | Attached pack
External Power 27-33V Connector provided
User Interface 3LEDs. User programmable
Size (in) 225x1.25x0.25 | Excluding battery pack
(mm) 58x32x7 Excluding battery pack
Weight (oz) 07 Excluding batteries
(grams) 18 Excluding batteries
Expansion Connector 51-pin All major O signals

Notes: Specifications subject to change without notice

Base Stations

A base station allows the aggregation of sensor network data onto a PC or

other computer platform. Any MICA2 Mote can function as a base station when
it is connected to a standard PC interface or gateway board. The MIB510/MIB520
provides a serial/USB interface for both programming and data communications.
MEMSIC also offers a stand-alone gateway solution, the MIB600 for
TCP/IP-based Ethernet networks.

Ordering Information

MIB520 Mote Interface Board

I-START900CA MICA2 Starter Kit 868/916 MHz
WSN-PROSOOCA MICA2 Professional Kit 868/916 MHz
MPR400CB 8681916 MHz Processor/Radio Board
MEMSIC Inc. San Jose, California www.memsic.com 6020-0042-09 Rev A
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MIB520

USB INTERFACE BOARD

* Base Station for Wireless
Sensor Networks

* USB Port Programming for
IRIS/MICAZ/MICA2 Hardware
Platforms

* Supports JTAG code debugging

* USB Bus Power
Applications

* USB Interface

* Testbed Deployments

* In-System Programming

USB Port

Document Part Number: 6020-0091-04 Rev A

Phone: 408.964.9700

:408.324.4841

MEM

MI1B520CB

The MIB520CB provides USB
connectivity to the IRIS and MICA
family of Motes for communication
and in-system programming. Any IRIS/
MICAZ/MICA2 node can function as
a base station when mated to the
MIB520CB USB interface board. In
addition to data transfer, the
MIBS520CB also provides a USB
programming interface

The MIB520CB offers two separate
ports: one dedicated to in-system
Mote programming and a second for
data communication over USB.The
MIB520CB has an on-board proces-
sor that programs Mote Processor
Radio Boards. USB Bus power elimi-
nates the need for an external power
source.

Specifications

USB Interface

* Baud Rate: 57.6 K

* Male to Female USB cable
(included with unit)

Mote Interface
* Connectors:
-51-pin
« Indicators:
- Mote LED's: Red Green, Yellow

Programming Interface
o Indicators.
- LEDs - Power Ok (Green),
Programming in Progress (Red)
* Switch to reset the programming
processor and Mote

Jtag Interface

* Connector: 10-pin male header
POWER

* USB Bus powered

Ordering Information

ption

MIB520CB USB PC Interface Board

E-mail: infoca@memsic.com

www.memsic.com
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6 MDA100CA/MDA100CB

MD100CA and MDA100CB have the same content in this chapter except for some minor
changes.

The MDA100 series sensor boards have a precision thermistor, a light sensor/photocell, and
general prototyping area. The prototyping area supports connection to all eight channels of the
Mote’s analog to digital converter (ADC0-7), both USART serial ports and the 12C digital
communications bus. The prototyping area also has 45 unconnected holes that are used for
breadboard of circuitry.

6.1.1 Thermistor

The thermistor, (Y SI 44006, http://www.ysi.com) sensor is a highly accurate and highly stable
sensor element. With proper calibration, an accuracy of 0.2 °C can be achieved. The thermistor’s
resistance varies with temperature. (See Table 6-1 and the resistance vs. temperature graph in
Figure 6-3) This curve, although non-linear, is very repeatable. The sensor is connected to the
analog-digital converter channel number 1 (ADC1) thru a basic resistor divider circuit. In order
to use the thermistor, the sensor must be enabled by setting digital control line INT2 high. See
the Figure 6-1 below.

Table 6-1. Thermistor Specifications
Type YSI144006
Time Constant | 10 seconds, still air
Base Resistance 10 kQ at 25 °C
Repeatability 0.2°C

INT2

RT1
ADC1

10K, 1%

Figure 6-1(a). Schematic of the Thermistor on MDA100CA

PWO

RT1

ADC1

10K, 1%

Doc. # 7430-0020-05 Rev. A Page 21
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Figure 6-2(b). Schematic of the Thermistor on MDA100CB
Table 6-2. Resistance vs. Temperature, ADC1 Reading

Temperature Resistance ADCS5 Reading
(°C) (Ohms) (% of VCC)
-40 239,800 4%
-20 78,910 11%
0 29,940 25%
25 10,000 50%
40 5592 64%
60 2760 78%
70 1990 83%

Resistance (RT1 Ohms)

Temperature (Deg. C)
Figure 6-3. Resistance vs. Temperature Graph

6.2 Conversion to Engineering Units

The Mote’s ADC output can be converted to Kelvin using the following approximation over 0 to
50°C:
UT(K)=a+b = In(Ryy) + ¢ * [In(R)]*
where:
Rur = RI(ADC_FS-ADC)/ADC
a=0.001010024
b =0.000242127
¢ =0.000000146
R1=10kQ
ADC_FS =1023, and
ADC = output value from Mote’s ADC measurement.
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6.3 Light Sensor

The light sensor is a simple CdSe photocell. The maximum sensitivity of the photocell is at the
light wavelength of 690 nm. Typical on resistance, while exposed to light, is 2 k€. Typical off
resistance, while under dark conditions, is 520 kQ. In order to use the light sensor, digital control
signal PW1 must be turned on. The output of the sensor is connected to the analog-digital
converter channel 1 (ADC1). When there is light, the nominal circuit output is near VCC or full-
scale, and when it is dark the nominal output is near GND or zero. Power is controlled to the
light sensor by setting signal INT2.

INT1

R2
ADC1

10k, 1%

Figure 6-4. Schematic of the light sensor

6.4 Prototyping Area

The prototyping area is a series of solder holes and connection points for connecting other
sensors and devices to the Mote. The prototyping area layout is shown in the diagram and tables
below.

Doc. # 7430-0020-05 Rev. A Page 23




image133.jpeg
Cl'OSSb’W MTS/MDA Sensor Board User’s Manual

Table 6-3. Connection Table for MDA100. Use the photo (top view) below the table to locate the pins.

A B C D El E
1 GND GND GND vece vce vee
2 | OPEN | OPEN USART1_CK INT3 ADC2 PWO
3 | OPEN | OPEN UARTO_RX INT2" ADC1" PwW1*
4 | OPEN | OPEN UARTO_TX INT1 ADCO" PW2
5 | OPEN | OPEN SPI_SCK INTO THERM_PWR PW3
6 | OPEN | OPEN | USART1_RX | BAT_MON THRU1 PW4
7 OPEN | OPEN USART1_TX LED3 THRU2 PW5
8 | OPEN | OPEN 12C_CLK LED2 THRU3 PW6
9 | OPEN | OPEN 12C_DATA LED1 RSTN ADC7
10 | OPEN | OPEN PWMO RD PWM1B ADC6
11 | OPEN | OPEN PWM1A WR OPEN ADC5
12 | OPEN | OPEN AC+ ALE OPEN ADC4
13 | OPEN | OPEN AC- PW7 OPEN ADC3
14 | GND GND GND vce vce vece
15 | OPEN | OPEN OPEN OPEN OPEN OPEN
16 | OPEN | OPEN OPEN OPEN OPEN OPEN
17 | OPEN | OPEN OPEN OPEN OPEN OPEN

*Shared functionality

& WARNING: Never connect signals that are greater than VCC (3V typical) or less than 0 V
to any of the holes that connect to the Mote Processor Radio board. It is okay to connect
different voltages to the non-connected holes. However, be careful. If a voltage out of the
range of 0 to Vce should reach the Mote Processor Radio Board damage will occur.
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microPower, Single-Supply, CMOS
Instrumentation Amplifier

FEATURES APPLICATIONS

® LOW QUIESCENT CURRENT: 40uA/channel ® [NDUSTRIAL SENSOR AMPLIFIERS:
Shut Down: < 1uA Bridge, RTD, Thermistor, Position
® HIGH GAIN ACCURACY: G = 5, 0.02%, ® PHYSIOLOGICAL AMPLIFIERS:
2ppm/°C ECG, EEG, EMG
® GAIN SET WITH EXTERNAL RESISTORS ® A/D CONVERTER SIGNAL CONDITIONING
® LOW OFFSET VOLTAGE: +200uV ® DIFFERENTIAL LINE RECEIVERS WITH GAIN
® HIGH CMRR: 94dB ® FIELD UTILITY METERS
® LOW BIAS CURRENT: 10pA ® PCMCIA CARDS
® BANDWIDTH: 500kHz, G = 5VIV ® COMMUNICATION SYSTEMS
® RAIL-TO-RAIL OUTPUT SWING: (V+) - 0.02V ® TEST EQUIPMENT
® WIDE TEMPERATURE RANGE: ® AUTOMOTIVE INSTRUMENTATION
-55°C to +125°C
® SINGLE VERSION IN MSOP-8 PACKAGE AND
DUAL VERSION IN TSSOP-14 PACKAGE CMRR v FREQUENCY

120

DESCRIPTION

The INA321 family is a series of rail-to-rail output
micropower CMOS instrumentation amplifiers that offer
wide-range, single-supply, as well as bipolar-supply
operation. The INA321 family provides low-cost, low-noise
amplification of differential signals with micropower
current consumption of 40uA. When shutdown, the
INA321 has a quiescent current of less than 1pA.
Returning to normal operations within microseconds, the 40
shutdown feature makes the INA321 optimal for 10 100 1k 10k
low-power battery or multiplexing applications. Frequency (Hz)

Configured internally for 5V/V gain, the INA321 offers
exceptional flexibility with user-programmable external
gain resistors. The INA321 reduces common-mode error
over frequency and with CMRR remaining high up to 3kHz,
line noise and line harmonics are rejected.

The low-power design does not compromise on bandwidth
or slew rate, making the INA321 ideal for driving sample
Analog-to-Digital  (A/D) converters as well as
general-purpose applications. With high precision, low
cost, and small packaging, the INA321 outperforms
discrete designs, while offering reliability and
performance.

INA321
~ T\

& T fio
Nearest

Competition

72

Improvement

CMRR (dB)

60

Gain = 5 + 5(R2IR1)

Vour = (Vins — Vin) » Gain

Shutdown Ve v-

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas Instruments
semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Products i Copyright © 2000-2006, Texas Instruments Incorporated
conform to specifications per the terms of Texas Insiruments standard warranty. TexAs
INSTRUMENTS

Production processing does nol necessarly include testing of all parameters.
www.ti.com
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ABSOLUTE MAXIMUM RATINGS(1)

Supply Voltage, V+to V- 7.5V
Signal Input Terminals Voltage(2) ... (V-) - (0.5V) to (V+) + (0.5V)

Current(2) .................... 10mA
Outptit Short-Circult(3) ...vovnvanavsiuvvvivsiinns Continuous
Operating Temperature ...................... -65°C to +150°C
Storage Temperature ........................ -65°C to +150°C
JUNCtiON TeMPErature . .. ... vveeeieeeiieeiieeees +150°C

(1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods
may degrade device reliability. These are stress ratings only, and
functional operation of the device at these or any other conditions
beyond those specified is not supported

(2) Input terminals are diode-clamped to the power-supply rails.
Input signals that can swing more than 0.5V beyond the supply
rails should be current limited to 10mA or less.

(3) Short-circuit to ground, one amplifier per package.

PACKAGE/ORDERING INFORMATION(1)

AflA ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas Instruments
recommends that all integrated circuits be handled with appropriate
precautions. Failure to observe proper handling and installation
procedures can cause damage.

ESD damage can range from subtle performance degradation to
complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could
cause the device not to meet its published specifications.

SPECIFIED
PACKAGE PACKAGE | ORDERING TRANSPORT
PRODUCT | PAGKAGE-LEAD' | nesiGNaToR TEM:E:}QLURE MARKING NUMBER MEDIA, QUANTITY
SINGLE
INA321E MSOP-8 DGK -55:C to +125°C c21 INA321E/250 | Tape and Reel, 250
4 d 4 o 7 INA321E/2K5 | Tape and Reel, 2500
INA321EA MSOP-8 DGK -55°C to +125°C c21 INA321EA/250 | Tape and Reel, 250
£ & % & Ll INA321EA/2K5 | Tape and Reel, 3000
DUAL
INA2321EA TSSOP-14 PW -55'Ct0+125°C | INA2321EA | INA2321EA250 | Tape and Reel, 250
i & 2 & i INA2321EA/2K5 | Tape and Reel, 2500

PIN CONFIGURATIONS

(1) For the most current package and ordering information, see the Package Option Addendum located at the end of this data sheet.

Top View

INA321

(e}

RG |1 E‘Shuldown
[
V-|4 E‘REF

MSOP-8 (E, EA)

INA2321
[©]
RGA E E Shutdown A
VitA E E‘ REFA
= E E‘ V4
VintB E % REFB
VB |6 9| VourB
RGB E E‘ Shutdown B

Dual, TSSOP-14 (EA)
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ELECTRICAL CHARACTERISTICS: Vg = +2.7V to +5.5V
BOLDFACE limits apply over the specified temperature range, Tp = -55°C to +125°C.
ALTA = +25°C, R| = 25kQ, G = 25, and |5 common = Vs/2, unless otherwise noted

INA321EA
INAS21E INA2321EA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT
INPUT
Input Offset Voltage, RTI Vg = +5V 202 205 » 1 my
Over Temperature Vos 22 25 my
vs Temperature dVog/dT 7 B wvrc
vs Power Supply PSRR Vg =427V 10 45,5V 50 £200 . . v
Over Temperature 2220 B v
Long-Term Stability 204 » uV/month
Input Impedance 10133 - Q|lpF
Input Common-Mode Range Vg =27V 035 15 - - v
Vg =5V 055 38 . . v
C"R";;gz; ::‘“de CMRR | Vg =5V, Vg = 0.55V to 3.8V 9 9 80 . dB
Over Temperature Vg =5V, Vo = 0.5V to 3.8V 7 75 B
Vg =27V, Vom =035V to 1.5V 94 . a8
Crosstalk, Dual 110 * a8
INPUT BIAS CURRENT
Bias Current I8 05 10 N N pA
Offset Current los 05 10 N N pA
NOISE, RTI en Rg=0Q
Voltage Noise: f = 10Hz 500 * nvARz
1= 100Hz 190 * nVAFZ
1= 1kHz 100 * ACH
1=0.1Hz 10 10Hz 20 * Wpp
Current Noise: f = kHz 3 . ANz
GAIN(T)
Gain Equation, Externally Set G>5 G=5+5(R2R1) .
Range of Gain 5 1000 - . v
Gain Error £0.02 0.1 » . %
vs Temperature G= w2 10 N N ppmIC
Nonlinearity G =25,Vg =5V, Vo = 00510 4.95 £0.001 0.010 . . % of FS
Over Temperature £0.002 0.015 ; « % of FS
OUTPUT
Output Voltage Swing from Rail(2. 5) G210 50 25 * . mv
Over Temperature 50 B my
Capacitance Load Drive See Typical Characteristic(3) » PF
Short-Circuit Current +Isc 8
-lsc 16 - mA

NOTE: * Specification is same as INA321E.

(1) Does not include errors from external gain setting resistors.

(2) Output voltage swings are measured between the output and power-supply rails.
(3) See typical characteristic Percent Overshoot vs Load Capacitance.

(4) see typical characteristic Shutdown Voltage vs Supply Voltage.

(5) Output does not swing to positive rail if gain is less than 10.
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ELECTRICAL CHARACTERISTICS: Vg = +2.7V to +5.5V (continued)
BOLDFACE limits apply over the specified temperature range, Tp = —55°C to +125°C.
ALTA = +25°C, R|_ = 25kQ, G = 25, and |5 common = Vs/2, unless otherwise noted
INA321EA
AsE INA2321EA
PARAMETER CONDITIONS MIN TYP MAX MIN TP MAX UNIT
FREQUENCY RESPONSE
Bandwidth, ~3dB BW G=5 500 * kHz
Slew Rate SR Vg=5V,G=25 04 * Vigs
Settling Time, 0.1% ts | G=5CL=50F Vo=2Vstep 8 * us
0.01% 12 - us
Overload Recovery 509% Input Overioad G = 25 2 * us
POWER SUPPLY
Specified Voltage Range w27 +55 - » v
Operating Voltage Range +2510455 . v
Quiescent Current 16 per Channel, Vgp > 2.5(4) 40 60 . * uA
Over Temperature 70 - A
Shutdown Quiescent Current I per Channel, Vgp > 0.8(4) 0.01 1 - - HA
TEMPERATURE RANGE
Specified Range -55 +125 - - c
Operating/Storage Range -65 +150 . * &
Tromal Resisance aa|  MSOPeTSSORMA i . o

NOTE:  * Specification is same as INA321E.
(1) Does not include errors from external gain setting resistors.

(2) Output voltage swings are measured between the output and power-supply rails.
(3) See typical characteristic Percent Overshoot vs Load Capacitance.

(4) See typical characteristic Shutdown Voltage vs Supply Voltage.

(5) Output does not swing to positive rail if gain is less than 10.
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TYPICAL CHARACTERISTICS
AtTA = +25°C, Vg = 5V, VoM =1/2Vg, R = 25k and C|_ = 50pF, unless otherwise noted.

Gain (dB)

PSRR (dB)

10k
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3
8
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40
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20
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0
-10
100 K 10k 100k M 10M
Frequency (Hz)
POWER-SUPPLY REJECTION RATIO
vs FREQUENCY
100
9
80 a1
70 NG
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0
10 100 K 10k 100k
Frequency (Hz)
NOISE vs FREQUENCY
10
I I
T
- 1
01
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Frequency (Hz)

INaise (fANHZ)

CMRR (dB)

Maximum Output Voltage (Vpp)

2 2 = 3 B
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10uvidiv
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10 100 1k 10k 100k
Frequency (Hz)
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TYPICAL CHARACTERISTICS (continued)

AtTA = +25°C, Vg = 5V, Vo =1/2Vs, R(_ = 25k, and C_ = 50pF, unless otherwise noted
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TYPICAL CHARACTERISTICS (continued)
AtTa = +25°C, Vg = 5V, VoM =1/2Vs, R(_ = 25k, and C|_ = 50pF, unless otherwise noted

SMALL-SIGNAL STEP RESPONSE (G = 5)

100mVidiv

100mV/div

50mV/div

L S e

10us/div

SMALL-SIGNAL STEP RESPONSE
(G =5.C, = 1000pF)

10us/div

SMALL-SIGNAL STEP RESPONSE
(G =100, C_= 5000pF)

50us/div

SMALL-SIGNAL STEP RESPONSE (G = 100)

L —

50mVidiv

50mV/div

1Vidiv

50us/div

SMALL-SIGNAL STEP RESPONSE
(G =100, C,_= 1000pF)

1

i

50us/div

LARGE-SIGNAL STEP RESPONSE
(G =25, C_=50pF)
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50us/div





image87.jpeg
INA321 ;

INA2321 TEXAS
INSTRUMENTS
‘www.ti.com
SBOS168D - DECEMBER 2000 - REVISED JANUARY 2006
TYPICAL CHARACTERISTICS (continued)
AUTA = +25°C, Vg = 5V, VoM =1/2Vs, R|_ = 25k, and C|_ = 50pF, unless otherwise noted.
SETTLING TIME vs GAIN PERCENT OVERSHOOT vs LOAD CAPACITANCE
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TYPICAL CHARACTERISTICS (continued)
AtTA = +25°C, Vg = 5V, VoM =1/2Vg, RL = 25k and C|_ = 50pF, unless otherwise noted.
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APPLICATIONS INFORMATION

The INA321 is a modified version of the classic two op amp
instrumentation amplifier, with an additional gain amplifier.

Figure 1 shows the basic connections for the operation of
the INA321 and INA2321. The power supply should be
capacitively decoupled with 0.1uF capacitors as close to
the INA321 as possible for noisy or high-impedance
applications.

The output is referred to the reference terminal, which
must be at least 1.2V below the positive supply rail.

OPERATING VOLTAGE

The INA321 family is fully specified over a supply range of
+2.7V to +5.5V, with key parameters assured over the
temperature range of -55°C to +125°C. Parameters that
vary significantly with operating conditions, such as load
conditions or temperature, are shown in the Typical
Characteristics.

The INA321 may be operated on a single supply. Figure 2
shows a bridge amplifier circuit operated from a single +5V
supply. The bridge provides a small differential voltage
riding on an input common-mode voltage.

G=5+5(R,/R,)
Short Vo to RG DES'RS,?/ GAIN & i
R, forG=5 R, (W) il 2
e s G e S T""v\/\/‘""“ 5 OPEN [SHORT
i 'RG i 10 100k2 | 100k
! [1 { 50 10kQ | 90k
|
| o b ! 100 10k | 190k
REF O—— |
160k |
|
|
|
|
40k G
v o2l > PP—4—oVo= (Vist) - (Vi) + ©
= O S
Vit o2 +
Also drawn in simplified form
8 7 4 v+
Shutdown
Shutdown (For Single i Vit o—2
0.1uF Supply) 0.1uF
- -+ L REF o—3] o Vour
v+ V-
Vi o—2l =™ Lsiand
V- RG
Figure 1. Basic Connections
5V
V¥ o shutdown
7
€6
REF o5l 1NA321 >890 Vour
Ve | T &
5 L ]
v- NOTE: (1) REF should be adjusted for the desired output level,
RG keeping in mind that the value of REF affects the common-mode
input range. See Typical Characteristics

Figure 2. Bridge Amplifier of the INA321
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SETTING THE GAIN

The ratio of R, to Ry, or the impedance between pins 1, 5,
and 6, determines the gain of the INA321. With an
internally set gain of 5, the INA321 can be programmed for
gains greater than 5 according to the following equation:

G=5+5 (Ry/Ry)

The INA321 is designed to provide accurate gain, with gain
error assured to be less than 0.1%. Setting gain with
matching TC resistors will minimize gain drift. Errors from
external resistors will add directly to the gain error, and
may become dominant error sources.

INPUT COMMON-MODE RANGE

The upper limit of the common-mode input range is set by
the common-mode input range of the second amplifier, A2,
to 1.2V below positive supply. Under most conditions, the
amplifier operates beyond this point with reduced
performance. The lower limit of the input range is bounded
by the output swing of amplifier A1, and is a function of the
reference voltage according to the following equation:

Vot = 5/4 Vey — 1/4 Vege

(See Typical Characteristics for Input Common-Mode
Range vs Reference Voltage).

REFERENCE

The reference terminal defines the zero output voltage
level. In setting the reference voltage, the common-mode
input of A3 should be considered according to the following
equation:

Vonz = Vrer + 5 (Vint = Vin-)

For optimal operation, Voa, should be less than
Vpp - 1.2V,

The reference pin requires a low-impedance connection.
As little as 1602 in series with the reference pin will
degrade the CMRR to 80dB. The reference pin may be
used to compensate for the offset voltage (see Offset
Trimming section). The reference voltage level also
influences the common-mode input range (see
Common-Mode Input Range section).

INPUT BIAS CURRENT RETURN

With a high input impedance of 1013, the INA321 is ideal
for use with high-impedance sources. The input bias
current of less than 10pA makes the INA321 nearly
independent of input impedance and ideal for low-power
applications.

For proper operation, a path must be provided for input
bias currents for both inputs. Without input bias current
paths, the inputs will float to a potential that exceeds
common-mode range and the input amplifier will saturate.

Figure 3 shows how bias current path can be provided in
the cases of microphone applications, thermistor
applications, ground returns, and dc-coupled resistive
bridge applications.

v+
Shutdown

Microphone,
Hydrophone,
etc.

V* Shutdown

Transformer ‘

Center-tap
provides bias
current return

Vo) v-

V,
Bridge B

Amplifier

Bridge
Sensor

Y Shutdown
e

s
INA321 P e Voyr

NOTE: (1) Vy is bias voltage within
common-mode range, dependent
on REF.

V- R Bridge resistance
provides bias
current return

Figure 3. Providing an Input Common-Mode Path

When differential source impedance is low, the bias
current return path can be connected to one input. With
higher source impedance, two equal resistors will provide
a balanced input. The advantages are lower input offset
voltage due to bias current flowing through the source
impedance and better high-frequency gain.

"
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OUTPUT BUFFERING

The INA321 is optimized for a load impedance of 10k or
greater. For higher output current the INA321 can be
buffered using the OPA340, as shown in Figure 4. The
OPA340 can swing within 50mV of the supply rail, driving
a600Q2 load. The OPA340 is available in the tiny MSOP-8
package.

+5V
|
IOH\F
N V* o Shutdown I Lone
I
3

Vour

Figure 4. Output Buffering Circuit. Able to drive
loads as low as 600Q.

SHUTDOWN MODE

The shutdown pin of the INA321 is nominally connected to
V+. When the pin is pulled below 0.8V on a 5V supply, the
INA321 goes into sleep mode within nanoseconds. For
actual shutdown threshold, see the Typical Characteristic
curve, Shutdown Voltage vs Supply Voltage. Drawing less
than 1pA of current, and returning from sleep mode in
microseconds, the shutdown feature is useful for portable
applications. Once in sleep-mode, the amplifier has high
output impedance, making the INA321 suitable for
multiplexing.

RAIL-TO-RAIL OUTPUT

A class AB output stage with common-source transistors
is used to achieve rail-to-rail output for gains of 10 or
greater. For resistive loads greater than 25k, the output
voltage can swing to within a few millivolts of the supply rail
while maintaining low gain error. For heavier loads and
over temperature, see the Typical Characteristic curve,
Output Voltage Swing vs Output Current. The INA321's

low output impedance at high frequencies makes it
suitable for directly driving Capacitive Digital-to-Analog
(CDAC) input A/D converters, as shown in Figure 5.

+§V
© Shutdown
8 8 Vour ADs7818 | 12-Bits
- or
1 | ADST7822
booeoct
RG
= fs < 100kHZ

Figure 5. INA321 Directly Drives a
Capacitive-Input, A/D Converter

OFFSET TRIMMING

The INA321 is laser-trimmed for low offset voltage. In the
event that external offset adjustment is required, the offset
can be adjusted by applying a correction voltage to the
reference terminal. Figure 6 shows an optional circuit for
trimming offset voltage. The voltage applied to the REF
terminal is added to the output signal. The gain from REF
to Vour is +1. An op-amp buffer is used to provide low
impedance at the REF terminal to preserve good
common-mode rejection.
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NOTE: (1) REF should be adjusted for the desired output level
The value of REF affects the common-mode input range.

Figure 6. Optional Offset Trimming Voltage





