Filtering Noise Frequencies Using Notch Filters
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INTRODUCTION



Electronic devices and circuits are subject to measurement interference from outside sources due to noise.  High pass filters combine capacitors and resistors in series to allow frequencies above a certain limit to pass through the circuit, attenuating frequencies that are lower than this defined limit.  Low pass filters switch the order of resistors and capacitors and work in a reverse manner, attenuating frequencies of high magnitude and passing frequencies of low magnitude.  Combinations of low and high pass filters can create band stop and band pass filters.  Band stop filters, also known as Notch filters, attenuate for a specific frequency or range of frequencies.  Wave traps are special types of band stop filters which attenuate a specific frequency instead of a range, and prevent noise originating from external sources from interfering with data collection. (1)

The Wien Bridge circuit consists of two filter networks: a low pass filter and a high pass filter connected in series and grounded. The two filter networks overlap at a single frequency that is attenuated. (This single frequency will be amplified and fed back via positive feedback to cause oscillation using an LM741 chip.) The frequency of oscillation is attenuated to one third of its normal operating voltage by the filter networks.  The R6 resistor (see Figure 3) returns frequency to oscillating level by increasing the gain by at least a factor of 3. (2)

The Twin Tee is also a notch filter, but differs from the Wien Bridge in its design: a tee network is a two port network whose configuration is shaped in a letter T. (3) Also, the Twin Tee makes use of a voltage follower, a special case of a non-inverting amplifier that isolates a voltage source from the application; thus, Vin = Vout.  The voltage follower also isolates the signal source from the output; therefore, additional circuits can be connected to the Twin Tee without affecting the voltage inputs and outputs.  

These circuits can be customized to the measured noise by selecting the values of the resistors and capacitors in the circuit.  Both the Twin Tee and the Wien Bridge function with a cut off frequency as follows (4):



f =1/(2ΠRC)


Equation 1
After attenuating the frequency of the lights, the values of resistors and capacitors will be varied to view effects of these changes.

While the Wien Bridge and Twin Tee differ in design standards, both circuits require the use of the LM741 operational amplifier (op-amp) chip in a non-inverting configuration.  The op-amp chip is an ideal voltage amplifier of high gain that translates to infinite input impedance and zero output impedance.  Hence, the voltage between the (-) and (+) input terminals goes to zero.  The op-amp chip is the active element that allows for both circuits to function as an oscillator. (5) Because of the use of the operational amplifier chip in both circuits, it is expected that there will be no difference between attenuating efficiency of the Twin Tee and the Wien Bridge filters:

        D​0: µWien bridge - µTwin tee=0

Using two filters allows us to compare designs and to test if frequencies are better attenuated using more than one filter.
METHODS



Materials:
This experiment necessitates the construction of two band stop filters, each connecting to the photoelectric eye.  In order to construct the circuits efficiently, three breadboards are needed, one for each circuit and a third for the photoelectric eye.  A

100 kΩ resistor is required to limit the current running through the phototransistor.  This resistor and transistor combination connects in parallel to the separate filters.  The Wien Bridge circuit is a band stop filter that contains five resistors of equal value, two capacitors of equal value, and a LM741 OpAmp chip.  To meet design specifications that filter 120 Hz noise, the resistors in the Wien Bridge circuit must each have a value of 13.3 kΩ (10 kΩ resistor in series with 3.3 kΩ resistor) and each capacitor a value of
0.1 μF.  In the Twin Tee circuit, three resistor and three capacitors are connected to form a band stop filter.  Two resistors of equal value (235 kΩ each for a cutoff frequency of

120 Hz) can be constructed using two 100 kΩ resistors in series with two 15-kΩ resistors and a 5.1 kΩ resistor.  The third resistor is half the value of the other two (i.e. 117 kΩ – 
100 kΩ resistor with a 15 kΩ resistor and a 2.1 kΩ resistor in series) because it functions in both branches of the Twin Tee filter.  Two capacitors of equal value (0.005 μF each) are connected in parallel with the two resistors of equal value.  The third capacitor, measuring at 0.01 μF, is connected in series with the third resistor.  The twin tee circuit also requires a LM741 OpAmp chip.  The virtual instruments used in this experiment include the Digital Signal Analyzer, Signal Generator, Oscilloscope, and Virtual Logger.  
Methods:

In order to test the ability of the filters to attenuate noise, it is first necessary to determine the frequency and amplitude of the noise.  To determine the noise, a simple circuit is constructed using an input voltage of 5 V, and a 100 kΩ resistor and phototransistor in series (as shown in Figure 1).
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The leads of the Virtual Instruments are attached at either end of the phototransistor, and the Virtual Bench Oscilloscope is used to determine the frequency of the noise noted across the phototransistor.  The oscilloscope is used to determine the frequency(ies) of the noise and the fraction of the signal that corresponds to each specific frequency.  Once the noise present in the room has been determined and sufficient measurements of this noise have been performed, the two filters will be built according to Equation 1.

The filters to be tested are the Wien Bridge and the Twin Tee circuits.  These are built according to the following diagrams (designed to attenuate 120 Hz of noise).  These filters are connected to the Virtual Instruments according to the specific measurements needed.  In order to gather the Bode plots for the filters, the Signal Generator and Oscilloscope are used.
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Figure 2: Wien Bridge Circuit 

Figure 3: Twin Tee Circuit
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First, measurements of the output voltage are taken using the signal generator that creates varying input voltages corresponding to a specific frequency.  This data will be used to create Bode plots for each filter.  The Bode plots show efficiency of the circuits, cut off frequency of the circuits, and the functionality of the circuits.  The signal generator and virtual oscilloscope provide means to measure the gain of each circuit at different frequencies.  These instruments are then used to measure gain at the selected frequency of 120 Hz (the desired cut off frequency).  The measurements of gain are gathered at least 10 times and placed into a t-test to compare the gain at the same frequency for both circuits.  The greater number of measurements increases the accuracy of the results, thus as many trials as possible under time constraints will be performed. 

From at least 10 samples of 2 populations (the Wien Bridge circuit and Twin Tee circuit), the average gain at 120 Hz will be tested for significant differences to establish a confidence for the hypothesis:  Do: µWien bridge - µTwin tee=0.  The tail end, T, of the Wien Bridge and Twin Tee circuits can be calculated by:

T = (x1 – x2) – Do  

                                                                                            √(s1/n)2 + (s2/n)2

where x1 and x2 are the average gain of the circuits at 120 Hz, s1 and s2  are the standard deviations of the average frequencies, n is the population, and Do is zero in accordance with the stated hypothesis.  T will be compared to a t-test statistic for 90% confidence interval on the mean and 8 degrees of freedom (depends on number of samples) to accept or reject the hypothesis.  
Following initial analysis of the two filters, the resistance values will be varied to confirm the expected cut off frequency.  Bode plots will be constructed using this data to view any attenuation changes and find the actual cut-off frequencies of the new filters.  The percent error of the calculated cut off frequency as compared to the actual cut off frequency (as measured through the Bode plot) will be calculated to test the validity of the Equation 1, the foundation for the design of the filters.
Using the power spectrum generated by the Digital Signal Analyzer, the percentage of the 120 Hz signal attenuated by each filter will be determined.  From the data obtained by both the Bode plots and the power spectrum (a Fast Fourier Transform of the signal obtained from the circuit), the validity of the hypothesis that each filter functions appropriately according to design standards will be tested.  The validity of the hypothesis that each filter functions with equal capability will be tested by Bode plots and the t-test.

RESULTS

The dominant frequency of lights in the lab is 120 Hz and can be attenuated with a Wien Bridge or Twin Tee notch filter.  The Wien Bridge and Twin Tee Filters do not attenuate with the same efficiency.  The hypothesis: D0: μWien Bridge – μTwin Tee = 0 is rejected with 90% confidence.  Additionally, the resistors and capacitors used to construct the original filters are the best options. However, the other resistors and capacitors do obey the cut-off frequency equation.
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Bode plots were created which reveal the attenuating capabilities of the two filters: Figure 5, the Twin Tee Bode plot, has a sharper notch than Figure 4, Wien Bridge plot.
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The hypothesis that the Wien Bridge and Twin Tee Filters would attenuate with the same efficiency is rejected at 90% confidence.  Ten values of Vout were measured for both the Twin Tee and Wien Bridge filters at a frequency of 120.48 Hz and a Vin of 2.0 V. Since the tstat = 28.4, Table 1, was greater than t0.05, 16 = 1.753 there is a significant difference between the filters with 90% confidence. Hence, the hypothesis, that there was no difference between the attenuation of the Twin Tee and the Wien Bridge Filters, is rejected.  The Twin Tee’s standard deviation, sTT= 0.019074, is lower than the standard deviation of the Wien Bridge, sWB = 0.0645434.  Finally, the gain is greater for the Twin Tee (-18.56 dB + .14 dB) than the Wien Bridge (-16.09 dB + .25 dB); the Twin Tee attenuates the signal more at 120 Hz. 

The equation for cut-off frequency of both the Wien Bridge and Twin Tee filters is accurate:

f = 1/2πRC
(Equation 1)
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[image: image15.emf]Bode Plot - Wien Bridge 2
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The resistance value, R, and the capacitance value, C, depend on the filter that is being evaluated.  For the Twin Tee, R=R2=R3 and C=C1=C2 (as shown in Figure 3).  For the Wien Bridge, R=R2=R3=R4=R5=R6 and C=C1=C2 (as shown in Figure 2).  The values of resistors were altered to ensure that the resistors and capacitors used were appropriate.  Table 2, shows the changes, the predicted attenuation values, and the error in each actual versus predicted value.  Figures 6 and 7 are Bode plots for the respective resistor changes in each filter. This data supports the resistor and capacitor values used.
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[image: image17.emf]Twin Tee connected to Wien Bridge 
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Table 2
	Circuit
	Variable
	Expected Frequency (Hz)
	Actual Frequency (Hz)
	Percent Error

	Twin Tee
	Resistor
	67.7
	65
	4.1538462

	Wien Bridge
	Resistor
	72.3
	75
	3.6


The Wien Bridge and Twin Tee Filters when placed in series do not achieve a better net attenuation.  Placed in series, Wien Bridge – Twin Tee, Figure 8, there was a good notch filter, but the frequency attenuated was approximately 100 Hz (Gain approximately 27 dB).  When placed Twin Tee – Wien Bridge in series, Figure 9, there was no strong, single notch filter.
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The constructed circuits properly attenuated the frequency of the lights.  First, the Digital Signal Analyzer was used to obtain the frequency of lights to be attenuated (120 Hz), Figure 10.  After building Wien Bridge and Twin Tee filters to attenuate 120 Hz, the circuits were connected to the phototransistor and the digital signal analyzer.  Figures 11 and 12 show the attenuation achieved by both filters.  The Twin Tee DSA plot registers a signal at 60 Hz.



DISCUSSION



Through various measurements, the properties of the Wien Bridge Filter and Twin Tee Filters were analyzed.  Different resistor values placed into each circuit supported the validity of the specific resistor and capacitor values utilized in each circuit. By altering resistor values and calculating percent errors, the relationship f=1/2ΠRC was confirmed.  Connecting the two filters in series produced interesting results.  The Wien Bridge in connection to the Twin Tee filtered 120 Hz more efficiently than when they were separate.  When the order was switched, nearly every frequency was filtered.  Ultimately, the DSA showed the elimination of 120 Hz noise from the ambient lights.  The Twin Tee circuit and the Wien Bridge circuit were both able to attenuate the 120 Hz noise from the ambient fluorescent light; however, through the use of t-testing, the hypothesis that the Wien Bridge and Twin Tee filers are equally efficient was rejected.
The experiment set out to compare the efficiency of the two filters in attenuating a specific frequency.  The Twin Tee and Wien Bridge circuits produced excellent Bode plots that showed their efficiency and success at filtering noise.  By comparing the gain of the Twin Tee circuit and Wien Bridge circuit at 120 Hz utilizing a t-test, the Twin Tee proved more effective at 120 Hz noise than the Wien Bridge with an average gain of 
-18.563 dB + .019 dB versus -16.085 dB + .065 dB.  With a t-stat of 28.4 versus a reference t of 1.753 for a 90% confidence interval over ten trials for each filter, the hypothesis that both filters equally attenuate a specific frequency, namely 120 Hz, was rejected.  The failure of the hypothesis can be attributed to the different designs of the two filters, a greater difference than their similarity – use of the OpAmp chip.  The Wien Bridge filter overlaps a high pass and a low pass filter, whereas the Twin Tee uses the high pass and low pass filter design in a two part sequence. (3) Additionally, the filters proved not to be ideal, attenuating over a range of frequencies rather than just the one designated frequency.

Placing different resistors into both the Wien Bridge and Twin Tee circuits confirmed the relationship between cutoff frequency and the product of capacitance and resistance values (i.e. the resistor values of the Twin Tee circuit were changed to 470 ohms and 235 ohms).  The attenuated frequencies for the Twin Tee and Wien Bridge were 65 Hz and 75 Hz, respectively.  These coincided with the expected values determined by Equation 1.  By comparing the expected cut off frequency to the actually cut off frequency, the percent errors for the Twin Tee and the Wien Bridge were 4.15% and 3.6%, respectively and corresponds to the percent error of expected and actual resistance for the resistors.  These values indicate that the resistor and capacitor values were appropriate for use in each circuit.  This confirmation was necessary because the expected value of noise from the ambient light was different from what was expected (120 Hz versus 60 Hz).  The filters actually did not notch at 120 Hz, but closer to 100 Hz: this was due in part to the percent error associated with the equation.

The effect of connecting the two different filters in series was also evaluated.  It has been shown that connecting in series two filters set to attenuate the same frequency with the same design (e.g. two Wien Bridge circuits set to filter 120 Hz of noise) will attenuate the set frequency more efficiently than one filter alone (1).  We connected in series two different types of filters (the Wien Bridge and Twin Tee), and set them to attenuate the same frequency to see how that would affect the filtering.  The Wien Bridge connected to the Twin Tee, however, did not function as expected.  The Twin Tee connected to the Wien Bridge filtered almost every frequency, producing gains that rise no greater than 
-27 dB which was contrary to our expectations - a more efficient notch-filter.  This result may be a result of improper grounding or a faulty voltage follower.  
A power spectrum of noise through the phototransistor showed a predominant frequency at 120 Hz.  There were also frequencies at 60 Hz and 240 Hz.  The filters were designed to attenuate for the 120 Hz noise because that was the frequency of the highest magnitude interference.  Originally, it was hypothesized that the multiple frequencies radiating from the fluorescent lights was an issue of harmonics, with basal frequency of 60 Hz.  This theory was rejected because no noise registered at 180 Hz.  When the filters were respectively attached to the phototransistor, they successfully eliminated the 120 Hz noise and the 240 Hz noise.  This supports the theory that the 240 Hz noise was a harmonic of the 120 Hz noise.  The 60 Hz noise may be due to machinery, especially the leakage of noise from the ground loop formed when the computer is connected to the circuit and is not regularly present.  The Wien Bridge successfully eliminated all frequencies of noise, including the 60 Hz frequency.  The Twin Tee, on the other hand, filtered all noise signals except some of the 60 Hz frequency.  This peak is again attributed to machinery in the lab, which is selectively present.  At another time the 60 Hz peak may be present in the Wien Bridge and not the Twin Tee or both or neither.  Also, the Wien Bridge attenuated noise over a wider range (smaller slopes on the Bode plots) which included 60 Hz, whereas the Twin Tee did not (larger slopes).  The filters were designed as band stop filters so that they would only attenuate a small range of noise.  Under these circumstances and expectations, it can be said that the Twin Tee performed with better adherence to design standards than the Wien Bridge filter.

The Wien Bridge circuit, compared to the Twin Tee circuit, is advantageous for high grade instrumentation and audio applications.  In addition, the circuit contains relatively few components and has good frequency stability.  The main disadvantage of the Wien Bridge is its intrinsic high output distortion due to the oversaturated OpAmp output transistors.  However, the circuit can be maintained at relatively stable oscillation frequencies and low distortion levels can be achieved.  Furthermore, disadvantages include temperature sensitivity and drift.  The Twin Tee circuit is made of more components than the Wien Bridge; however, these varying resistors and capacitors allow for more leeway frequencies filtered.  The Twin Tee is less susceptible to saturation.  Another factor is that Wien Bridge circuit contains five resistors of equal values.  Experimentally, it is challenging to match all of these values and therefore creates a small although negligible phase shift in the data.  The Twin Tee is less vulnerable to such a phase shift.

The experiment led to more questions and led to ideas for improvement in design standards and experimentation.  With more time, additional experiments can be created for further testing.  First, a greater number of data points could be collected at 120 Hz for both filters to create more confident results.  Instead of changing the resistor values to test the equation for cut off frequency, the values of the capacitors can be changed to determine response of the circuit.  A moderate value for both capacitor and resistors was used in this experiment.  The main frequency was dependent on the product of the resistor and capacitor values, not one or the other.  Because of this, another experiment could be constructed to see how the values of the capacitors and resistors change the efficiency of the filter.   For example, what would happen if a large resistor value coupled with a small capacitor value was used or vice versa?  The staging of filters would be repeated with the intention of eliminating the experimental error which created an all-attenuating filter when the Twin Tee was connected to the Wien Bridge.

 Filters are significant in the electronic world and can be applied to almost any electronic device, as long as they are customized to a specific purpose.  The experiment was successful at attenuating the 120 Hz noise from the fluorescent lights using two different filters.
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Table 1: t-Test: Two-Sample Assuming Unequal Variances�
�
 �
Wien Bridge�
Twin Tee�
�
Mean�
-16.08571703�
-18.56346�
�
Variance�
0.064543364�
0.0190744�
�
Observations�
11�
11�
�
Hypothesized Mean Difference�
0�
 �
�
df�
15�
 �
�
t Stat�
28.41859234�
 �
�
P(T<=t) one-tail�
9.24397E-15�
 �
�
t Critical one-tail�
1.753051038�
 �
�
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Figure 1 (R=100kΩ) Noise Testing Circuit, No Filter:
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0.0009046443

0.0005234404

0.0004987748

0.0007617606

0.0007510109

0.0008987322

0.000446551

0.001767264

0.0004392041

0.001240472

0.004858044

0.000200429

0.0005627667

0.0003894919

0.0003057733

0.0007198942

0.0008659488

0.0009890875

0.0005352447

0.0006542608

0.0001599306

0.0003291372

0.0002553472

0.0007539224

0.001356178

0.001048071

0.0007209626

0.0006643842

0.0003907883

0.001003796

0.001081375

0.0005036067

0.001109566

0.001838936

0.001413018

0.0005372653

0.001317348

0.0007451427

0.000562429

0.0005403096

0.0004901451

0.0005848381

0.0005542303

0.001232605

0.001627677

0.0007183776

0.0003648806

0.0008284677

0.0005489609

0.000070872

0.000362859

0.001165188

0.0006664867

0.0006869516

0.0009616525

0.000348222

0.0004729531

0.0005926014

0.0004142355

0.0004744178

0.0006435313

0.002534937

0.0020222

0.001187257

0.001367733

0.000814588

0.0002558977

0.0004540037

0.0003764136

0.0006558254

0.0005529086

0.0007070636

0.001141454

0.0004331729

0.001058638

0.0005996061

0.001044802

0.0009222262

0.0006138353

0.0007495449

0.0001777264

0.0008691745

0.001208931

0.0004343345

0.001381415

0.001705263

0.001557219

0.001137317

0.001527422

0.000596832

0.0006760382

0.0003222535

0.00065263

0.0001371932

0.001015127

0.0005656412

0.0005975572

0.0006693741

0.0007047688

0.0007189577

0.0009901136

0.0004767949

0.0003445061

0.000492731

0.001243014

0.001189983

0.0006815436

0.0009135851

0.0005096583

0.0005759566

0.002477593

0.001126387

0.0009047762

0.001190791

0.0005416428

0.0009444882

0.0007182846

0.0005206524

0.0009535079

0.00151027

0.001062031

0.000322435

0.001524554

0.0005447482

0.0006707804

0.0006434312

0.001283252

0.0007874351

0.0006813719

0.0006826679

0.001385409

0.001063597

0.00139878

0.0007782401

0.002874943

0.001074665

0.001256113

0.0004650065

0.001179575

0.000663203

0.0004143477

0.0002898761

0.00104031

0.0009626292

0.0008521168

0.0002049514

0.0007092586

0.0008089975

0.0008216164

0.0005646302

0.001671944

0.00112867

0.0003593556

0.0002746268

0.001386665

0.0005221333

0.0006806889

0.0002781578

0.0005444536

0.0009713834

0.0005226343

0.0008591334

0.0008031356

0.0001925376

0.001125759

0.001630736

0.001091365

0.0005024788

0.001489047

0.000892827

0.0002129203

0.000864594

0.0005315497

0.000138381

0.0005414144

0.0003934351

0.0009165776

0.0007903393

0.001211985

0.0004489837

0.0009938959

0.001401863

0.0004398679

0.001347624

0.0003588789

0.0002444411

0.0009521875

0.0008924075

0.0006992909

0.0006394494

0.0003834209

0.001076549

0.0006327262

0.0004028968

0.0005062089

0.001112992

0.0006899033

0.0006534332

0.0005349911

0.0000941023

0.001334015

0.0009678568

0.001280493

0.0003377627

0.0005597342

0.000787467

0.0001782456

0.001098931

0.001314284

0.0002463409

0.002083176



twinteedsa

		VirtualBench-DSA 2.5 Waveform File

		X0: 0.000000E+0		Delta-X: 6.000015E-1

		5.23E+00		0		0

		3.73E-04		0.6000015		1

		1.11E-03		1.200003		2

		7.34E-04		1.8000045		3

		3.16E-04		2.400006		4

		5.17E-04		3.0000075		5

		2.92E-04		3.600009		6

		7.26E-04		4.2000105		7

		2.54E-04		4.800012		8

		6.78E-04		5.4000135		9

		1.14E-03		6.000015		10

		1.00E-03		6.6000165		11

		1.24E-03		7.200018		12

		5.73E-04		7.8000195		13

		1.86E-03		8.400021		14

		3.94E-04		9.0000225		15

		1.78E-03		9.600024		16

		3.42E-04		10.2000255		17

		3.35E-04		10.800027		18

		2.45E-04		11.4000285		19

		1.27E-03		12.00003		20

		7.77E-04		12.6000315		21

		6.73E-04		13.200033		22

		1.10E-03		13.8000345		23

		2.23E-03		14.400036		24

		4.75E-04		15.0000375		25

		1.18E-03		15.600039		26

		1.49E-03		16.2000405		27

		4.29E-04		16.800042		28

		3.40E-04		17.4000435		29

		8.67E-04		18.000045		30

		3.36E-04		18.6000465		31

		5.35E-04		19.200048		32

		5.84E-04		19.8000495		33

		6.68E-04		20.400051		34

		2.96E-04		21.0000525		35

		3.15E-04		21.600054		36

		1.33E-03		22.2000555		37

		3.49E-04		22.800057		38

		3.62E-04		23.4000585		39

		4.86E-04		24.00006		40

		8.72E-04		24.6000615		41

		1.86E-04		25.200063		42

		7.92E-04		25.8000645		43

		9.83E-04		26.400066		44

		3.48E-04		27.0000675		45

		9.51E-04		27.600069		46

		1.59E-03		28.2000705		47

		7.76E-04		28.800072		48

		3.80E-04		29.4000735		49

		1.04E-03		30.000075		50

		9.65E-04		30.6000765		51

		1.19E-03		31.200078		52

		1.47E-03		31.8000795		53

		5.84E-04		32.400081		54

		8.43E-04		33.0000825		55

		5.31E-04		33.600084		56

		1.01E-03		34.2000855		57

		8.95E-04		34.800087		58

		1.40E-03		35.4000885		59

		8.41E-04		36.00009		60

		1.58E-03		36.6000915		61

		6.72E-04		37.200093		62

		5.55E-04		37.8000945		63

		1.06E-03		38.400096		64

		8.55E-04		39.0000975		65

		4.37E-04		39.600099		66

		6.81E-04		40.2001005		67

		6.25E-04		40.800102		68

		9.27E-05		41.4001035		69

		1.56E-03		42.000105		70

		1.19E-03		42.6001065		71

		5.85E-04		43.200108		72

		1.18E-03		43.8001095		73

		9.01E-04		44.400111		74

		5.37E-04		45.0001125		75

		3.56E-04		45.600114		76

		4.77E-04		46.2001155		77

		6.26E-04		46.800117		78

		5.38E-04		47.4001185		79

		1.23E-03		48.00012		80

		7.74E-04		48.6001215		81

		9.32E-04		49.200123		82

		5.27E-04		49.8001245		83

		8.74E-04		50.400126		84

		1.61E-04		51.0001275		85

		7.74E-04		51.600129		86

		3.61E-04		52.2001305		87

		2.15E-04		52.800132		88

		6.70E-04		53.4001335		89

		5.20E-04		54.000135		90

		2.34E-04		54.6001365		91

		4.98E-04		55.200138		92

		2.69E-04		55.8001395		93

		8.28E-05		56.400141		94

		7.08E-04		57.0001425		95

		1.12E-03		57.600144		96

		5.76E-04		58.2001455		97

		1.07E-03		58.800147		98

		3.42E-03		59.4001485		99

		8.58E-02		60.00015		100

		3.17E-03		60.6001515		101

		2.11E-03		61.200153		102

		1.29E-03		61.8001545		103

		7.06E-04		62.400156		104

		5.79E-04		63.0001575		105

		3.37E-04		63.600159		106

		1.72E-03		64.2001605		107

		8.39E-04		64.800162		108

		4.26E-04		65.4001635		109

		1.53E-03		66.000165		110

		1.69E-03		66.6001665		111

		6.99E-04		67.200168		112

		1.52E-03		67.8001695		113

		1.15E-03		68.400171		114

		3.81E-04		69.0001725		115

		1.26E-03		69.600174		116

		9.17E-04		70.2001755		117

		8.05E-04		70.800177		118

		1.26E-03		71.4001785		119

		4.06E-04		72.00018		120

		6.24E-04		72.6001815		121

		5.83E-04		73.200183		122

		1.02E-03		73.8001845		123

		2.42E-03		74.400186		124

		1.87E-03		75.0001875		125

		1.22E-03		75.600189		126

		6.34E-04		76.2001905		127

		4.48E-04		76.800192		128

		4.51E-04		77.4001935		129

		7.99E-04		78.000195		130

		1.44E-03		78.6001965		131

		3.70E-04		79.200198		132

		3.28E-04		79.8001995		133

		4.24E-04		80.400201		134

		1.07E-04		81.0002025		135

		8.55E-04		81.600204		136

		7.35E-04		82.2002055		137

		8.22E-04		82.800207		138

		7.61E-04		83.4002085		139

		8.90E-04		84.00021		140

		9.10E-04		84.6002115		141

		1.72E-03		85.200213		142

		1.13E-03		85.8002145		143

		2.00E-04		86.400216		144

		3.95E-04		87.0002175		145

		3.75E-04		87.600219		146

		1.28E-03		88.2002205		147

		1.04E-03		88.800222		148

		1.33E-03		89.4002235		149

		8.52E-04		90.000225		150

		1.41E-03		90.6002265		151

		5.88E-04		91.200228		152

		3.59E-04		91.8002295		153

		1.37E-03		92.400231		154

		3.88E-04		93.0002325		155

		9.81E-04		93.600234		156

		1.15E-03		94.2002355		157

		7.95E-04		94.800237		158

		8.30E-04		95.4002385		159

		6.52E-04		96.00024		160

		3.98E-04		96.6002415		161

		8.99E-04		97.200243		162

		7.38E-04		97.8002445		163

		8.28E-04		98.400246		164

		1.20E-03		99.0002475		165

		1.08E-04		99.600249		166

		9.34E-04		100.2002505		167

		9.70E-04		100.800252		168

		6.36E-04		101.4002535		169

		4.68E-04		102.000255		170

		8.58E-04		102.6002565		171

		1.08E-03		103.200258		172

		2.14E-03		103.8002595		173

		1.64E-03		104.400261		174

		1.77E-03		105.0002625		175

		5.76E-04		105.600264		176

		8.45E-04		106.2002655		177

		1.33E-03		106.800267		178

		3.56E-04		107.4002685		179

		9.63E-04		108.00027		180

		5.18E-04		108.6002715		181

		1.01E-03		109.200273		182

		9.53E-04		109.8002745		183

		7.17E-04		110.400276		184

		6.60E-04		111.0002775		185

		1.64E-03		111.600279		186

		1.46E-03		112.2002805		187

		1.09E-03		112.800282		188

		5.60E-04		113.4002835		189

		9.05E-04		114.000285		190

		5.23E-04		114.6002865		191

		4.99E-04		115.200288		192

		7.62E-04		115.8002895		193

		7.51E-04		116.400291		194

		8.99E-04		117.0002925		195

		4.47E-04		117.600294		196

		1.77E-03		118.2002955		197

		4.39E-04		118.800297		198

		1.24E-03		119.4002985		199

		4.86E-03		120.0003		200

		2.00E-04		120.6003015		201

		5.63E-04		121.200303		202

		3.89E-04		121.8003045		203

		3.06E-04		122.400306		204

		7.20E-04		123.0003075		205

		8.66E-04		123.600309		206

		9.89E-04		124.2003105		207

		5.35E-04		124.800312		208

		6.54E-04		125.4003135		209

		1.60E-04		126.000315		210

		3.29E-04		126.6003165		211

		2.55E-04		127.200318		212

		7.54E-04		127.8003195		213

		1.36E-03		128.400321		214

		1.05E-03		129.0003225		215

		7.21E-04		129.600324		216

		6.64E-04		130.2003255		217

		3.91E-04		130.800327		218

		1.00E-03		131.4003285		219

		1.08E-03		132.00033		220

		5.04E-04		132.6003315		221

		1.11E-03		133.200333		222

		1.84E-03		133.8003345		223

		1.41E-03		134.400336		224

		5.37E-04		135.0003375		225

		1.32E-03		135.600339		226

		7.45E-04		136.2003405		227

		5.62E-04		136.800342		228

		5.40E-04		137.4003435		229

		4.90E-04		138.000345		230

		5.85E-04		138.6003465		231

		5.54E-04		139.200348		232

		1.23E-03		139.8003495		233

		1.63E-03		140.400351		234

		7.18E-04		141.0003525		235

		3.65E-04		141.600354		236

		8.28E-04		142.2003555		237

		5.49E-04		142.800357		238

		7.09E-05		143.4003585		239

		3.63E-04		144.00036		240

		1.17E-03		144.6003615		241

		6.66E-04		145.200363		242

		6.87E-04		145.8003645		243

		9.62E-04		146.400366		244

		3.48E-04		147.0003675		245

		4.73E-04		147.600369		246

		5.93E-04		148.2003705		247

		4.14E-04		148.800372		248

		4.74E-04		149.4003735		249

		6.44E-04		150.000375		250

		2.53E-03		150.6003765		251

		2.02E-03		151.200378		252

		1.19E-03		151.8003795		253

		1.37E-03		152.400381		254

		8.15E-04		153.0003825		255

		2.56E-04		153.600384		256

		4.54E-04		154.2003855		257

		3.76E-04		154.800387		258

		6.56E-04		155.4003885		259

		5.53E-04		156.00039		260

		7.07E-04		156.6003915		261

		1.14E-03		157.200393		262

		4.33E-04		157.8003945		263

		1.06E-03		158.400396		264

		6.00E-04		159.0003975		265

		1.04E-03		159.600399		266

		9.22E-04		160.2004005		267

		6.14E-04		160.800402		268

		7.50E-04		161.4004035		269

		1.78E-04		162.000405		270

		8.69E-04		162.6004065		271

		1.21E-03		163.200408		272

		4.34E-04		163.8004095		273

		1.38E-03		164.400411		274

		1.71E-03		165.0004125		275

		1.56E-03		165.600414		276

		1.14E-03		166.2004155		277

		1.53E-03		166.800417		278

		5.97E-04		167.4004185		279

		6.76E-04		168.00042		280

		3.22E-04		168.6004215		281

		6.53E-04		169.200423		282

		1.37E-04		169.8004245		283

		1.02E-03		170.400426		284

		5.66E-04		171.0004275		285

		5.98E-04		171.600429		286

		6.69E-04		172.2004305		287

		7.05E-04		172.800432		288

		7.19E-04		173.4004335		289

		9.90E-04		174.000435		290

		4.77E-04		174.6004365		291

		3.45E-04		175.200438		292

		4.93E-04		175.8004395		293

		1.24E-03		176.400441		294

		1.19E-03		177.0004425		295

		6.82E-04		177.600444		296

		9.14E-04		178.2004455		297

		5.10E-04		178.800447		298

		5.76E-04		179.4004485		299

		2.48E-03		180.00045		300

		1.13E-03		180.6004515		301

		9.05E-04		181.200453		302

		1.19E-03		181.8004545		303

		5.42E-04		182.400456		304

		9.44E-04		183.0004575		305

		7.18E-04		183.600459		306

		5.21E-04		184.2004605		307

		9.54E-04		184.800462		308

		1.51E-03		185.4004635		309

		1.06E-03		186.000465		310

		3.22E-04		186.6004665		311

		1.52E-03		187.200468		312

		5.45E-04		187.8004695		313

		6.71E-04		188.400471		314

		6.43E-04		189.0004725		315

		1.28E-03		189.600474		316

		7.87E-04		190.2004755		317

		6.81E-04		190.800477		318

		6.83E-04		191.4004785		319

		1.39E-03		192.00048		320

		1.06E-03		192.6004815		321

		1.40E-03		193.200483		322

		7.78E-04		193.8004845		323

		2.87E-03		194.400486		324

		1.07E-03		195.0004875		325

		1.26E-03		195.600489		326

		4.65E-04		196.2004905		327

		1.18E-03		196.800492		328

		6.63E-04		197.4004935		329

		4.14E-04		198.000495		330

		2.90E-04		198.6004965		331

		1.04E-03		199.200498		332

		9.63E-04		199.8004995		333

		8.52E-04		200.400501		334

		2.05E-04		201.0005025		335

		7.09E-04		201.600504		336

		8.09E-04		202.2005055		337

		8.22E-04		202.800507		338

		5.65E-04		203.4005085		339

		1.67E-03		204.00051		340

		1.13E-03		204.6005115		341

		3.59E-04		205.200513		342

		2.75E-04		205.8005145		343

		1.39E-03		206.400516		344

		5.22E-04		207.0005175		345

		6.81E-04		207.600519		346

		2.78E-04		208.2005205		347

		5.44E-04		208.800522		348

		9.71E-04		209.4005235		349

		5.23E-04		210.000525		350

		8.59E-04		210.6005265		351

		8.03E-04		211.200528		352

		1.93E-04		211.8005295		353

		1.13E-03		212.400531		354

		1.63E-03		213.0005325		355

		1.09E-03		213.600534		356

		5.02E-04		214.2005355		357

		1.49E-03		214.800537		358

		8.93E-04		215.4005385		359

		2.13E-04		216.00054		360

		8.65E-04		216.6005415		361

		5.32E-04		217.200543		362

		1.38E-04		217.8005445		363

		5.41E-04		218.400546		364

		3.93E-04		219.0005475		365

		9.17E-04		219.600549		366

		7.90E-04		220.2005505		367

		1.21E-03		220.800552		368

		4.49E-04		221.4005535		369

		9.94E-04		222.000555		370

		1.40E-03		222.6005565		371

		4.40E-04		223.200558		372

		1.35E-03		223.8005595		373

		3.59E-04		224.400561		374

		2.44E-04		225.0005625		375

		9.52E-04		225.600564		376

		8.92E-04		226.2005655		377

		6.99E-04		226.800567		378

		6.39E-04		227.4005685		379

		3.83E-04		228.00057		380

		1.08E-03		228.6005715		381

		6.33E-04		229.200573		382

		4.03E-04		229.8005745		383

		5.06E-04		230.400576		384

		1.11E-03		231.0005775		385

		6.90E-04		231.600579		386

		6.53E-04		232.2005805		387

		5.35E-04		232.800582		388

		9.41E-05		233.4005835		389

		1.33E-03		234.000585		390

		9.68E-04		234.6005865		391

		1.28E-03		235.200588		392

		3.38E-04		235.8005895		393

		5.60E-04		236.400591		394

		7.87E-04		237.0005925		395

		1.78E-04		237.600594		396

		1.10E-03		238.2005955		397

		1.31E-03		238.800597		398

		2.46E-04		239.4005985		399

		2.08E-03		240.0006		400
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