PHYSICS:  LAB - SUPERPOSITION OF WAVES

filename: Superposition.doc

NAME: ____________________________________________  PER: _____  DATE: _____/_____/_____
PURPOSE: The purpose of this lab is to have you become familiar with the parameters that change the appearance of waves and to be able to predict the appearance of the wave pattern that results from the addition of two waves.

SET-UP: Call up the EXCEL workbook called superpos.xls.  You will see two waves graphed side by side.  In a chart above the graphs you will find colored blocks that contain the three important parameters that govern the appearance of each wave. At the bottom of the screen, you will see a tab that is labeled as SUM.  You can click on this worksheet at any time to see the sum of the two waves.  You get back to the original screen by clicking on the tab WAVES.

PROCEDURE: Make the changes called for in each of the following questions, answering the questions based on what you observe.

DEFINITIONS: 

AMPLITUDE: The maximum value above or below the axis for the wave.

FREQUENCY: The number of cycles completed in a second.

PHASE ANGLE: The number of degrees from zero the wave begins its cycles.

Q1. Change the parameter A1 for WAVE #1 to some higher number such as 2 or 5.  Note the change in the numbers along the vertical axis. (The graph automatically adjusts its scale to accommodate any changes, and so looks the same.)  What changes when you alter the A parameter?

____________________________________________________________________________________________
Q2. Change A1 back to its original value of 1.  Note that the wave completes one cycle in 360o. Change the B1 parameter to 2, or 5, or 20 (The resolution above 20 gets a little hard to distinguish).  In relation to the new value of B1, how many cycles does the wave make in 360o ?

____________________________________________________________________________________________
Q3. Change the value of B1 to its original value of 1.  Note that each of the WAVEs start at the zero angle by heading up and completing one cycle by 360o.  Change the value of C1 to 90.  (This is the same as adding 90o to the starting point.)  Change the value of C1 to other angles such as 180o , 270o , and 360o.  Describe what happens to the wave pattern.

____________________________________________________________________________________________
Q3. Revert the values of A, B, and C to the original values of 1, 1, and 0.  Click on the SUM tab and see what the addition (superposition) of the two wave patterns looks like.  What is the maximum value achieved by this wave?  At what angle does this maximum occur?  How does this compare to the angle that gives a maximum in each of WAVE#1 and WAVE#2 ?

____________________________________________________________________________________________
Q4. Change the PHASE ANGLE of WAVE #2 to 90o.  Check the SUM graph.  What is the maximum value of this SUM graph, and at what angle does this maximum occur?

Max Value: __________     @ Angle: _________

Q5. Don’t make any changes yet. Go back to the original waves and note the value of WAVE#1 and WAVE#2 at 90o.  What is the value of the SUM at 90o?

Value of WAVE 1 @ 90o _______   Value of WAVE#2 @ 90o ________ Value of SUM @ 90o ______

Q6. Don’t make any changes yet. Go back to the original waves and note the value of WAVE#1 and WAVE#2 at 180o.  What is the value of the SUM at 180o?

Value of WAVE 1 @ 180o _______   Value of WAVE#2 @180o ________ Value of SUM @ 180o ______

Q7. Don’t make any changes yet. Note that the maximum of the Sum occurs at about 140o. Go back to the original waves and note the value of WAVE#1 and WAVE#2 at 140o.  What is the value of the SUM at 140o?

Value of WAVE 1 @ 140o _______   Value of WAVE#2 @140o ________ Value of SUM @ 140o ______

Q8. Go back to the waves and change the PHASE ANGLE of WAVE#2 to 180o.  What happens to the SUM of the waves? Explain this.

____________________________________________________________________________________________
Q9. Now you will investigate the effect of changing the frequency parameter.  Change the PHASE ANGLE values back to 0. Change the AMPLITUDE of WAVE#1 to 0.5.  Change the FREQUENCY of WAVE#1 to 20 and the FREQUENCY of WAVE#2 to 2.  Observe the SUM graph. What conclusions can you come to?

____________________________________________________________________________________________
Q10. Now you will investigate the phenomenon of “Beats” which occurs when two waves superpose that are almost the same frequency. Change the PHASE ANGLE of WAVE#2 to 180o. Change the AMPLITUDES back to 1 for each wave.  Change the FREQUENCY of WAVE#1 to 20. Change the FREQUENCY of  WAVE#2 to 15, and then by one more each change and gradually work up to 19.  Look at the SUM chart after each change.  What happens?

____________________________________________________________________________________________
Q11. With the FREQUENCY values set at 20 and 18,  note how many beat cycles are there in 360o?

____________________________________________________________________________________________
Q12. Change the FREQUENCY of WAVE#1 to 40.  Leave the PHASE ANGLE of WAVE#2 at 180o.  Change the FREQUENCY of WAVE#2 to 38.  How many beat cycles are completed in 360o?

____________________________________________________________________________________________
Q13. Change the FREQUENCY of WAVE#2 to 39.  Now how many beat cycles are completed in 360o?  What if you change the FREQUENCY to 37? How about 36?

____________________________________________________________________________________________
Q14. How can you predict how many beat cycles will occur in 360o based on knowing the FREQUENCY values of the two waves that are superposed on one another?

____________________________________________________________________________________________
Q15. CONCLUSION:  By manipulating the AMPLITUDE, FREQUENCY and PHASE ANGLE of the three WAVES available to you, try to create a “Square Wave”. A square wave is important in electronics and should look something like the chart shown below. If you are successful, print out the WAVES chart and the THREE chart to attach as part of your lab report (if a printer is available…otherwise simply show your instructor).
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WAVES

		WAVE #1		"y1=A1 sin B1x -C1"						WAVE #2		y2=A2 sin B2x -C2				WAVE#3

		A1=		0.5						A2=		1				A3=		3

		B1=		5						B2=		3				B3=		1

		C1=		0						C2=		0				C3=		0

		ANGLE		"y1"						"y2"						"y3"		y1+y2		y1+y2+y3

		0.000		0.000						0.000						0.000		0.052		0.000

		1.000		0.044						0.052						0.052		0.148		0.148

		2.000		0.087						0.105						0.105		0.243		0.296

		3.000		0.129						0.156						0.157		0.337		0.443

		4.000		0.171						0.208						0.209		0.430		0.588

		5.000		0.211						0.259						0.261		0.520		0.732

		6.000		0.250						0.309						0.314		0.608		0.873

		7.000		0.287						0.358						0.366		0.694		1.011

		8.000		0.321						0.407						0.418		0.775		1.146

		9.000		0.354						0.454						0.469		0.854		1.277

		10.000		0.383						0.500						0.521		0.928		1.404

		11.000		0.410						0.545						0.572		0.997		1.527

		12.000		0.433						0.588						0.624		1.062		1.645

		13.000		0.453						0.629						0.675		1.122		1.757

		14.000		0.470						0.669						0.726		1.177		1.865

		15.000		0.483						0.707						0.776		1.226		1.967

		16.000		0.492						0.743						0.827		1.270		2.062

		17.000		0.498						0.777						0.877		1.307		2.152

		18.000		0.500						0.809						0.927		1.339		2.236

		19.000		0.498						0.839						0.977		1.364		2.313

		20.000		0.492						0.866						1.026		1.383		2.384

		21.000		0.483						0.891						1.075		1.397		2.449

		22.000		0.470						0.914						1.124		1.403		2.507

		23.000		0.453						0.934						1.172		1.404		2.559

		24.000		0.433						0.951						1.220		1.399		2.604

		25.000		0.410						0.966						1.268		1.388		2.643

		26.000		0.383						0.978						1.315		1.371		2.676

		27.000		0.354						0.988						1.362		1.348		2.703

		28.000		0.321						0.995						1.408		1.320		2.724

		29.000		0.287						0.999						1.454		1.287		2.740

		30.000		0.250						1.000						1.500		1.249		2.750

		31.000		0.211						0.999						1.545		1.206		2.755

		32.000		0.171						0.995						1.590		1.159		2.755

		33.000		0.129						0.988						1.634		1.108		2.751

		34.000		0.087						0.978						1.678		1.053		2.743

		35.000		0.044						0.966						1.721		0.995		2.730

		36.000		0.000						0.951						1.763		0.934		2.714

		37.000		-0.044						0.934						1.805		0.870		2.695

		38.000		-0.087						0.914						1.847		0.804		2.674

		39.000		-0.129						0.891						1.888		0.737		2.650

		40.000		-0.171						0.866						1.928		0.668		2.623

		41.000		-0.211						0.839						1.968		0.598		2.596

		42.000		-0.250						0.809						2.007		0.527		2.566

		43.000		-0.287						0.777						2.046		0.456		2.536

		44.000		-0.321						0.743						2.084		0.386		2.506

		45.000		-0.354						0.707						2.121		0.316		2.475

		46.000		-0.383						0.669						2.158		0.246		2.444

		47.000		-0.410						0.629						2.194		0.178		2.414

		48.000		-0.433						0.588						2.229		0.112		2.384

		49.000		-0.453						0.545						2.264		0.047		2.356

		50.000		-0.470						0.500						2.298		-0.016		2.328

		51.000		-0.483						0.454						2.331		-0.076		2.302

		52.000		-0.492						0.407						2.364		-0.134		2.278

		53.000		-0.498						0.358						2.396		-0.189		2.256

		54.000		-0.500						0.309						2.427		-0.241		2.236

		55.000		-0.498						0.259						2.457		-0.290		2.218

		56.000		-0.492						0.208						2.487		-0.336		2.203

		57.000		-0.483						0.156						2.516		-0.378		2.189

		58.000		-0.470						0.105						2.544		-0.418		2.179

		59.000		-0.453						0.052						2.572		-0.453		2.171

		60.000		-0.433						0.000						2.598		-0.485		2.165

		61.000		-0.410						-0.052						2.624		-0.514		2.162

		62.000		-0.383						-0.105						2.649		-0.539		2.161

		63.000		-0.354						-0.156						2.673		-0.561		2.163

		64.000		-0.321						-0.208						2.696		-0.580		2.167

		65.000		-0.287						-0.259						2.719		-0.596		2.173

		66.000		-0.250						-0.309						2.741		-0.608		2.182

		67.000		-0.211						-0.358						2.762		-0.618		2.192

		68.000		-0.171						-0.407						2.782		-0.625		2.204

		69.000		-0.129						-0.454						2.801		-0.629		2.217

		70.000		-0.087						-0.500						2.819		-0.631		2.232

		71.000		-0.044						-0.545						2.837		-0.631		2.248

		72.000		-0.000						-0.588						2.853		-0.629		2.265

		73.000		0.044						-0.629						2.869		-0.626		2.283

		74.000		0.087						-0.669						2.884		-0.620		2.301

		75.000		0.129						-0.707						2.898		-0.614		2.320

		76.000		0.171						-0.743						2.911		-0.606		2.339

		77.000		0.211						-0.777						2.923		-0.598		2.357

		78.000		0.250						-0.809						2.934		-0.589		2.375

		79.000		0.287						-0.839						2.945		-0.579		2.393

		80.000		0.321						-0.866						2.954		-0.570		2.410

		81.000		0.354						-0.891						2.963		-0.560		2.426

		82.000		0.383						-0.914						2.971		-0.551		2.440

		83.000		0.410						-0.934						2.978		-0.541		2.454

		84.000		0.433						-0.951						2.984		-0.533		2.466

		85.000		0.453						-0.966						2.989		-0.525		2.476

		86.000		0.470						-0.978						2.993		-0.518		2.484

		87.000		0.483						-0.988						2.996		-0.512		2.491

		88.000		0.492						-0.995						2.998		-0.506		2.496

		89.000		0.498						-0.999						3.000		-0.502		2.499

		90.000		0.500						-1.000						3.000		-0.499		2.500

		91.000		0.498						-0.999						3.000		-0.496		2.499

		92.000		0.492						-0.995						2.998		-0.495		2.496

		93.000		0.483						-0.988						2.996		-0.495		2.491

		94.000		0.470						-0.978						2.993		-0.496		2.484

		95.000		0.453						-0.966						2.989		-0.498		2.476

		96.000		0.433						-0.951						2.984		-0.501		2.466

		97.000		0.410						-0.934						2.978		-0.504		2.454

		98.000		0.383						-0.914						2.971		-0.508		2.440

		99.000		0.354						-0.891						2.963		-0.512		2.426

		100.000		0.321						-0.866						2.954		-0.517		2.410

		101.000		0.287						-0.839						2.945		-0.522		2.393

		102.000		0.250						-0.809						2.934		-0.527		2.375

		103.000		0.211						-0.777						2.923		-0.532		2.357

		104.000		0.171						-0.743						2.911		-0.536		2.339

		105.000		0.129						-0.707						2.898		-0.540		2.320

		106.000		0.087						-0.669						2.884		-0.542		2.301

		107.000		0.044						-0.629						2.869		-0.544		2.283

		108.000		0.000						-0.588						2.853		-0.545		2.265

		109.000		-0.044						-0.545						2.837		-0.544		2.248

		110.000		-0.087						-0.500						2.819		-0.541		2.232

		111.000		-0.129						-0.454						2.801		-0.536		2.217

		112.000		-0.171						-0.407						2.782		-0.529		2.204

		113.000		-0.211						-0.358						2.762		-0.520		2.192

		114.000		-0.250						-0.309						2.741		-0.509		2.182

		115.000		-0.287						-0.259						2.719		-0.495		2.173

		116.000		-0.321						-0.208						2.696		-0.478		2.167

		117.000		-0.354						-0.156						2.673		-0.458		2.163

		118.000		-0.383						-0.105						2.649		-0.435		2.161

		119.000		-0.410						-0.052						2.624		-0.410		2.162

		120.000		-0.433						-0.000						2.598		-0.381		2.165

		121.000		-0.453						0.052						2.572		-0.349		2.171

		122.000		-0.470						0.105						2.544		-0.313		2.179

		123.000		-0.483						0.156						2.516		-0.275		2.189

		124.000		-0.492						0.208						2.487		-0.234		2.203

		125.000		-0.498						0.259						2.457		-0.189		2.218

		126.000		-0.500						0.309						2.427		-0.142		2.236

		127.000		-0.498						0.358						2.396		-0.091		2.256

		128.000		-0.492						0.407						2.364		-0.038		2.278

		129.000		-0.483						0.454						2.331		0.017		2.302

		130.000		-0.470						0.500						2.298		0.075		2.328

		131.000		-0.453						0.545						2.264		0.135		2.356

		132.000		-0.433						0.588						2.229		0.196		2.384

		133.000		-0.410						0.629						2.194		0.260		2.414

		134.000		-0.383						0.669						2.158		0.324		2.444

		135.000		-0.354						0.707						2.121		0.390		2.475

		136.000		-0.321						0.743						2.084		0.456		2.506

		137.000		-0.287						0.777						2.046		0.522		2.536

		138.000		-0.250						0.809						2.007		0.589		2.566

		139.000		-0.211						0.839						1.968		0.655		2.596

		140.000		-0.171						0.866						1.928		0.720		2.623

		141.000		-0.129						0.891						1.888		0.784		2.650

		142.000		-0.087						0.914						1.847		0.847		2.674

		143.000		-0.044						0.934						1.805		0.907		2.695

		144.000		-0.000						0.951						1.763		0.966		2.714

		145.000		0.044						0.966						1.721		1.022		2.730

		146.000		0.087						0.978						1.678		1.075		2.743

		147.000		0.129						0.988						1.634		1.124		2.751

		148.000		0.171						0.995						1.590		1.170		2.755

		149.000		0.211						0.999						1.545		1.211		2.755

		150.000		0.250						1.000						1.500		1.249		2.750

		151.000		0.287						0.999						1.454		1.281		2.740

		152.000		0.321						0.995						1.408		1.309		2.724

		153.000		0.354						0.988						1.362		1.332		2.703

		154.000		0.383						0.978						1.315		1.349		2.676

		155.000		0.410						0.966						1.268		1.361		2.643

		156.000		0.433						0.951						1.220		1.367		2.604

		157.000		0.453						0.934						1.172		1.367		2.559

		158.000		0.470						0.914						1.124		1.361		2.507

		159.000		0.483						0.891						1.075		1.349		2.449

		160.000		0.492						0.866						1.026		1.331		2.384

		161.000		0.498						0.839						0.977		1.307		2.313

		162.000		0.500						0.809						0.927		1.277		2.236

		163.000		0.498						0.777						0.877		1.241		2.152

		164.000		0.492						0.743						0.827		1.200		2.062

		165.000		0.483						0.707						0.776		1.152		1.967

		166.000		0.470						0.669						0.726		1.099		1.865

		167.000		0.453						0.629						0.675		1.041		1.757

		168.000		0.433						0.588						0.624		0.978		1.645

		169.000		0.410						0.545						0.572		0.910		1.527

		170.000		0.383						0.500						0.521		0.837		1.404

		171.000		0.354						0.454						0.469		0.760		1.277

		172.000		0.321						0.407						0.418		0.680		1.146

		173.000		0.287						0.358						0.366		0.596		1.011

		174.000		0.250						0.309						0.314		0.509		0.873

		175.000		0.211						0.259						0.261		0.419		0.732

		176.000		0.171						0.208						0.209		0.327		0.588

		177.000		0.129						0.156						0.157		0.234		0.443

		178.000		0.087						0.105						0.105		0.139		0.296

		179.000		0.044						0.052						0.052		0.044		0.148

		180.000		0.000						0.000						0.000		-0.052		0.000

		181.000		-0.044						-0.052						-0.052		-0.148		-0.148

		182.000		-0.087						-0.105						-0.105		-0.243		-0.296

		183.000		-0.129						-0.156						-0.157		-0.337		-0.443

		184.000		-0.171						-0.208						-0.209		-0.430		-0.588

		185.000		-0.211						-0.259						-0.261		-0.520		-0.732

		186.000		-0.250						-0.309						-0.314		-0.608		-0.873

		187.000		-0.287						-0.358						-0.366		-0.694		-1.011

		188.000		-0.321						-0.407						-0.418		-0.775		-1.146

		189.000		-0.354						-0.454						-0.469		-0.854		-1.277

		190.000		-0.383						-0.500						-0.521		-0.928		-1.404

		191.000		-0.410						-0.545						-0.572		-0.997		-1.527

		192.000		-0.433						-0.588						-0.624		-1.062		-1.645

		193.000		-0.453						-0.629						-0.675		-1.122		-1.757

		194.000		-0.470						-0.669						-0.726		-1.177		-1.865

		195.000		-0.483						-0.707						-0.776		-1.226		-1.967

		196.000		-0.492						-0.743						-0.827		-1.270		-2.062

		197.000		-0.498						-0.777						-0.877		-1.307		-2.152

		198.000		-0.500						-0.809						-0.927		-1.339		-2.236

		199.000		-0.498						-0.839						-0.977		-1.364		-2.313

		200.000		-0.492						-0.866						-1.026		-1.383		-2.384

		201.000		-0.483						-0.891						-1.075		-1.397		-2.449

		202.000		-0.470						-0.914						-1.124		-1.403		-2.507

		203.000		-0.453						-0.934						-1.172		-1.404		-2.559

		204.000		-0.433						-0.951						-1.220		-1.399		-2.604

		205.000		-0.410						-0.966						-1.268		-1.388		-2.643

		206.000		-0.383						-0.978						-1.315		-1.371		-2.676

		207.000		-0.354						-0.988						-1.362		-1.348		-2.703

		208.000		-0.321						-0.995						-1.408		-1.320		-2.724

		209.000		-0.287						-0.999						-1.454		-1.287		-2.740

		210.000		-0.250						-1.000						-1.500		-1.249		-2.750

		211.000		-0.211						-0.999						-1.545		-1.206		-2.755

		212.000		-0.171						-0.995						-1.590		-1.159		-2.755

		213.000		-0.129						-0.988						-1.634		-1.108		-2.751

		214.000		-0.087						-0.978						-1.678		-1.053		-2.743

		215.000		-0.044						-0.966						-1.721		-0.995		-2.730

		216.000		-0.000						-0.951						-1.763		-0.934		-2.714

		217.000		0.044						-0.934						-1.805		-0.870		-2.695

		218.000		0.087						-0.914						-1.847		-0.804		-2.674

		219.000		0.129						-0.891						-1.888		-0.737		-2.650

		220.000		0.171						-0.866						-1.928		-0.668		-2.623

		221.000		0.211						-0.839						-1.968		-0.598		-2.596

		222.000		0.250						-0.809						-2.007		-0.527		-2.566

		223.000		0.287						-0.777						-2.046		-0.456		-2.536

		224.000		0.321						-0.743						-2.084		-0.386		-2.506

		225.000		0.354						-0.707						-2.121		-0.316		-2.475

		226.000		0.383						-0.669						-2.158		-0.246		-2.444

		227.000		0.410						-0.629						-2.194		-0.178		-2.414

		228.000		0.433						-0.588						-2.229		-0.112		-2.384

		229.000		0.453						-0.545						-2.264		-0.047		-2.356

		230.000		0.470						-0.500						-2.298		0.016		-2.328

		231.000		0.483						-0.454						-2.331		0.076		-2.302

		232.000		0.492						-0.407						-2.364		0.134		-2.278

		233.000		0.498						-0.358						-2.396		0.189		-2.256

		234.000		0.500						-0.309						-2.427		0.241		-2.236

		235.000		0.498						-0.259						-2.457		0.290		-2.218

		236.000		0.492						-0.208						-2.487		0.336		-2.203

		237.000		0.483						-0.156						-2.516		0.378		-2.189

		238.000		0.470						-0.105						-2.544		0.418		-2.179

		239.000		0.453						-0.052						-2.572		0.453		-2.171

		240.000		0.433						-0.000						-2.598		0.485		-2.165

		241.000		0.410						0.052						-2.624		0.514		-2.162

		242.000		0.383						0.105						-2.649		0.539		-2.161

		243.000		0.354						0.156						-2.673		0.561		-2.163

		244.000		0.321						0.208						-2.696		0.580		-2.167

		245.000		0.287						0.259						-2.719		0.596		-2.173

		246.000		0.250						0.309						-2.741		0.608		-2.182

		247.000		0.211						0.358						-2.762		0.618		-2.192

		248.000		0.171						0.407						-2.782		0.625		-2.204

		249.000		0.129						0.454						-2.801		0.629		-2.217

		250.000		0.087						0.500						-2.819		0.631		-2.232

		251.000		0.044						0.545						-2.837		0.631		-2.248

		252.000		0.000						0.588						-2.853		0.629		-2.265

		253.000		-0.044						0.629						-2.869		0.626		-2.283

		254.000		-0.087						0.669						-2.884		0.620		-2.301

		255.000		-0.129						0.707						-2.898		0.614		-2.320

		256.000		-0.171						0.743						-2.911		0.606		-2.339

		257.000		-0.211						0.777						-2.923		0.598		-2.357

		258.000		-0.250						0.809						-2.934		0.589		-2.375

		259.000		-0.287						0.839						-2.945		0.579		-2.393

		260.000		-0.321						0.866						-2.954		0.570		-2.410

		261.000		-0.354						0.891						-2.963		0.560		-2.426

		262.000		-0.383						0.914						-2.971		0.551		-2.440

		263.000		-0.410						0.934						-2.978		0.541		-2.454

		264.000		-0.433						0.951						-2.984		0.533		-2.466

		265.000		-0.453						0.966						-2.989		0.525		-2.476

		266.000		-0.470						0.978						-2.993		0.518		-2.484

		267.000		-0.483						0.988						-2.996		0.512		-2.491

		268.000		-0.492						0.995						-2.998		0.506		-2.496

		269.000		-0.498						0.999						-3.000		0.502		-2.499

		270.000		-0.500						1.000						-3.000		0.499		-2.500

		271.000		-0.498						0.999						-3.000		0.496		-2.499

		272.000		-0.492						0.995						-2.998		0.495		-2.496

		273.000		-0.483						0.988						-2.996		0.495		-2.491

		274.000		-0.470						0.978						-2.993		0.496		-2.484

		275.000		-0.453						0.966						-2.989		0.498		-2.476

		276.000		-0.433						0.951						-2.984		0.501		-2.466

		277.000		-0.410						0.934						-2.978		0.504		-2.454

		278.000		-0.383						0.914						-2.971		0.508		-2.440

		279.000		-0.354						0.891						-2.963		0.512		-2.426

		280.000		-0.321						0.866						-2.954		0.517		-2.410

		281.000		-0.287						0.839						-2.945		0.522		-2.393

		282.000		-0.250						0.809						-2.934		0.527		-2.375

		283.000		-0.211						0.777						-2.923		0.532		-2.357

		284.000		-0.171						0.743						-2.911		0.536		-2.339

		285.000		-0.129						0.707						-2.898		0.540		-2.320

		286.000		-0.087						0.669						-2.884		0.542		-2.301

		287.000		-0.044						0.629						-2.869		0.544		-2.283

		288.000		-0.000						0.588						-2.853		0.545		-2.265

		289.000		0.044						0.545						-2.837		0.544		-2.248

		290.000		0.087						0.500						-2.819		0.541		-2.232

		291.000		0.129						0.454						-2.801		0.536		-2.217

		292.000		0.171						0.407						-2.782		0.529		-2.204

		293.000		0.211						0.358						-2.762		0.520		-2.192

		294.000		0.250						0.309						-2.741		0.509		-2.182

		295.000		0.287						0.259						-2.719		0.495		-2.173

		296.000		0.321						0.208						-2.696		0.478		-2.167

		297.000		0.354						0.156						-2.673		0.458		-2.163

		298.000		0.383						0.105						-2.649		0.435		-2.161

		299.000		0.410						0.052						-2.624		0.410		-2.162

		300.000		0.433						0.000						-2.598		0.381		-2.165

		301.000		0.453						-0.052						-2.572		0.349		-2.171

		302.000		0.470						-0.105						-2.544		0.313		-2.179

		303.000		0.483						-0.156						-2.516		0.275		-2.189

		304.000		0.492						-0.208						-2.487		0.234		-2.203

		305.000		0.498						-0.259						-2.457		0.189		-2.218

		306.000		0.500						-0.309						-2.427		0.142		-2.236

		307.000		0.498						-0.358						-2.396		0.091		-2.256

		308.000		0.492						-0.407						-2.364		0.038		-2.278

		309.000		0.483						-0.454						-2.331		-0.017		-2.302

		310.000		0.470						-0.500						-2.298		-0.075		-2.328

		311.000		0.453						-0.545						-2.264		-0.135		-2.356

		312.000		0.433						-0.588						-2.229		-0.196		-2.384

		313.000		0.410						-0.629						-2.194		-0.260		-2.414

		314.000		0.383						-0.669						-2.158		-0.324		-2.444

		315.000		0.354						-0.707						-2.121		-0.390		-2.475

		316.000		0.321						-0.743						-2.084		-0.456		-2.506

		317.000		0.287						-0.777						-2.046		-0.522		-2.536

		318.000		0.250						-0.809						-2.007		-0.589		-2.566

		319.000		0.211						-0.839						-1.968		-0.655		-2.596

		320.000		0.171						-0.866						-1.928		-0.720		-2.623

		321.000		0.129						-0.891						-1.888		-0.784		-2.650

		322.000		0.087						-0.914						-1.847		-0.847		-2.674

		323.000		0.044						-0.934						-1.805		-0.907		-2.695

		324.000		0.000						-0.951						-1.763		-0.966		-2.714

		325.000		-0.044						-0.966						-1.721		-1.022		-2.730

		326.000		-0.087						-0.978						-1.678		-1.075		-2.743

		327.000		-0.129						-0.988						-1.634		-1.124		-2.751

		328.000		-0.171						-0.995						-1.590		-1.170		-2.755

		329.000		-0.211						-0.999						-1.545		-1.211		-2.755

		330.000		-0.250						-1.000						-1.500		-1.249		-2.750

		331.000		-0.287						-0.999						-1.454		-1.281		-2.740

		332.000		-0.321						-0.995						-1.408		-1.309		-2.724

		333.000		-0.354						-0.988						-1.362		-1.332		-2.703

		334.000		-0.383						-0.978						-1.315		-1.349		-2.676

		335.000		-0.410						-0.966						-1.268		-1.361		-2.643

		336.000		-0.433						-0.951						-1.220		-1.367		-2.604

		337.000		-0.453						-0.934						-1.172		-1.367		-2.559

		338.000		-0.470						-0.914						-1.124		-1.361		-2.507

		339.000		-0.483						-0.891						-1.075		-1.349		-2.449

		340.000		-0.492						-0.866						-1.026		-1.331		-2.384

		341.000		-0.498						-0.839						-0.977		-1.307		-2.313

		342.000		-0.500						-0.809						-0.927		-1.277		-2.236

		343.000		-0.498						-0.777						-0.877		-1.241		-2.152

		344.000		-0.492						-0.743						-0.827		-1.200		-2.062

		345.000		-0.483						-0.707						-0.776		-1.152		-1.967

		346.000		-0.470						-0.669						-0.726		-1.099		-1.865

		347.000		-0.453						-0.629						-0.675		-1.041		-1.757

		348.000		-0.433						-0.588						-0.624		-0.978		-1.645

		349.000		-0.410						-0.545						-0.572		-0.910		-1.527

		350.000		-0.383						-0.500						-0.521		-0.837		-1.404

		351.000		-0.354						-0.454						-0.469		-0.760		-1.277

		352.000		-0.321						-0.407						-0.418		-0.680		-1.146

		353.000		-0.287						-0.358						-0.366		-0.596		-1.011

		354.000		-0.250						-0.309						-0.314		-0.509		-0.873

		355.000		-0.211						-0.259						-0.261		-0.419		-0.732

		356.000		-0.171						-0.208						-0.209		-0.327		-0.588

		357.000		-0.129						-0.156						-0.157		-0.234		-0.443

		358.000		-0.087						-0.105						-0.105		-0.139		-0.296

		359.000		-0.044						-0.052						-0.052		-0.044		-0.148

		360.000		-0.000						-0.000						-0.000		0.052		-0.000

		361.000		0.044						0.052						0.052		0.148		0.148

		362.000		0.087						0.105						0.105		0.243		0.296

		363.000		0.129						0.156						0.157		0.337		0.443

		364.000		0.171						0.208						0.209		0.430		0.588

		365.000		0.211						0.259						0.261		0.520		0.732

		366.000		0.250						0.309						0.314		0.608		0.873

		367.000		0.287						0.358						0.366		0.694		1.011

		368.000		0.321						0.407						0.418		0.775		1.146

		369.000		0.354						0.454						0.469		0.854		1.277

		370.000		0.383						0.500						0.521		0.928		1.404

		371.000		0.410						0.545						0.572		0.997		1.527

		372.000		0.433						0.588						0.624		1.062		1.645

		373.000		0.453						0.629						0.675		1.122		1.757

		374.000		0.470						0.669						0.726		1.177		1.865

		375.000		0.483						0.707						0.776		1.226		1.967

		376.000		0.492						0.743						0.827		1.270		2.062

		377.000		0.498						0.777						0.877		1.307		2.152

		378.000		0.500						0.809						0.927		1.339		2.236

		379.000		0.498						0.839						0.977		1.364		2.313

		380.000		0.492						0.866						1.026		1.383		2.384

		381.000		0.483						0.891						1.075		1.397		2.449

		382.000		0.470						0.914						1.124		1.403		2.507

		383.000		0.453						0.934						1.172		1.404		2.559

		384.000		0.433						0.951						1.220		1.399		2.604

		385.000		0.410						0.966						1.268		1.388		2.643

		386.000		0.383						0.978						1.315		1.371		2.676

		387.000		0.354						0.988						1.362		1.348		2.703

		388.000		0.321						0.995						1.408		1.320		2.724

		389.000		0.287						0.999						1.454		1.287		2.740

		390.000		0.250						1.000						1.500		1.249		2.750

		391.000		0.211						0.999						1.545		1.206		2.755

		392.000		0.171						0.995						1.590		1.159		2.755

		393.000		0.129						0.988						1.634		1.108		2.751

		394.000		0.087						0.978						1.678		0.087		2.743
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