Conservation of Energy

It is believed that if all of the various energy terms are accounted for then a “closed” system will conserve energy, meaning that the amount of energy in the system will not change in time.  A closed system is one in which there is no external agent that is introducing energy into the system or allowing it to escape.  (This may be somewhat tautological in that we define a “closed” system as one that conserves energy.)  

We will have a set up similar to the one used for the lab on Newton’s Second law – a cart on a flat track pulled by a string that passes over a pulley and is attached to a hanger. 

· Set the track on two of the larger blocks so that it is level. 

· At one end use a Universal Clamp to secure a Pulley at track level.  At the other end place a Motion Sensor. Plug the yellow plug on the Motion Sensor into Digital Channel 1 of the Pasco Signal Interface and the black plug into Digital Channel 2. Open Data Studio, click on the image of Digital Channel 1, and choose Motion Sensor.  On the middle right choose 20 Hz and the sampling frequency. 
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· Tie one end of a string to a cart, pass it over a pulley and tie the other end to a hanger. (The string coming from the cart should be horizontal.) 

· Decide whether you want to use just the cart or place blocks in it. Record the mass below (approximately .500 kg for the cart and each block)

	Mass of cart with blocks if included (  )
	


· Place the cart so that the string is taut and the hanger hangs just below the pulley. 

· Measure the height of the hanger (distance from the bottom of the hanger to the floor). 

	Hanger Height (  )
	


· Begin recording data and release the cart. Stop recording data as soon as possible after the hanger hits the floor.  Check off that we want to view the Position and Velocity Data. 

· Click on a Table in the lower left hand side and make a table of the Position data. Use the menu’s Edit/Copy and then paste the data into an Excel SpreadSheet.  

· Similarly copy and paste the Velocity data into Excel. 
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· Recall that displacement is the difference between one’s position at a given instant and one’s position at the start. We can calculate displacement in the above example by entering in cell C3 the formula =B3-0.5323 or =B3-$B$3 and copying down. 

· We can then calculate the height of the hanger by taking the initial height and subtracting the displacement, for example, by entering in cell D3 the formula =0.667-C3. 

· We should eliminate any data in which the height reaches zero. We would rather not have to consider the floor as part of our system. Note the time at which this occurs.   (You may also have to remove a few initial rows if you started recording before releasing the cart.)

· Make a graph of velocity versus time for data in the falling time range. It should be a straight line.  Fit it to a line and display the equation. 
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· In the absence of friction and air resistance, theory predicts that the acceleration is given by 
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Enter below the experimental acceleration form the graph and the ideal acceleration from the calculation. 

	Experimental acceleration (  )
	

	Ideal acceleration (  )
	


· Note that the times in the Position data and the times in the Velocity data are not the same.  To compensate somewhat for this problem, we can average two consecutive velocities and assume that the resulting value is a value for an intermediate time and match that intermediate time as much as possible with a position time.  In the example shown below, I have placed a formula averaging the first and second velocities =AVERAGE(F3,F4) into cell G5. This was done because averaging the times corresponding to those velocities 0.0805 and 0.1317 yields 0.1061 which is closest to the Position time in Row 5.  This formula was then copied down the column being sure to stop at the time previously determined to be when the hanger hit the floor. 
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· Next we can calculate the gravitational potential energy using the formula mgh, where m here is the mass of the hanger (it’s the only thing changing height), g is the acceleration due to gravity 9.8 and the height is the value given in column D above.  In the example this was achieved by entering in cell H5 the formula =0.05*9.8*D5. And then copying the formula down. 
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· Next we can calculate the kinetic energy using the formula mv2/2, where this time m is the mass of the hanger and the cart and any blocks in the cart (since they are all moving with the same velocity) and we use the average consecutive velocity (column G) for v. In this example (which had two blocks in the cart), we entered in cell I5 the formula = 1.55*G5^2/2. 

[image: image7.png][t it ow Isert Famet ook pate indon ok

DzE& e n-\gz s8@me 2

arial

15 556522
A B [ D E F G H 1 3
1 |Paosition, Ch 182, Run #2 “Welocity, Ch 182, Run #2

E ~ S s
G = =S L E 1
B g ] s B £ 8ES 32 z
2 = o =] T = > Lo = Sa 4

3 | 3.60E-03 0.5323 0 0.667 0.0805 0.0929

4 0.0548 0.5358 0.0035 0.6635 0.1317 0.1175

5 0.106 0.5403 0.0086 0.6584 0.1828 0.1298 0.1052 0.322616] 0. EIEIESW_

6 0.1573 0.5466 0.0143 0.6527 0.2342 0.1466  0.12365 0.319823 0.011849
7 0.2085 0.5538 0.0215 0.6455 0.2854 0.1567 0.1382 0.316295 0.014802
8 0.2597 0.5603 0.0286 0.6384 0.3366 0.1745 0.15165 0312816 0.017823
9 0.311 0.5691 0.0368 0.6302 0.3879 0.1879 0.1656 0.308798 0.021253
10 0.3622 05779 0.0456 06214 0.4391 0.2047 0.1812 0.304486 0.025446
11 0.4135 0.5877 0.0554 06116 0.4304 0.2192 0.1963 0.299684 0.029864
12 0.4648 0.598 0.0857 0.6013 0.5417 0236 021195 0294637 0.034815
13 0516 0.6034 0.0771 0.5893 0.593 0.2526 0.2276 0.289051 0.040146
14 0.5673 06214 0.0891 05779 0.6442 0.2662 0.2443 0283171 0.046254
15 0.6186 0.6343 0.102 0.565 0.6955 0.2818 02534 027685 0.052148
16 0.6693 0.6483 0.116 0.551 0.7468 0.2941 0274 026999 0.058184
17 07211 0.6624 0.1301 0.5369 0.798 03123 028795 0.263081 0.064259
18 07724 0.6777 0.1454 0.5216 0.8434 0.3275 0.3035 0.255584 0.071387
19 0.8237 0.6935 0.1612 0.5058 0.9006 0.3403 0.3202 0.247842 0.079453
20 0.875 0.7105 0.1782 0.4888 0.952 0.3552 0.3342 0.239512 0.086553
21 0.9263 0.7281 0.1958 0.4712 1.0033 0.3697 0.34805 0.230888 0.093883
2 0.9776 0.746 0.2137 0.4533 1.0546 03853 0.36245 0222117 0.101812
|23 1.029 0.7652 0.2329 0.4341 1.108 0.4001 0.3775 0212709 0.110442
24 1.0803 0.785 0.2527 0.4143 1.1573 0.4132 0.3327 0.203007 0.119515

Ready

44> [DIF\ Sheets

Sheet2 },Sheet3

JJ#J

INUM [

A





· Now we can determine the total mechanical energy by adding the gravitational potential and kinetic energies (cell J5, place the formula =H5+I5). Then we can highlight this most recent column and the corresponding columns in the first column (hold down the Ctrl button to highlight non-adjacent columns). And make a graph of mechanical energy versus time. Excel sometimes adjusts the vertical range to accentuate the variation, but one can right click on the y-axis numbers, choose format axis, and on the Scale tab, force the Minimum value to be 0.  
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· Some mechanical energy appears to be lost in the above graph.  (A simple conservation law of energy result would have been a straight, flat, horizontal line.)  

· Let us assume that any difference between the ideal and experimental accelerations above is accounted for by friction.  We can use F=ma and some algebra to arrive at the conclusion

Ffriction = (Mhang + Mcart)(aideal – aexperimental)

· Calculate the frictional force for your results.

	Frictional Force (   )
	


· We say that the cart must do work to overcome friction.  This work is found by multiplying the friction force by the displacement. Below we placed in cell K5 the formula = 0.046345*C5 where 0.046345 was the frictional force for the example shown here. 
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· The work against friction is converted to heat. To truly test that we would need a thermometer to see if the cart, track or surrounding air got hotter.  All we will do here is add this work to mechanical energy to see if the graph is flatter. This is done by putting in cell L5 the formula =J5+K5.
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· Highlight columns A, J and L. and make a graph. 
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· Right click on the data and choose Select Data….   Select one of the Series on the left and click the Edit button above it. Use the dialog box to give the series a name. 
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		Position, Ch 1&2, Run #2				Velocity, Ch 1&2, Run #2								mgh		1/2 m v^2

		Time ( s )		Position ( m )		Time ( s )		Velocity ( m/s )		Average V		Height

		3.60E-03		0.5323		0.0805		0.0929				0.667

		0.0548		0.5358		0.1317		0.1175				0.6635

		0.106		0.5409		0.1828		0.1298		0.1052		0.6584		0.322616		0.008576956		0.331192956		0.000398567		0.331591523

		0.1573		0.5466		0.2342		0.1466		0.12365		0.6527		0.319823		0.0118492249		0.3316722249		0.0006627335		0.3323349584

		0.2085		0.5538		0.2854		0.1567		0.1382		0.6455		0.316295		0.014801911		0.331096911		0.0009964175		0.3320933285

		0.2597		0.5609		0.3366		0.1745		0.15165		0.6384		0.312816		0.0178232349		0.3306392349		0.001325467		0.3319647019

		0.311		0.5691		0.3879		0.1879		0.1656		0.6302		0.308798		0.021253104		0.330051104		0.001705496		0.3317566

		0.3622		0.5779		0.4391		0.2047		0.1812		0.6214		0.304486		0.025445916		0.329931916		0.002113332		0.332045248
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		0.7724		0.6777		0.8494		0.3275		0.3035		0.5216		0.255584		0.0713869938		0.3269709937		0.006738563		0.3337095568

		0.8237		0.6935		0.9006		0.3409		0.3202		0.5058		0.247842		0.079459231		0.327301231		0.007470814		0.334772045
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		Position, Ch 1&2, Run #1						Velocity, Ch 1&2, Run #1

		Time ( s )		Position ( m )				Time ( s )		Velocity ( m/s )

		4.00E-03		0.6116				0.081		0.3308

		0.0553		0.6264				0.1322		0.3722
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		0.7232		1.0181				0.8004		0.9246
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		0.8262		1.1109				0.9034		0.9803

		0.8776		1.1608				0.9549		0.9819
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Sheet2

		Position, Ch 1&2, Run #2				Velocity, Ch 1&2, Run #2								mgh		1/2 m v^2

		Time ( s )		Position ( m )		Time ( s )		Velocity ( m/s )		Average V		Height

		3.60E-03		0.5323		0.0805		0.0929				0.667

		0.0548		0.5358		0.1317		0.1175				0.6635

		0.106		0.5409		0.1828		0.1298		0.1052		0.6584		0.322616		0.008576956		0.331192956		0.000398567		0.331591523

		0.1573		0.5466		0.2342		0.1466		0.12365		0.6527		0.319823		0.0118492249		0.3316722249		0.0006627335		0.3323349584

		0.2085		0.5538		0.2854		0.1567		0.1382		0.6455		0.316295		0.014801911		0.331096911		0.0009964175		0.3320933285

		0.2597		0.5609		0.3366		0.1745		0.15165		0.6384		0.312816		0.0178232349		0.3306392349		0.001325467		0.3319647019

		0.311		0.5691		0.3879		0.1879		0.1656		0.6302		0.308798		0.021253104		0.330051104		0.001705496		0.3317566

		0.3622		0.5779		0.4391		0.2047		0.1812		0.6214		0.304486		0.025445916		0.329931916		0.002113332		0.332045248

		0.4135		0.5877		0.4904		0.2192		0.1963		0.6116		0.299684		0.0298636097		0.3295476098		0.002567513		0.3321151227

		0.4648		0.598		0.5417		0.236		0.21195		0.6013		0.294637		0.0348151719		0.3294521719		0.0030448665		0.3324970384

		0.516		0.6094		0.593		0.2526		0.2276		0.5899		0.289051		0.040146364		0.329197364		0.0035731995		0.3327705635

		0.5673		0.6214		0.6442		0.2662		0.2443		0.5779		0.283171		0.0462539297		0.3294249297		0.0041293395		0.3335542692

		0.6186		0.6343		0.6955		0.2818		0.2594		0.565		0.27685		0.052148479		0.328998479		0.00472719		0.333725669

		0.6699		0.6483		0.7468		0.2941		0.274		0.551		0.26999		0.0581839		0.3281739		0.00537602		0.33354992

		0.7211		0.6624		0.798		0.3129		0.28795		0.5369		0.263081		0.0642592819		0.3273402819		0.0060294845		0.3333697664

		0.7724		0.6777		0.8494		0.3275		0.3035		0.5216		0.255584		0.0713869938		0.3269709937		0.006738563		0.3337095568

		0.8237		0.6935		0.9006		0.3409		0.3202		0.5058		0.247842		0.079459231		0.327301231		0.007470814		0.334772045

		0.875		0.7105		0.952		0.3552		0.3342		0.4888		0.239512		0.086559471		0.326071471		0.008258679		0.33433015

		0.9263		0.7281		1.0033		0.3697		0.34805		0.4712		0.230888		0.0938825719		0.3247705719		0.009074351		0.3338449229

		0.9776		0.746		1.0546		0.3853		0.36245		0.4533		0.222117		0.1018117519		0.3239287519		0.0099039265		0.3338326784

		1.029		0.7652		1.106		0.4001		0.3775		0.4341		0.212709		0.1104423438		0.3231513437		0.0107937505		0.3339450943

		1.0803		0.785		1.1573		0.4132		0.3927		0.4143		0.203007		0.1195152997		0.3225222998		0.0117113815		0.3342336813

		1.1316		0.8053		1.2086		0.4278		0.40665		0.394		0.19306		0.1281572724		0.3212172724		0.012652185		0.3338694574

		1.1829		0.8268		1.2599		0.4389		0.4205		0.3725		0.182525		0.1370356937		0.3195606938		0.0136486025		0.3332092963

		1.2343		0.8486		1.3113		0.4557		0.43335		0.3507		0.171843		0.1455389724		0.3173819724		0.0146589235		0.3320408959

		1.2856		0.8712		1.3626		0.4702		0.4473		0.3281		0.160769		0.1550598998		0.3158288998		0.0157063205		0.3315352202

		1.3369		0.8944		1.414		0.4878		0.46295		0.3049		0.149401		0.1661000944		0.3155010944		0.0167815245		0.3322826189

		1.3883		0.9188		1.4653		0.4992		0.479		0.2805		0.137445		0.177816775		0.315261775		0.0179123425		0.3331741175

		1.4396		0.9436		1.5167		0.5134		0.4935		0.2557		0.125293		0.1887452438		0.3140382438		0.0190616985		0.3330999423

		1.491		0.9696		1.568		0.5249		0.5063		0.2297		0.112553		0.1986632597		0.3112162598		0.0202666685		0.3314829282

		1.5423		0.9957		1.6194		0.5402		0.51915		0.2036		0.099764		0.2088754599		0.3086394599		0.021476273		0.3301157329

		1.5937		1.0227		1.6708		0.5547		0.53255		0.1766		0.086534		0.2197973644		0.3063313644		0.022727588		0.3290589524

		1.645		1.0504		1.7221		0.5678		0.54745		0.1489		0.072961		0.2322686644		0.3052296644		0.0240113445		0.3292410089
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		1.7478		1.1082		1.8249		0.5882		0.5741		0.0911
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		1.8505		1.1684		1.9276		0.5912		0.5899		0.0309

		1.9019		1.1988		1.979		0.5692		0.5914		0.0005
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		2.056		1.2866						0.50355		-0.0873

		2.1074		1.3093								-0.11

		2.1587		1.3345								-0.1352
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Sheet1

		Position, Ch 1&2, Run #1						Velocity, Ch 1&2, Run #1

		Time ( s )		Position ( m )				Time ( s )		Velocity ( m/s )

		4.00E-03		0.6116				0.081		0.3308

		0.0553		0.6264				0.1322		0.3722

		0.1066		0.6429				0.1836		0.4166

		0.1579		0.6625				0.2349		0.4568

		0.2092		0.6837				0.2862		0.5

		0.2606		0.7071				0.3377		0.5436

		0.3119		0.7329				0.389		0.5856

		0.3633		0.7608				0.4404		0.6291

		0.4147		0.7909				0.4918		0.6737

		0.4661		0.8232				0.5432		0.715

		0.5175		0.8578				0.5947		0.758

		0.5689		0.8947				0.646		0.7992

		0.6203		0.9334				0.6975		0.8422

		0.6718		0.9747				0.749		0.8823

		0.7232		1.0181				0.8004		0.9246

		0.7747		1.0635				0.8519		0.9603

		0.8262		1.1109				0.9034		0.9803

		0.8776		1.1608				0.9549		0.9819

		0.9291		1.2117				1.0064		0.9774

		0.9806		1.2623

		1.0321		1.3125

		1.0836		1.3628





Sheet2

		Position, Ch 1&2, Run #2				Velocity, Ch 1&2, Run #2								mgh		1/2 m v^2

		Time ( s )		Position ( m )		Time ( s )		Velocity ( m/s )		Average V		Height

		3.60E-03		0.5323		0.0805		0.0929				0.667

		0.0548		0.5358		0.1317		0.1175				0.6635

		0.106		0.5409		0.1828		0.1298		0.1052		0.6584		0.322616		0.008576956		0.331192956		0.000398567		0.331591523

		0.1573		0.5466		0.2342		0.1466		0.12365		0.6527		0.319823		0.0118492249		0.3316722249		0.0006627335		0.3323349584

		0.2085		0.5538		0.2854		0.1567		0.1382		0.6455		0.316295		0.014801911		0.331096911		0.0009964175		0.3320933285

		0.2597		0.5609		0.3366		0.1745		0.15165		0.6384		0.312816		0.0178232349		0.3306392349		0.001325467		0.3319647019

		0.311		0.5691		0.3879		0.1879		0.1656		0.6302		0.308798		0.021253104		0.330051104		0.001705496		0.3317566

		0.3622		0.5779		0.4391		0.2047		0.1812		0.6214		0.304486		0.025445916		0.329931916		0.002113332		0.332045248

		0.4135		0.5877		0.4904		0.2192		0.1963		0.6116		0.299684		0.0298636097		0.3295476098		0.002567513		0.3321151227

		0.4648		0.598		0.5417		0.236		0.21195		0.6013		0.294637		0.0348151719		0.3294521719		0.0030448665		0.3324970384

		0.516		0.6094		0.593		0.2526		0.2276		0.5899		0.289051		0.040146364		0.329197364		0.0035731995		0.3327705635

		0.5673		0.6214		0.6442		0.2662		0.2443		0.5779		0.283171		0.0462539297		0.3294249297		0.0041293395		0.3335542692

		0.6186		0.6343		0.6955		0.2818		0.2594		0.565		0.27685		0.052148479		0.328998479		0.00472719		0.333725669

		0.6699		0.6483		0.7468		0.2941		0.274		0.551		0.26999		0.0581839		0.3281739		0.00537602		0.33354992

		0.7211		0.6624		0.798		0.3129		0.28795		0.5369		0.263081		0.0642592819		0.3273402819		0.0060294845		0.3333697664

		0.7724		0.6777		0.8494		0.3275		0.3035		0.5216		0.255584		0.0713869938		0.3269709937		0.006738563		0.3337095568

		0.8237		0.6935		0.9006		0.3409		0.3202		0.5058		0.247842		0.079459231		0.327301231		0.007470814		0.334772045

		0.875		0.7105		0.952		0.3552		0.3342		0.4888		0.239512		0.086559471		0.326071471		0.008258679		0.33433015

		0.9263		0.7281		1.0033		0.3697		0.34805		0.4712		0.230888		0.0938825719		0.3247705719		0.009074351		0.3338449229

		0.9776		0.746		1.0546		0.3853		0.36245		0.4533		0.222117		0.1018117519		0.3239287519		0.0099039265		0.3338326784

		1.029		0.7652		1.106		0.4001		0.3775		0.4341		0.212709		0.1104423438		0.3231513437		0.0107937505		0.3339450943

		1.0803		0.785		1.1573		0.4132		0.3927		0.4143		0.203007		0.1195152997		0.3225222998		0.0117113815		0.3342336813

		1.1316		0.8053		1.2086		0.4278		0.40665		0.394		0.19306		0.1281572724		0.3212172724		0.012652185		0.3338694574

		1.1829		0.8268		1.2599		0.4389		0.4205		0.3725		0.182525		0.1370356937		0.3195606938		0.0136486025		0.3332092963

		1.2343		0.8486		1.3113		0.4557		0.43335		0.3507		0.171843		0.1455389724		0.3173819724		0.0146589235		0.3320408959

		1.2856		0.8712		1.3626		0.4702		0.4473		0.3281		0.160769		0.1550598998		0.3158288998		0.0157063205		0.3315352202

		1.3369		0.8944		1.414		0.4878		0.46295		0.3049		0.149401		0.1661000944		0.3155010944		0.0167815245		0.3322826189

		1.3883		0.9188		1.4653		0.4992		0.479		0.2805		0.137445		0.177816775		0.315261775		0.0179123425		0.3331741175

		1.4396		0.9436		1.5167		0.5134		0.4935		0.2557		0.125293		0.1887452438		0.3140382438		0.0190616985		0.3330999423

		1.491		0.9696		1.568		0.5249		0.5063		0.2297		0.112553		0.1986632597		0.3112162598		0.0202666685		0.3314829282

		1.5423		0.9957		1.6194		0.5402		0.51915		0.2036		0.099764		0.2088754599		0.3086394599		0.021476273		0.3301157329

		1.5937		1.0227		1.6708		0.5547		0.53255		0.1766		0.086534		0.2197973644		0.3063313644		0.022727588		0.3290589524

		1.645		1.0504		1.7221		0.5678		0.54745		0.1489		0.072961		0.2322686644		0.3052296644		0.0240113445		0.3292410089

		1.6964		1.079		1.7735		0.5804		0.56125		0.1203		0.058947		0.2441262109		0.3030732109		0.0253368115		0.3284100224

		1.7478		1.1082		1.8249		0.5882		0.5741		0.0911

		1.7992		1.138		1.8763		0.5916		0.5843		0.0613

		1.8505		1.1684		1.9276		0.5912		0.5899		0.0309

		1.9019		1.1988		1.979		0.5692		0.5914		0.0005

		1.9533		1.2291		2.0304		0.5201		0.5802		-0.0298

		2.0047		1.2596		2.0817		0.487		0.54465		-0.0603

		2.056		1.2866						0.50355		-0.0873

		2.1074		1.3093								-0.11

		2.1587		1.3345								-0.1352
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		Position, Ch 1&2, Run #2								Velocity, Ch 1&2, Run #2

		Time ( s )		Position ( m )		Displacement (m)		Height (m)		Time ( s )		Velocity ( m/s )

		3.60E-03		0.5323		0		0.667		0.0805		0.0929

		0.0548		0.5358		0.0035		0.6635		0.1317		0.1175

		0.106		0.5409		0.0086		0.6584		0.1828		0.1298

		0.1573		0.5466		0.0143		0.6527		0.2342		0.1466

		0.2085		0.5538		0.0215		0.6455		0.2854		0.1567

		0.2597		0.5609		0.0286		0.6384		0.3366		0.1745

		0.311		0.5691		0.0368		0.6302		0.3879		0.1879

		0.3622		0.5779		0.0456		0.6214		0.4391		0.2047

		0.4135		0.5877		0.0554		0.6116		0.4904		0.2192

		0.4648		0.598		0.0657		0.6013		0.5417		0.236

		0.516		0.6094		0.0771		0.5899		0.593		0.2526

		0.5673		0.6214		0.0891		0.5779		0.6442		0.2662

		0.6186		0.6343		0.102		0.565		0.6955		0.2818

		0.6699		0.6483		0.116		0.551		0.7468		0.2941

		0.7211		0.6624		0.1301		0.5369		0.798		0.3129

		0.7724		0.6777		0.1454		0.5216		0.8494		0.3275

		0.8237		0.6935		0.1612		0.5058		0.9006		0.3409

		0.875		0.7105		0.1782		0.4888		0.952		0.3552

		0.9263		0.7281		0.1958		0.4712		1.0033		0.3697

		0.9776		0.746		0.2137		0.4533		1.0546		0.3853

		1.029		0.7652		0.2329		0.4341		1.106		0.4001

		1.0803		0.785		0.2527		0.4143		1.1573		0.4132

		1.1316		0.8053		0.273		0.394		1.2086		0.4278

		1.1829		0.8268		0.2945		0.3725		1.2599		0.4389

		1.2343		0.8486		0.3163		0.3507		1.3113		0.4557

		1.2856		0.8712		0.3389		0.3281		1.3626		0.4702

		1.3369		0.8944		0.3621		0.3049		1.414		0.4878

		1.3883		0.9188		0.3865		0.2805		1.4653		0.4992

		1.4396		0.9436		0.4113		0.2557		1.5167		0.5134

		1.491		0.9696		0.4373		0.2297		1.568		0.5249

		1.5423		0.9957		0.4634		0.2036		1.6194		0.5402

		1.5937		1.0227		0.4904		0.1766		1.6708		0.5547

		1.645		1.0504		0.5181		0.1489		1.7221		0.5678

		1.6964		1.079		0.5467		0.1203		1.7735		0.5804

		1.7478		1.1082		0.5759		0.0911		1.8249		0.5882

		1.7992		1.138		0.6057		0.0613		1.8763		0.5916

		1.8505		1.1684		0.6361		0.0309		1.9276		0.5912

		1.9019		1.1988		0.6665		0.0005		1.979		0.5692

		1.9533		1.2291		0.6968		-0.0298		2.0304		0.5201

		2.0047		1.2596		0.7273		-0.0603		2.0817		0.487

		2.056		1.2866		0.7543		-0.0873

		2.1074		1.3093		0.777		-0.11

		2.1587		1.3345		0.8022		-0.1352
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