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Abstract


Prototype electrochromic windows made by several different U.S. companies have been tested in our laboratory for their long-term durability.  Samples were subjected to alternate coloring and bleaching voltage cycles while exposed to simulated 1-sun irradiance in a temperature-controlled environmental chamber with low relative humidity.  The samples inside the chamber were tested under a matrix of  different conditions.  These conditions include: cycling at different temperatures (65(C, 85(C, and 107(C) under the irradiance, cycling versus no-cycling under the same irradiance and temperature, testing with different voltage waveforms and duty cycles with the same irradiance and temperature, cycling under various filtered irradiance intensities, and simple thermal exposure with no irradiance or cycling.    The electro-optical characteristics of the samples were measured between 350 and 1,100 nm every 4,000 cycles for up to 20,000 cycles.  Photographs of the samples were taken periodically with a digital camera to record cosmetic defects, the extent of residual coloration,  and overall coloration and bleaching uniformity of the samples.  Our results indicate that the most important cause of degradation is the combination of continuous cycling, elevated temperature, and irradiance.  The relative importance of these variables, when considered synergistically or separately, depends on the particular device materials and design.
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1. Introduction


The worldwide effort to develop electrochromic (EC) devices has increased rapidly in recent years, and many companies are in the process of commercializing EC devices for window applications [1-6].  In residential buildings, a crucial requirement for EC window applications is that its lifetime be more than 20 years.  Because it is impractical to wait for results from real-time testing, considerable work has been directed toward examining the durability of EC windows by using accelerated life testing (ACLT) [7-11].  In addition to the choice of an appropriate EC window design, another important purpose of these activities is to elucidate the degradation mechanisms in these windows such that manufacturers can modify their design and extend the lifetime of the product.  In this paper, we report on a systematic study of the factors affecting the degradation of prototype EC windows.  Devices constructed by several manufacturers have been subjected to ACLT in our laboratory for their long-term durability.  Samples were exposed  to a  matrix of different testing conditions and cycled for more than 20,000 times.  Factors that contribute to the degradation of the devices are discussed.  

2. Experimental

2.1 
Measurement System


Small 7.6 cm x 7.6 cm  (3" x 3") prototype EC windows received from different manufacturers were placed in a SolarClimatic 1600 (Atlas Electric Devices, Inc.)  This system used two 4000-W metal halide lamp as the light source with an irradiance of 1000 W/m2 (1 sun) across the horizontal test plan on which the samples were laid.  The spectral power distribution of the lamps in the range of 280(3000 nm satisfies the requirement of CIE (Pub.  No. 85, Table 4).  The output stability of the source was within ±1%, and the working volume of the system chamber is 2.9 m x 0.89 m x 2 m (W x D x H).  The lateral uniformity of the irradiance in the area occupied by the EC devices was ±4%.  The relative humidity (RH) in the chamber was about 20%, and temperature of the chamber could be controlled at -10(C to +90(C.  More detail about characterizing ACLT chambers is available [8].  During our normal operations, the system air temperature was set at 33(C to produce an average illuminated sample temperature of 65(C without auxiliary heating.  Samples tested at elevated temperatures within the same chamber were placed on top of temperature-controlled hot plates constructed of rectangular aluminum sheets (~3 mm thick) bonded to silicone heater pads.  The control temperatures of the hot plates were set at 85(C and 113(C to achieve nominal sample temperatures of 85(C and 107(C, respectively.  The sample temperature fluctuated within ±3(C relative to the desired nominal temperature because of changing absorption properties throughout the coloration cycles of the EC devices.  Samples were exposed to five series of 4000 cycle tests under the 1-sun irradiance in the environmental chamber.  Each series of 4000 cycles lasted about 100 h.   


The coloring and bleaching processes of the EC devices were controlled and recorded by a 48-channel potentiostat (Arbin Battery Testing system).  The transient voltage behavior of an 

EC window tested with this system was measured with the aid of a digital storage oscilloscope and a digital camera.  The polarity of the step voltage applied to the device was changed every minute.  The sampling rate of the oscilloscope was 1 ms/point.  The optical properties of the samples were measured using a photodiode array spectraphotometer (Ocean Optics, Model PCD1000).  The specific description of the optical measurement system has been published elsewhere [8] .

2.2 
Measurement Procedure


Electro-optical properties of all samples were first characterized at room temperature (22(C) using the switching voltage profiles recommended by the device manufacturers.  The samples were then separated into several groups and characterized at different temperatures (65(C, 85(C, and 107(C) in a convection oven.  A thermocouple was attached to the top surface of the sample with aluminum tape (~8 mm2 patch) to measure the sample temperature.  The coloring and bleaching times were adjusted to obtain a contrast ratio (CR, the ratio of transmittances in the bleached and colored states at 550 nm) of at least 5 for all samples at specified temperatures.  The switching parameters obtained in these initial characterizations were used to set up long-term cycling programs to control the multichannel potentiostat.  The programs were tested first using 30-ohm resistors to mimic the EC samples inside the testing chamber.  After all samples were placed inside the environmental chamber and properly connected, they were colored and bleached using the room-temperature testing programs to ensure that all electrical connections, thermocouple connections, and control programs functioned properly.  The chamber air temperature was then stabilized at the set-point temperature (e.g., 33(C to insure nominal sample temperature of 65(C under illumination).  Control temperatures for the samples on the hot plates were then adjusted to achieve nominal temperatures of 85(C and 107(C.


Prototype EC devices received from the manufacturers were tested under a matrix of conditions as shown in Table 1.  Samples held at a nominal temperature of 65(C were subjected to six different conditions: standard, duty cycle, waveform, no cycling and with irradiance, no cycling and no irradiance, and with four neutral-density optical filters.  Samples supplied with auxiliary heating to achieve nominal temperature of 85(C and 107(C were tested using only three conditions: standard, no cycling with irradiance, and no cycling without irradiance.  Results obtained with respect to the three temperatures could be analyzed and compared for only these three conditions.  For samples held at 65(C, the "standard" condition in Table 1 means that the samples were tested under 1-sun irradiance using the voltage profile determined by the initial electro-optical characterization at 65(C.  Figure 1 shows typical voltage and current profiles of an EC window tested under the standard condition.  The "duty cycle" condition in Table 1 means that the samples were tested under 1-sun illumination at 65(C, but every voltage pulse was followed by a relaxation period (open circuit) for the same time as the time for coloring or bleaching.  Figure 2 shows typical voltage and current profiles of an EC window tested using the duty-cycle condition.  Similarly, the "waveform" condition in Table 1 means that the samples were tested under 1-sun illumination at 65(C, but using a voltage ramp of 0.1 V/sec instead of the step voltage as adopted in the standard condition.  Figure 3  shows typical voltage and current profiles of an EC window tested using the waveform  condition.  One sample from each temperature group was tested under 1-sun illumination with no voltage applied (i.e., "no cycles and with irradiance" condition as shown in Table 1).  For the sample tested under the "filter" condition,  a special filter holder was placed on the top of the sample.  The filter area was the same as that of the sample, but it was separated into four parts that could hold four different neutral density filters with a visible transmittance of 91%, 79%, 50%, and 25%, respectively.  The voltage profile used for this sample was the same as used for  the standard condition.  


For the samples tested at 85(C and 107(C, the "standard" condition defines that the samples were tested under 1-sun illumination using the voltage profile determined by the initial electro-optical characterization at 85(C and 107(C, respectively.  The samples tested using conditions of the "no cycles and with irradiance" were placed on top of the same hot plate as the samples under the standard condition, but no voltage was applied.  The samples tested under the condition of no cycles and no irradiance were placed on similar temperature-controlled hot plates outside of the Atlas 1600 for a time corresponding to each 4000 cycles of testing in the chamber.  The set points of the hot plates were 81(C, 98(C, and 125(C to achieve nominal sample temperatures of 65(C, 85(C, and 107(C, respectively.  Finally, one sample from each temperature group was reserved as a control sample in which no degradation under room- temperature storage is expected, but was monitored.


For each 4000 cycles, all samples were exposed to the same amount (~100 h) of 1-sun irradiance (and/or elevated temperature) regardless of the timing of their electrical protocol for color and bleach cycles.  After each of the five 4000-cycle test series, all samples were optically characterized and visual observations of cosmetic defects were noted.  Digital photographs were taken for the more highly degraded samples.  Optical data (as contrast ratios, the transmittance in the bleached states) and cosmetic defect data were then compiled into tabular form using the format  illustrated by Table 1. 

3. Results and Discussion

It is well known that EC windows are very sensitive to over-voltage spikes.  Some devices may be damaged even when subjected to a transient voltage spike that can be present in some voltage supplies.  Therefore, we examined the transient electrical behavior of the multichannel potentiostat while delivering step-voltage pulses to the EC devices.  Digital oscilloscope traces of the transient electrical behavior of an EC device during the coloring and bleaching processes are shown in Figs. 4(a) and 4(b), respectively, for which the sampling rate is 1 ms/point.  No over-voltage spike can be observed in these figures.  If, on the other hand, we replaced the EC window sample with a 10,000-ohm resistor, a distinct over-voltage spike could be observed during first the first 50 ms of the voltage pulse; over-voltage pulses of more than 100% could be recorded as shown in Fig. 5.  These results are not surprising because EC devices, unlike simple resistors, usually have a small resistance and a large capacitance, which manifests itself in a large damping constant for the system (combination of the potentiostat and the device).  The results of Fig. 4 verify that our electrical testing system delivered smooth voltage pulses to the EC devices.
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Long-term cycling results indicate that the degradation of EC windows is the result of the combined effects of elevated temperature, irradiance, and continuous cycling.  The relative importance of these variables, when considered synergistically or separately, depends on the materials of construction and design of the particular device.  In some cases, simulated solar irradiance was the principal factor that contributed to a residual coloration in EC windows.  The bleach-state transmittances of the samples tested at elevated temperature but with no cycling were very close to the original transmittance characteristics of the control samples.  In other cases, temperature was the most detrimental factor and resulted in a large degradation of the EC devices even without illumination or cycling.  


After exposing the samples to 20,000 cycles of testing, samples in all categories at all temperatures exhibited different degrees of degradation.  The types of cosmetic defects in these devices included: color streaks in the bleached state or bleach spots in the colored state, non-uniform coloration, and residual coloration in the bleached state.  The appearance of cosmetic defects and the decline of contrast ratios were accelerated at higher temperatures.  The samples cycled at high temperature, but without illumination, exhibited different residual colorations when compared with those cycled at the same temperature with illumination.  These experiments indicate that different degradation mechanisms in the EC windows may result from using illumination and temperature or just temperature (both with cycling).


Results from samples tested with various neutral density filters revealed that the contrast ratio of the EC windows decreases more rapidly with illumination intensity.  This reduction in the contrast ratio was predominantly the result of increasing residual coloration in the bleached state;  the degree of reduction depends strongly on the configuration and materials in the device.  Photographs of the first-cycle colored state taken immediately after removal from the Atlas 1600 chamber, conclusively show an increased residual coloration and decreased contrast ratio, which is a function of the transmission through the filter.  The areas outside the four circular filtered regions, which were masked by the aluminum filter holder, displayed no residual coloration when cycled repeatedly from a bleached state to a deeply colored state.  Indeed, in other samples that exhibited a residual brown coloration, the areas under the aluminum tape used to secure the thermocouple did not exhibit a residual color and also darkened more during coloring than the surrounding area.  Thus, the intensity of a brown residual coloration was directly proportional to the intensity of light reaching the sample.  Apparently, electrical cycling is another necessary requirement for degradation because uncycled, illuminated samples never exhibited a brown residual color.  


Selected samples were shielded with ~1-cm square patches of UV-absorbing plastic sheet in one corner of the selected devices.  This UV barrier is a commercially available polycarbonate product from GE plastics (Product #HP92W).  Visual observation of these samples showed both a deeper color under the UV barrier patch in the colored state and less residual brown coloration in the bleached state, or both.  Areas under the aluminum tape patches (used to secure the thermocouple) showed this same tendency, but with a much more pronounced effect.  Based on the above results, it is apparent that not only UV light but also visible light above 400 nm contribute to the degradation of the contrast ratio and the formation of residual coloration.  Finally, samples tested using the "duty cycle" and "waveform" conditions showed no conclusive trends or differences when compared with other samples cycled at 65(C under standard conditions. 


In summary, after exposing the prototype EC windows to 20,000 cycles of testing using various conditions, samples in all categories at all temperatures exhibited different kinds and degrees of degradation.  The two basic types of degradation are: (1) a decreased contrast ratio, and (2) an increase in the number of cosmetic defects.  The decline in the contrast ratio of the device at 550 nm results from a decreased transmittance in the bleached state, an increased transmittance in the colored state, or a combination of both.  Cosmetic defects include color streaks in the bleached state or bleached spots in the colored state, non-uniform coloration, and residual coloration in the bleached state.  Of the various testing conditions, temperature and illumination are the most predominant factors that contribute to the degradation of the EC window devices.  Both  UV and visible light with wavelengths above 400 nm contribute to the degradation of the contrast ratio and the formation of residual coloration in the bleached state.  The phenomenon of brown residual coloration requires both electrical cycling and illumination. The relative importance of these factors, when considered synergistically or separately, depends on the materials of construction and design of the particular device.  Manufacturers have made great strides in producing more durable EC device structures.  However, further improvements are required to provide the durability necessary to withstand in-service environmental stresses for lifetimes of 20 years or more.
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Table 1.  Matrix of Testing Conditions for Each Set of EC Devices

Control 

Temperature ((C)

Actual Sample

Temperature ((C)
Contrast ratio (or Cosmetic Defects noted)




Initial
4000 cycles
8000 cycles
12,000

cycles
16,000

cycles
20,000 cycles

65(C
Standard









Duty Cycle









Waveform









No cycles with

irradiance 









No cycles and no irradiance









Filters
91%*










79%*










50%*










25%*








85(C
Standard









No cycles with

irradiance 









No cycles and no irradiance








107(C
Standard









No cycles with

irradiance 









No cycles and no irradiance








Control sample
Room temperature storage








* Solar-weighted transmittance.
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Figure 1.  Typical voltage and current profiles of an EC device tested under the "standard" condition, where a step voltage was used. 
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Figure 2.  Typical voltage and current profiles of an EC device tested under the "duty cycle" condition, where a voltage relaxation period (open circuit) of equal time was used after each voltage pulse.
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Figure 3.  Typical voltage and current profiles of an EC device tested using a trapezoidal waveform in which a voltage ramp of 0.1 V/s is used instead of a step voltage. 

FIGURE CAPTIONS

Figure 1.  Typical voltage and current profiles of an EC device tested under the "standard" condition, where a step voltage was used.

Figure 2.  Typical voltage and current profiles of an EC device tested under the "duty cycle" condition, where a voltage relaxation period (open circuit) of equal time was used after each voltage pulse.

Figure 3.  Typical voltage and current profiles of an EC device tested using a trapezoidal waveform in which a voltage ramp of 0.1 V/s is used instead of a step voltage.
Figure 4.  Transient behavior of the voltage applied to an EC device for which the sampling rate is 1 ms/point: (a) coloring process; (b) bleaching process.   No overshoot voltage spike is observed in these oscilloscope photographs.

Figure 5.  Transient behavior of a 10,000-ohm resistor using a square-wave voltage pulse.  Large voltage overshoots are observed in the oscilloscope traces.
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-0.8375542109

0

-0.8312620691

0

-0.8260241646

0

-0.8216638617

0

-0.8180341199

0

-0.8150125349

0

-0.8124972112

0

-0.8104033255

0

-0.8086602667

0

-0.8072092543

0

-0.8060013564

0

-0.8049958397

0

-0.8041587956

0

-0.8034619967

0

-0.8028819453

0

-0.8023990804

0

-0.8019971187

0

-0.801662505

0

-0.8013839552

0

-0.801152076

0

-0.8009590477

0

-0.8007983609

0

-0.800664597

0

-0.8005532449

0

-0.8004605497

0

-0.8003833854

0

-0.8003191499

0

-0.8002656769

0

-0.8002211632

0

-0.8001841077

0

-0.8001532608

0

-0.8001275822

0

-0.800106206

0

-0.8000884114

0

-0.8000735982

0

-0.800061267

0

-0.8000510018

0

-0.8000424565

0

-0.800035343

0

-0.8000294214

0

-0.8000244919

0



ii

		ii		vv		tt		vv2		ii2		ttd		vvd		iid

		0		0		0		1		380		0		1		380

		2.25		0.1		2		1		350.5352691071		2		1		350.5352691071

		9		0.2		4		1		323.9644394361		4		1		323.9644394361

		20.25		0.30000001		6		1		300.0032842514		6		1		300.0032842514

		36		0.40000001		8		1		278.3954923646		8		1		278.3954923646

		56.25		0.5		10		1		258.9099263883		10		1		258.9099263883

		81		0.60000002		12		1		241.3381502713		12		1		241.3381502713

		110.25		0.69999999		14		1		225.4921996696		14		1		225.4921996696

		144		0.80000001		16		1		211.202571302		16		1		211.202571302

		182.25		0.89999998		18		1		198.3164097824		18		1		198.3164097824

		225		1		20		1		186.6958725342		20		1		186.6958725342

		181.81818		1		22		1		176.2166552955		22		1		176.2166552955

		166.66667		1		24		1		166.7666624432		24		1		166.7666624432

		153.84616		1		26		1		158.244807912		26		1		158.244807912

		142.85715		1		28		1		150.5599338823		28		1		150.5599338823

		133.33333		1		30		1		143.6298356701		30		1		143.6298356701

		125		1		32		1		137.3803823875		32		1		137.3803823875

		117.64706		1		34		1		131.7447239689		34		1		131.7447239689

		111.11111		1		36		1		126.6625760793		36		1		126.6625760793

		105.26316		1		38		1		122.0795752562		38		1		122.0795752562

		100		1		40		1		117.9466973861		40		1		117.9466973861

		95.238098		1		42		1		114.2197332969		42		1		114.2197332969

		90.909088		1		44		1		110.8588158542		44		1		110.8588158542

		86.95652		1		46		1		107.8279935048		46		1		107.8279935048

		83.333336		1		48		1		105.0948457051		48		1		105.0948457051

		80		1		50		1		102.6301361201		50		1		102.6301361201

		76.92308		1		52		1		100.4074998839		52		1		100.4074998839

		74.074074		1		54		1		98.4031615763		54		1		98.4031615763

		71.428574		1		56		1		96.5956808983		56		1		96.5956808983

		68.965515		1		58		1		94.9657233261		58		1		94.9657233261

		66.666664		1		60		1		93.4958532913		60		1		93.4958532913

		64.516129		1		62		1		92.1703476733		62		1		92.1703476733

		62.5		1		64		1		90.9750276098		64		1		90.9750276098

		60.60606		1		66		1		89.8971068262		66		1		89.8971068262

		58.823528		1		68		1		88.9250548621		68		1		88.9250548621

		57.142857		1		70		1		88.0484737297		70		1		88.0484737297

		55.555557		1		72		1		87.2579866879		72		1		87.2579866879

		54.054054		1		74		1		86.5451379393		74		1		86.5451379393

		52.63158		1		76		1		85.9023021791		76		1		85.9023021791

		51.282051		1		78		1		85.3226030279		78		1		85.3226030279

		-142.40453		1		80		1		84.799839475		80		1		84.799839475

		-157.90303		0.89999998		82		1		84.3284195468		82		1		84.3284195468

		-171.39796		0.80000001		84		1		83.9033004897		84		1		83.9033004897

		-182.88931		0.69999999		86		1		83.519934828		86		1		83.519934828

		-192.37709		0.60000002		88		1		83.1742217197		88		1		83.1742217197

		-199.86128		0.5		90		1		82.8624630905		90		1		82.8624630905

		-205.3419		0.40000001		92		1		82.581324075		92		1		82.581324075

		-208.81894		0.30000001		94		1		82.3277973443		94		1		82.3277973443

		-210.29239		0.2		96		1		82.0991709365		96		1		82.0991709365

		-209.76228		0.1		98		1		81.8929992474		98		1		81.8929992474

		-207.22858		0		100		1		81.7070768694		100		1		81.7070768694

		-202.6913		-0.1		102		-1		-300.5352691071		102		0.9956261645		0

		-196.15045		-0.2		104		-1		-273.9644394361		104		0.9628493457		0

		-187.60602		-0.30000001		106		-1		-250.0032842514		106		0.9355642251		0

		-177.05801		-0.40000001		108		-1		-228.3954923646		108		0.9128506783		0

		-153.77689		-0.5		110		-1		-208.9099263883		110		0.8939427462		0

		-136		-0.60000002		112		-1		-191.3381502713		112		0.8782028048		0

		-110		-0.69999999		114		-1		-175.4921996696		114		0.8651000628		0

		-90.148422		-0.80000001		116		-1		-161.202571302		116		0.8541926621		0

		-60.820755		-0.89999998		118		-1		-148.3164097824		118		0.8451127772		0

		-38.477577		-1		120		-1		-136.6958725342		120		0.8375542109		0

		-23.906954		-1		122		-1		-126.2166552955		122		0.8312620691		0

		-14.231618		-1		124		-1		-116.7666624432		124		0.8260241646		0

		-7.6063519		-1		126		-1		-108.244807912		126		0.8216638617		0

		-2.9221656		-1		128		-1		-100.5599338823		128		0.8180341199		0

		0.48909688		-1		130		-1		-93.6298356701		130		0.8150125349		0

		0		-1		132		-1		-87.3803823875		132		0.8124972112		0

		0		-1		134		-1		-81.7447239689		134		0.8104033255		0

		0		-1		136		-1		-76.6625760793		136		0.8086602667		0

		0		-1		138		-1		-72.0795752562		138		0.8072092543		0

		0		-1		140		-1		-67.9466973861		140		0.8060013564		0

		0		-1		142		-1		-64.2197332969		142		0.8049958397		0

		0		-1		144		-1		-60.8588158542		144		0.8041587956		0

		0		-1		146		-1		-57.8279935048		146		0.8034619967		0

		0		-1		148		-1		-55.0948457051		148		0.8028819453		0

		0		-1		150		-1		-52.6301361201		150		0.8023990804		0

		0		-1		152		-1		-50.4074998839		152		0.8019971187		0

		0		-1		154		-1		-48.4031615763		154		0.801662505		0

		0		-1		156		-1		-46.5956808983		156		0.8013839552		0

		0		-1		158		-1		-44.9657233261		158		0.801152076		0

		0		-1		160		-1		-43.4958532913		160		0.8009590477		0

		0		-1		162		-1		-42.1703476733		162		0.8007983609		0

		0		-1		164		-1		-40.9750276098		164		0.800664597		0

		0		-1		166		-1		-39.8971068262		166		0.8005532449		0

		0		-1		168		-1		-38.9250548621		168		0.8004605497		0

		0		-1		170		-1		-38.0484737297		170		0.8003833854		0

		0		-1		172		-1		-37.2579866879		172		0.8003191499		0

		0		-1		174		-1		-36.5451379393		174		0.8002656769		0

		0		-1		176		-1		-35.9023021791		176		0.8002211632		0

		0		-1		178		-1		-35.3226030279		178		0.8001841077		0

		0		-1		180		-1		-34.799839475		180		0.8001532608		0

		0		-1		182		-1		-34.3284195468		182		0.8001275822		0

		0		-0.9		184		-1		-33.9033004897		184		0.800106206		0

		0		-0.8		186		-1		-33.519934828		186		0.8000884114		0

		0		-0.7		188		-1		-33.1742217197		188		0.8000735982		0

		0		-0.6		190		-1		-32.8624630905		190		0.800061267		0

		0		-0.5		192		-1		-32.581324075		192		0.8000510018		0

		0		-0.4		194		-1		-32.3277973443		194		0.8000424565		0

		0		-0.3		196		-1		-32.0991709365		196		0.800035343		0

		0		-0.2		198		-1		-31.8929992474		198		0.8000294214		0

		0		-0.1		200		-1		-31.7070768694		200		0.8000244919		0

		0		0		200		1		380		200		-1		-330

		2.25		0.1		202		1		350.5352691071		202		-1		-300.5352691071

		9		0.2		204		1		323.9644394361		204		-1		-273.9644394361

		20.25		0.30000001		206		1		300.0032842514		206		-1		-250.0032842514

		36		0.40000001		208		1		278.3954923646		208		-1		-228.3954923646

		56.25		0.5		210		1		258.9099263883		210		-1		-208.9099263883

		81		0.60000002		212		1		241.3381502713		212		-1		-191.3381502713

		110.25		0.69999999		214		1		225.4921996696		214		-1		-175.4921996696

		144		0.80000001		216		1		211.202571302		216		-1		-161.202571302

		182.25		0.89999998		218		1		198.3164097824		218		-1		-148.3164097824

		225		1		220		1		186.6958725342		220		-1		-136.6958725342

		181.81818		1		222		1		176.2166552955		222		-1		-126.2166552955

		166.66667		1		224		1		166.7666624432		224		-1		-116.7666624432

		153.84616		1		226		1		158.244807912		226		-1		-108.244807912

		142.85715		1		228		1		150.5599338823		228		-1		-100.5599338823

		133.33333		1		230		1		143.6298356701		230		-1		-93.6298356701

		125		1		232		1		137.3803823875		232		-1		-87.3803823875

		117.64706		1		234		1		131.7447239689		234		-1		-81.7447239689

		111.11111		1		236		1		126.6625760793		236		-1		-76.6625760793

		105.26316		1		238		1		122.0795752562		238		-1		-72.0795752562

		100		1		240		1		117.9466973861		240		-1		-67.9466973861

		95.238098		1		242		1		114.2197332969		242		-1		-64.2197332969

		90.909088		1		244		1		110.8588158542		244		-1		-60.8588158542

		86.95652		1		246		1		107.8279935048		246		-1		-57.8279935048

		83.333336		1		248		1		105.0948457051		248		-1		-55.0948457051

		80		1		250		1		102.6301361201		250		-1		-52.6301361201

		76.92308		1		252		1		100.4074998839		252		-1		-50.4074998839

		74.074074		1		254		1		98.4031615763		254		-1		-48.4031615763

		71.428574		1		256		1		96.5956808983		256		-1		-46.5956808983

		68.965515		1		258		1		94.9657233261		258		-1		-44.9657233261

		66.666664		1		260		1		93.4958532913		260		-1		-43.4958532913

		64.516129		1		262		1		92.1703476733		262		-1		-42.1703476733

		62.5		1		264		1		90.9750276098		264		-1		-40.9750276098

		60.60606		1		266		1		89.8971068262		266		-1		-39.8971068262

		58.823528		1		268		1		88.9250548621		268		-1		-38.9250548621

		57.142857		1		270		1		88.0484737297		270		-1		-38.0484737297

		55.555557		1		272		1		87.2579866879		272		-1		-37.2579866879

		54.054054		1		274		1		86.5451379393		274		-1		-36.5451379393

		52.63158		1		276		1		85.9023021791		276		-1		-35.9023021791

		51.282051		1		278		1		85.3226030279		278		-1		-35.3226030279

		-142.40453		1		280		1		84.799839475		280		-1		-34.799839475

		-157.90303		0.89999998		282		1		84.3284195468		282		-1		-34.3284195468

		-171.39796		0.80000001		284		1		83.9033004897		284		-1		-33.9033004897

		-182.88931		0.69999999		286		1		83.519934828		286		-1		-33.519934828

		-192.37709		0.60000002		288		1		83.1742217197		288		-1		-33.1742217197

		-199.86128		0.5		290		1		82.8624630905		290		-1		-32.8624630905

		-205.3419		0.40000001		292		1		82.581324075		292		-1		-32.581324075

		-208.81894		0.30000001		294		1		82.3277973443		294		-1		-32.3277973443

		-210.29239		0.2		296		1		82.0991709365		296		-1		-32.0991709365

		-209.76228		0.1		298		1		81.8929992474		298		-1		-31.8929992474

		-207.22858		0		300		1		81.7070768694		300		-1		0

		-202.6913		-0.1		302		-1		-300.5352691071		302		-0.9956261645		0

		-196.15045		-0.2		304		-1		-273.9644394361		304		-0.9628493457		0

		-187.60602		-0.30000001		306		-1		-250.0032842514		306		-0.9355642251		0

		-177.05801		-0.40000001		308		-1		-228.3954923646		308		-0.9128506783		0

		-153.77689		-0.5		310		-1		-208.9099263883		310		-0.8939427462		0

		-136		-0.60000002		312		-1		-191.3381502713		312		-0.8782028048		0

		-110		-0.69999999		314		-1		-175.4921996696		314		-0.8651000628		0

		-90.148422		-0.80000001		316		-1		-161.202571302		316		-0.8541926621		0

		-60.820755		-0.89999998		318		-1		-148.3164097824		318		-0.8451127772		0

		-38.477577		-1		320		-1		-136.6958725342		320		-0.8375542109		0

		-23.906954		-1		322		-1		-126.2166552955		322		-0.8312620691		0

		-14.231618		-1		324		-1		-116.7666624432		324		-0.8260241646		0

		-7.6063519		-1		326		-1		-108.244807912		326		-0.8216638617		0

		-2.9221656		-1		328		-1		-100.5599338823		328		-0.8180341199		0

		0.48909688		-1		330		-1		-93.6298356701		330		-0.8150125349		0

		0		-1		332		-1		-87.3803823875		332		-0.8124972112		0

		0		-1		334		-1		-81.7447239689		334		-0.8104033255		0

		0		-1		336		-1		-76.6625760793		336		-0.8086602667		0

		0		-1		338		-1		-72.0795752562		338		-0.8072092543		0

		0		-1		340		-1		-67.9466973861		340		-0.8060013564		0

		0		-1		342		-1		-64.2197332969		342		-0.8049958397		0

		0		-1		344		-1		-60.8588158542		344		-0.8041587956		0

		0		-1		346		-1		-57.8279935048		346		-0.8034619967		0

		0		-1		348		-1		-55.0948457051		348		-0.8028819453		0

		0		-1		350		-1		-52.6301361201		350		-0.8023990804		0

		0		-1		352		-1		-50.4074998839		352		-0.8019971187		0

		0		-1		354		-1		-48.4031615763		354		-0.801662505		0

		0		-1		356		-1		-46.5956808983		356		-0.8013839552		0

		0		-1		358		-1		-44.9657233261		358		-0.801152076		0

		0		-1		360		-1		-43.4958532913		360		-0.8009590477		0

		0		-1		362		-1		-42.1703476733		362		-0.8007983609		0

		0		-1		364		-1		-40.9750276098		364		-0.800664597		0

		0		-1		366		-1		-39.8971068262		366		-0.8005532449		0

		0		-1		368		-1		-38.9250548621		368		-0.8004605497		0

		0		-1		370		-1		-38.0484737297		370		-0.8003833854		0
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		156		156

		158		158

		160		160

		162		162

		164		164

		166		166

		168		168

		170		170

		172		172

		174		174

		176		176

		178		178

		180		180

		182		182

		184		184

		186		186

		188		188

		190		190

		192		192

		194		194

		196		196

		198		198

		200		200

		200		200

		202		202

		204		204

		206		206

		208		208

		210		210

		212		212

		214		214

		216		216

		218		218

		220		220

		222		222

		224		224

		226		226

		228		228

		230		230

		232		232

		234		234

		236		236

		238		238

		240		240

		242		242

		244		244

		246		246

		248		248

		250		250

		252		252

		254		254

		256		256

		258		258

		260		260

		262		262

		264		264

		266		266

		268		268

		270		270

		272		272

		274		274

		276		276

		278		278

		280		280

		282		282

		284		284

		286		286

		288		288

		290		290

		292		292

		294		294

		296		296

		298		298

		300		300

		302		302

		304		304

		306		306

		308		308

		310		310

		312		312

		314		314

		316		316

		318		318

		320		320

		322		322

		324		324

		326		326

		328		328

		330		330

		332		332

		334		334

		336		336

		338		338

		340		340

		342		342

		344		344

		346		346

		348		348

		350		350

		352		352

		354		354

		356		356

		358		358

		360		360

		362		362

		364		364

		366		366

		368		368

		370		370

		372		372

		374		374

		376		376

		378		378

		380		380

		382		382

		384		384

		386		386

		388		388

		390		390

		392		392

		394		394

		396		396

		398		398

		400		400



Voltage

Current

Time (s)

Voltage (V)

Current (mA)

1

380

1

350.5352691071

1

323.9644394361

1

300.0032842514

1

278.3954923646

1

258.9099263883

1

241.3381502713

1

225.4921996696

1

211.202571302

1

198.3164097824

1

186.6958725342

1

176.2166552955

1

166.7666624432

1

158.244807912

1

150.5599338823

1

143.6298356701

1

137.3803823875

1

131.7447239689

1

126.6625760793

1

122.0795752562

1

117.9466973861

1

114.2197332969

1

110.8588158542

1

107.8279935048

1

105.0948457051

1

102.6301361201

1

100.4074998839

1

98.4031615763

1

96.5956808983

1

94.9657233261

1

93.4958532913

1

92.1703476733

1

90.9750276098

1

89.8971068262

1

88.9250548621

1

88.0484737297

1

87.2579866879

1

86.5451379393

1

85.9023021791

1

85.3226030279

1

84.799839475

1

84.3284195468

1

83.9033004897

1

83.519934828

1

83.1742217197

1

82.8624630905

1

82.581324075

1

82.3277973443

1

82.0991709365

1

81.8929992474

1

81.7070768694

0.9956261645

0

0.9628493457

0

0.9355642251

0

0.9128506783

0

0.8939427462

0

0.8782028048

0

0.8651000628

0

0.8541926621

0

0.8451127772

0

0.8375542109

0

0.8312620691

0

0.8260241646

0

0.8216638617

0

0.8180341199

0

0.8150125349

0

0.8124972112

0

0.8104033255

0

0.8086602667

0

0.8072092543

0

0.8060013564

0

0.8049958397

0

0.8041587956

0

0.8034619967

0

0.8028819453

0

0.8023990804

0

0.8019971187

0

0.801662505

0

0.8013839552

0

0.801152076

0

0.8009590477

0

0.8007983609

0

0.800664597

0

0.8005532449

0

0.8004605497

0

0.8003833854

0

0.8003191499

0

0.8002656769

0

0.8002211632

0

0.8001841077

0

0.8001532608

0

0.8001275822

0

0.800106206

0

0.8000884114

0

0.8000735982

0

0.800061267

0

0.8000510018

0

0.8000424565

0

0.800035343

0

0.8000294214

0

0.8000244919

0

-1

-330

-1

-300.5352691071

-1

-273.9644394361

-1

-250.0032842514

-1

-228.3954923646

-1

-208.9099263883

-1

-191.3381502713

-1

-175.4921996696

-1

-161.202571302

-1

-148.3164097824

-1

-136.6958725342

-1

-126.2166552955

-1

-116.7666624432

-1

-108.244807912

-1

-100.5599338823

-1

-93.6298356701

-1

-87.3803823875

-1

-81.7447239689

-1

-76.6625760793

-1

-72.0795752562

-1

-67.9466973861

-1

-64.2197332969

-1

-60.8588158542

-1

-57.8279935048

-1

-55.0948457051

-1

-52.6301361201

-1

-50.4074998839

-1

-48.4031615763

-1

-46.5956808983

-1

-44.9657233261

-1

-43.4958532913

-1

-42.1703476733

-1

-40.9750276098

-1

-39.8971068262

-1

-38.9250548621

-1

-38.0484737297

-1

-37.2579866879

-1

-36.5451379393

-1

-35.9023021791

-1

-35.3226030279

-1

-34.799839475

-1

-34.3284195468

-1

-33.9033004897

-1

-33.519934828

-1

-33.1742217197

-1

-32.8624630905

-1

-32.581324075

-1

-32.3277973443

-1

-32.0991709365

-1

-31.8929992474

-1

0

-0.9956261645

0

-0.9628493457

0

-0.9355642251

0

-0.9128506783

0

-0.8939427462

0

-0.8782028048

0

-0.8651000628

0

-0.8541926621

0

-0.8451127772

0

-0.8375542109

0

-0.8312620691

0

-0.8260241646

0

-0.8216638617

0

-0.8180341199

0

-0.8150125349

0

-0.8124972112

0

-0.8104033255

0

-0.8086602667

0

-0.8072092543

0

-0.8060013564

0

-0.8049958397

0

-0.8041587956

0

-0.8034619967

0

-0.8028819453

0

-0.8023990804

0

-0.8019971187

0

-0.801662505

0

-0.8013839552

0

-0.801152076

0

-0.8009590477

0

-0.8007983609

0

-0.800664597

0

-0.8005532449

0

-0.8004605497

0

-0.8003833854

0

-0.8003191499

0

-0.8002656769

0

-0.8002211632

0

-0.8001841077

0

-0.8001532608

0

-0.8001275822

0

-0.800106206

0

-0.8000884114

0

-0.8000735982

0

-0.800061267

0

-0.8000510018

0

-0.8000424565

0

-0.800035343

0

-0.8000294214

0

-0.8000244919

0



ii

		ii		vv		tt		vv2		ii2		ttd		vvd		iid

		0		0		0		1		380		0		1		380

		2.25		0.1		2		1		350.5352691071		2		1		350.5352691071

		9		0.2		4		1		323.9644394361		4		1		323.9644394361

		20.25		0.30000001		6		1		300.0032842514		6		1		300.0032842514

		36		0.40000001		8		1		278.3954923646		8		1		278.3954923646

		56.25		0.5		10		1		258.9099263883		10		1		258.9099263883

		81		0.60000002		12		1		241.3381502713		12		1		241.3381502713

		110.25		0.69999999		14		1		225.4921996696		14		1		225.4921996696

		144		0.80000001		16		1		211.202571302		16		1		211.202571302

		182.25		0.89999998		18		1		198.3164097824		18		1		198.3164097824

		225		1		20		1		186.6958725342		20		1		186.6958725342

		181.81818		1		22		1		176.2166552955		22		1		176.2166552955

		166.66667		1		24		1		166.7666624432		24		1		166.7666624432

		153.84616		1		26		1		158.244807912		26		1		158.244807912

		142.85715		1		28		1		150.5599338823		28		1		150.5599338823

		133.33333		1		30		1		143.6298356701		30		1		143.6298356701

		125		1		32		1		137.3803823875		32		1		137.3803823875

		117.64706		1		34		1		131.7447239689		34		1		131.7447239689

		111.11111		1		36		1		126.6625760793		36		1		126.6625760793

		105.26316		1		38		1		122.0795752562		38		1		122.0795752562

		100		1		40		1		117.9466973861		40		1		117.9466973861

		95.238098		1		42		1		114.2197332969		42		1		114.2197332969

		90.909088		1		44		1		110.8588158542		44		1		110.8588158542

		86.95652		1		46		1		107.8279935048		46		1		107.8279935048

		83.333336		1		48		1		105.0948457051		48		1		105.0948457051

		80		1		50		1		102.6301361201		50		1		102.6301361201

		76.92308		1		52		1		100.4074998839		52		1		100.4074998839

		74.074074		1		54		1		98.4031615763		54		1		98.4031615763

		71.428574		1		56		1		96.5956808983		56		1		96.5956808983

		68.965515		1		58		1		94.9657233261		58		1		94.9657233261

		66.666664		1		60		1		93.4958532913		60		1		93.4958532913

		64.516129		1		62		1		92.1703476733		62		1		92.1703476733

		62.5		1		64		1		90.9750276098		64		1		90.9750276098

		60.60606		1		66		1		89.8971068262		66		1		89.8971068262

		58.823528		1		68		1		88.9250548621		68		1		88.9250548621

		57.142857		1		70		1		88.0484737297		70		1		88.0484737297

		55.555557		1		72		1		87.2579866879		72		1		87.2579866879

		54.054054		1		74		1		86.5451379393		74		1		86.5451379393

		52.63158		1		76		1		85.9023021791		76		1		85.9023021791

		51.282051		1		78		1		85.3226030279		78		1		85.3226030279

		-142.40453		1		80		1		84.799839475		80		1		84.799839475

		-157.90303		0.89999998		82		1		84.3284195468		82		1		84.3284195468

		-171.39796		0.80000001		84		1		83.9033004897		84		1		83.9033004897

		-182.88931		0.69999999		86		1		83.519934828		86		1		83.519934828

		-192.37709		0.60000002		88		1		83.1742217197		88		1		83.1742217197

		-199.86128		0.5		90		1		82.8624630905		90		1		82.8624630905

		-205.3419		0.40000001		92		1		82.581324075		92		1		82.581324075

		-208.81894		0.30000001		94		1		82.3277973443		94		1		82.3277973443

		-210.29239		0.2		96		1		82.0991709365		96		1		82.0991709365

		-209.76228		0.1		98		1		81.8929992474		98		1		81.8929992474

		-207.22858		0		100		1		81.7070768694		100		1		81.7070768694

		-202.6913		-0.1		102		-1		-300.5352691071		102		0.9956261645		0

		-196.15045		-0.2		104		-1		-273.9644394361		104		0.9628493457		0

		-187.60602		-0.30000001		106		-1		-250.0032842514		106		0.9355642251		0

		-177.05801		-0.40000001		108		-1		-228.3954923646		108		0.9128506783		0

		-153.77689		-0.5		110		-1		-208.9099263883		110		0.8939427462		0

		-136		-0.60000002		112		-1		-191.3381502713		112		0.8782028048		0

		-110		-0.69999999		114		-1		-175.4921996696		114		0.8651000628		0

		-90.148422		-0.80000001		116		-1		-161.202571302		116		0.8541926621		0

		-60.820755		-0.89999998		118		-1		-148.3164097824		118		0.8451127772		0

		-38.477577		-1		120		-1		-136.6958725342		120		0.8375542109		0

		-23.906954		-1		122		-1		-126.2166552955		122		0.8312620691		0

		-14.231618		-1		124		-1		-116.7666624432		124		0.8260241646		0

		-7.6063519		-1		126		-1		-108.244807912		126		0.8216638617		0

		-2.9221656		-1		128		-1		-100.5599338823		128		0.8180341199		0

		0.48909688		-1		130		-1		-93.6298356701		130		0.8150125349		0

		0		-1		132		-1		-87.3803823875		132		0.8124972112		0

		0		-1		134		-1		-81.7447239689		134		0.8104033255		0

		0		-1		136		-1		-76.6625760793		136		0.8086602667		0

		0		-1		138		-1		-72.0795752562		138		0.8072092543		0

		0		-1		140		-1		-67.9466973861		140		0.8060013564		0

		0		-1		142		-1		-64.2197332969		142		0.8049958397		0

		0		-1		144		-1		-60.8588158542		144		0.8041587956		0

		0		-1		146		-1		-57.8279935048		146		0.8034619967		0

		0		-1		148		-1		-55.0948457051		148		0.8028819453		0

		0		-1		150		-1		-52.6301361201		150		0.8023990804		0

		0		-1		152		-1		-50.4074998839		152		0.8019971187		0

		0		-1		154		-1		-48.4031615763		154		0.801662505		0

		0		-1		156		-1		-46.5956808983		156		0.8013839552		0

		0		-1		158		-1		-44.9657233261		158		0.801152076		0

		0		-1		160		-1		-43.4958532913		160		0.8009590477		0

		0		-1		162		-1		-42.1703476733		162		0.8007983609		0

		0		-1		164		-1		-40.9750276098		164		0.800664597		0

		0		-1		166		-1		-39.8971068262		166		0.8005532449		0

		0		-1		168		-1		-38.9250548621		168		0.8004605497		0

		0		-1		170		-1		-38.0484737297		170		0.8003833854		0

		0		-1		172		-1		-37.2579866879		172		0.8003191499		0

		0		-1		174		-1		-36.5451379393		174		0.8002656769		0

		0		-1		176		-1		-35.9023021791		176		0.8002211632		0

		0		-1		178		-1		-35.3226030279		178		0.8001841077		0

		0		-1		180		-1		-34.799839475		180		0.8001532608		0

		0		-1		182		-1		-34.3284195468		182		0.8001275822		0

		0		-1		184		-1		-33.9033004897		184		0.800106206		0

		0		-1		186		-1		-33.519934828		186		0.8000884114		0

		0		-1		188		-1		-33.1742217197		188		0.8000735982		0

		0		-1		190		-1		-32.8624630905		190		0.800061267		0

		0		-1		192		-1		-32.581324075		192		0.8000510018		0

		0		-1		194		-1		-32.3277973443		194		0.8000424565		0

		0		-1		196		-1		-32.0991709365		196		0.800035343		0

		0		-1		198		-1		-31.8929992474		198		0.8000294214		0

		0		-1		200		-1		-31.7070768694		200		0.8000244919		0

		0		0		200		1		380		200		-1		-330

		2.25		0.1		202		1		350.5352691071		202		-1		-300.5352691071

		9		0.2		204		1		323.9644394361		204		-1		-273.9644394361

		20.25		0.30000001		206		1		300.0032842514		206		-1		-250.0032842514

		36		0.40000001		208		1		278.3954923646		208		-1		-228.3954923646

		56.25		0.5		210		1		258.9099263883		210		-1		-208.9099263883

		81		0.60000002		212		1		241.3381502713		212		-1		-191.3381502713

		110.25		0.69999999		214		1		225.4921996696		214		-1		-175.4921996696

		144		0.80000001		216		1		211.202571302		216		-1		-161.202571302

		182.25		0.89999998		218		1		198.3164097824		218		-1		-148.3164097824

		225		1		220		1		186.6958725342		220		-1		-136.6958725342

		181.81818		1		222		1		176.2166552955		222		-1		-126.2166552955

		166.66667		1		224		1		166.7666624432		224		-1		-116.7666624432

		153.84616		1		226		1		158.244807912		226		-1		-108.244807912

		142.85715		1		228		1		150.5599338823		228		-1		-100.5599338823

		133.33333		1		230		1		143.6298356701		230		-1		-93.6298356701

		125		1		232		1		137.3803823875		232		-1		-87.3803823875

		117.64706		1		234		1		131.7447239689		234		-1		-81.7447239689

		111.11111		1		236		1		126.6625760793		236		-1		-76.6625760793

		105.26316		1		238		1		122.0795752562		238		-1		-72.0795752562

		100		1		240		1		117.9466973861		240		-1		-67.9466973861

		95.238098		1		242		1		114.2197332969		242		-1		-64.2197332969

		90.909088		1		244		1		110.8588158542		244		-1		-60.8588158542

		86.95652		1		246		1		107.8279935048		246		-1		-57.8279935048

		83.333336		1		248		1		105.0948457051		248		-1		-55.0948457051

		80		1		250		1		102.6301361201		250		-1		-52.6301361201

		76.92308		1		252		1		100.4074998839		252		-1		-50.4074998839

		74.074074		1		254		1		98.4031615763		254		-1		-48.4031615763

		71.428574		1		256		1		96.5956808983		256		-1		-46.5956808983

		68.965515		1		258		1		94.9657233261		258		-1		-44.9657233261

		66.666664		1		260		1		93.4958532913		260		-1		-43.4958532913

		64.516129		1		262		1		92.1703476733		262		-1		-42.1703476733

		62.5		1		264		1		90.9750276098		264		-1		-40.9750276098

		60.60606		1		266		1		89.8971068262		266		-1		-39.8971068262

		58.823528		1		268		1		88.9250548621		268		-1		-38.9250548621

		57.142857		1		270		1		88.0484737297		270		-1		-38.0484737297

		55.555557		1		272		1		87.2579866879		272		-1		-37.2579866879

		54.054054		1		274		1		86.5451379393		274		-1		-36.5451379393

		52.63158		1		276		1		85.9023021791		276		-1		-35.9023021791

		51.282051		1		278		1		85.3226030279		278		-1		-35.3226030279

		-142.40453		1		280		1		84.799839475		280		-1		-34.799839475

		-157.90303		0.89999998		282		1		84.3284195468		282		-1		-34.3284195468

		-171.39796		0.80000001		284		1		83.9033004897		284		-1		-33.9033004897

		-182.88931		0.69999999		286		1		83.519934828		286		-1		-33.519934828

		-192.37709		0.60000002		288		1		83.1742217197		288		-1		-33.1742217197

		-199.86128		0.5		290		1		82.8624630905		290		-1		-32.8624630905

		-205.3419		0.40000001		292		1		82.581324075		292		-1		-32.581324075

		-208.81894		0.30000001		294		1		82.3277973443		294		-1		-32.3277973443

		-210.29239		0.2		296		1		82.0991709365		296		-1		-32.0991709365

		-209.76228		0.1		298		1		81.8929992474		298		-1		-31.8929992474

		-207.22858		0		300		1		81.7070768694		300		-1		0

		-202.6913		-0.1		302		-1		-300.5352691071		302		-0.9956261645		0

		-196.15045		-0.2		304		-1		-273.9644394361		304		-0.9628493457		0

		-187.60602		-0.30000001		306		-1		-250.0032842514		306		-0.9355642251		0

		-177.05801		-0.40000001		308		-1		-228.3954923646		308		-0.9128506783		0

		-153.77689		-0.5		310		-1		-208.9099263883		310		-0.8939427462		0

		-136		-0.60000002		312		-1		-191.3381502713		312		-0.8782028048		0

		-110		-0.69999999		314		-1		-175.4921996696		314		-0.8651000628		0

		-90.148422		-0.80000001		316		-1		-161.202571302		316		-0.8541926621		0

		-60.820755		-0.89999998		318		-1		-148.3164097824		318		-0.8451127772		0

		-38.477577		-1		320		-1		-136.6958725342		320		-0.8375542109		0

		-23.906954		-1		322		-1		-126.2166552955		322		-0.8312620691		0

		-14.231618		-1		324		-1		-116.7666624432		324		-0.8260241646		0

		-7.6063519		-1		326		-1		-108.244807912		326		-0.8216638617		0

		-2.9221656		-1		328		-1		-100.5599338823		328		-0.8180341199		0

		0.48909688		-1		330		-1		-93.6298356701		330		-0.8150125349		0

		0		-1		332		-1		-87.3803823875		332		-0.8124972112		0

		0		-1		334		-1		-81.7447239689		334		-0.8104033255		0

		0		-1		336		-1		-76.6625760793		336		-0.8086602667		0

		0		-1		338		-1		-72.0795752562		338		-0.8072092543		0

		0		-1		340		-1		-67.9466973861		340		-0.8060013564		0

		0		-1		342		-1		-64.2197332969		342		-0.8049958397		0

		0		-1		344		-1		-60.8588158542		344		-0.8041587956		0

		0		-1		346		-1		-57.8279935048		346		-0.8034619967		0

		0		-1		348		-1		-55.0948457051		348		-0.8028819453		0

		0		-1		350		-1		-52.6301361201		350		-0.8023990804		0

		0		-1		352		-1		-50.4074998839		352		-0.8019971187		0

		0		-1		354		-1		-48.4031615763		354		-0.801662505		0

		0		-1		356		-1		-46.5956808983		356		-0.8013839552		0

		0		-1		358		-1		-44.9657233261		358		-0.801152076		0

		0		-1		360		-1		-43.4958532913		360		-0.8009590477		0

		0		-1		362		-1		-42.1703476733		362		-0.8007983609		0

		0		-1		364		-1		-40.9750276098		364		-0.800664597		0

		0		-1		366		-1		-39.8971068262		366		-0.8005532449		0

		0		-1		368		-1		-38.9250548621		368		-0.8004605497		0

		0		-1		370		-1		-38.0484737297		370		-0.8003833854		0

		0		-1		372		-1		-37.2579866879		372		-0.8003191499		0

		0		-1		374		-1		-36.5451379393		374		-0.8002656769		0

		0		-1		376		-1		-35.9023021791		376		-0.8002211632		0

		0		-1		378		-1		-35.3226030279		378		-0.8001841077		0

		0		-1		380		-1		-34.799839475		380		-0.8001532608		0

		0		-1		382		-1		-34.3284195468		382		-0.8001275822		0

		0		-1		384		-1		-33.9033004897		384		-0.800106206		0

		0		-1		386		-1		-33.519934828		386		-0.8000884114		0

		0		-1		388		-1		-33.1742217197		388		-0.8000735982		0

		0		-1		390		-1		-32.8624630905		390		-0.800061267		0

		0		-1		392		-1		-32.581324075		392		-0.8000510018		0

		0		-1		394		-1		-32.3277973443		394		-0.8000424565		0

		0		-1		396		-1		-32.0991709365		396		-0.800035343		0

		0		-1		398		-1		-31.8929992474		398		-0.8000294214		0

		0		-1		400		-1		-31.7070768694		400		-0.8000244919		0
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ii

		ii		vv		tt		vv2		ii2		ttd		vvd		iid

		0		0		0		1		380		0		1		380

		2.25		0.1		2		1		350.5352691071		2		1		350.5352691071

		9		0.2		4		1		323.9644394361		4		1		323.9644394361

		20.25		0.30000001		6		1		300.0032842514		6		1		300.0032842514

		36		0.40000001		8		1		278.3954923646		8		1		278.3954923646

		56.25		0.5		10		1		258.9099263883		10		1		258.9099263883

		81		0.60000002		12		1		241.3381502713		12		1		241.3381502713

		110.25		0.69999999		14		1		225.4921996696		14		1		225.4921996696

		144		0.80000001		16		1		211.202571302		16		1		211.202571302

		182.25		0.89999998		18		1		198.3164097824		18		1		198.3164097824

		225		1		20		1		186.6958725342		20		1		186.6958725342

		181.81818		1		22		1		176.2166552955		22		1		176.2166552955

		166.66667		1		24		1		166.7666624432		24		1		166.7666624432

		153.84616		1		26		1		158.244807912		26		1		158.244807912

		142.85715		1		28		1		150.5599338823		28		1		150.5599338823

		133.33333		1		30		1		143.6298356701		30		1		143.6298356701

		125		1		32		1		137.3803823875		32		1		137.3803823875

		117.64706		1		34		1		131.7447239689		34		1		131.7447239689

		111.11111		1		36		1		126.6625760793		36		1		126.6625760793

		105.26316		1		38		1		122.0795752562		38		1		122.0795752562

		100		1		40		1		117.9466973861		40		1		117.9466973861

		95.238098		1		42		1		114.2197332969		42		1		114.2197332969

		90.909088		1		44		1		110.8588158542		44		1		110.8588158542

		86.95652		1		46		1		107.8279935048		46		1		107.8279935048

		83.333336		1		48		1		105.0948457051		48		1		105.0948457051

		80		1		50		1		102.6301361201		50		1		102.6301361201

		76.92308		1		52		1		100.4074998839		52		1		100.4074998839

		74.074074		1		54		1		98.4031615763		54		1		98.4031615763

		71.428574		1		56		1		96.5956808983		56		1		96.5956808983

		68.965515		1		58		1		94.9657233261		58		1		94.9657233261

		66.666664		1		60		1		93.4958532913		60		1		93.4958532913

		64.516129		1		62		1		92.1703476733		62		1		92.1703476733

		62.5		1		64		1		90.9750276098		64		1		90.9750276098

		60.60606		1		66		1		89.8971068262		66		1		89.8971068262

		58.823528		1		68		1		88.9250548621		68		1		88.9250548621

		57.142857		1		70		1		88.0484737297		70		1		88.0484737297

		55.555557		1		72		1		87.2579866879		72		1		87.2579866879

		54.054054		1		74		1		86.5451379393		74		1		86.5451379393

		52.63158		1		76		1		85.9023021791		76		1		85.9023021791

		51.282051		1		78		1		85.3226030279		78		1		85.3226030279

		-142.40453		1		80		1		84.799839475		80		1		84.799839475

		-157.90303		0.89999998		82		1		84.3284195468		82		1		84.3284195468

		-171.39796		0.80000001		84		1		83.9033004897		84		1		83.9033004897

		-182.88931		0.69999999		86		1		83.519934828		86		1		83.519934828

		-192.37709		0.60000002		88		1		83.1742217197		88		1		83.1742217197

		-199.86128		0.5		90		1		82.8624630905		90		1		82.8624630905

		-205.3419		0.40000001		92		1		82.581324075		92		1		82.581324075

		-208.81894		0.30000001		94		1		82.3277973443		94		1		82.3277973443

		-210.29239		0.2		96		1		82.0991709365		96		1		82.0991709365

		-209.76228		0.1		98		1		81.8929992474		98		1		81.8929992474

		-207.22858		0		100		1		81.7070768694		100		1		81.7070768694

		-202.6913		-0.1		102		-1		-300.5352691071		102		0.9956261645		0

		-196.15045		-0.2		104		-1		-273.9644394361		104		0.9628493457		0

		-187.60602		-0.30000001		106		-1		-250.0032842514		106		0.9355642251		0

		-177.05801		-0.40000001		108		-1		-228.3954923646		108		0.9128506783		0

		-153.77689		-0.5		110		-1		-208.9099263883		110		0.8939427462		0

		-136		-0.60000002		112		-1		-191.3381502713		112		0.8782028048		0

		-110		-0.69999999		114		-1		-175.4921996696		114		0.8651000628		0

		-90.148422		-0.80000001		116		-1		-161.202571302		116		0.8541926621		0

		-60.820755		-0.89999998		118		-1		-148.3164097824		118		0.8451127772		0

		-38.477577		-1		120		-1		-136.6958725342		120		0.8375542109		0

		-23.906954		-1		122		-1		-126.2166552955		122		0.8312620691		0

		-14.231618		-1		124		-1		-116.7666624432		124		0.8260241646		0

		-7.6063519		-1		126		-1		-108.244807912		126		0.8216638617		0

		-2.9221656		-1		128		-1		-100.5599338823		128		0.8180341199		0

		0.48909688		-1		130		-1		-93.6298356701		130		0.8150125349		0

		0		-1		132		-1		-87.3803823875		132		0.8124972112		0

		0		-1		134		-1		-81.7447239689		134		0.8104033255		0

		0		-1		136		-1		-76.6625760793		136		0.8086602667		0

		0		-1		138		-1		-72.0795752562		138		0.8072092543		0

		0		-1		140		-1		-67.9466973861		140		0.8060013564		0

		0		-1		142		-1		-64.2197332969		142		0.8049958397		0

		0		-1		144		-1		-60.8588158542		144		0.8041587956		0

		0		-1		146		-1		-57.8279935048		146		0.8034619967		0

		0		-1		148		-1		-55.0948457051		148		0.8028819453		0

		0		-1		150		-1		-52.6301361201		150		0.8023990804		0

		0		-1		152		-1		-50.4074998839		152		0.8019971187		0

		0		-1		154		-1		-48.4031615763		154		0.801662505		0

		0		-1		156		-1		-46.5956808983		156		0.8013839552		0

		0		-1		158		-1		-44.9657233261		158		0.801152076		0

		0		-1		160		-1		-43.4958532913		160		0.8009590477		0

		0		-1		162		-1		-42.1703476733		162		0.8007983609		0

		0		-1		164		-1		-40.9750276098		164		0.800664597		0

		0		-1		166		-1		-39.8971068262		166		0.8005532449		0

		0		-1		168		-1		-38.9250548621		168		0.8004605497		0

		0		-1		170		-1		-38.0484737297		170		0.8003833854		0

		0		-1		172		-1		-37.2579866879		172		0.8003191499		0

		0		-1		174		-1		-36.5451379393		174		0.8002656769		0

		0		-1		176		-1		-35.9023021791		176		0.8002211632		0

		0		-1		178		-1		-35.3226030279		178		0.8001841077		0

		0		-1		180		-1		-34.799839475		180		0.8001532608		0

		0		-1		182		-1		-34.3284195468		182		0.8001275822		0

		0		-1		184		-1		-33.9033004897		184		0.800106206		0

		0		-1		186		-1		-33.519934828		186		0.8000884114		0

		0		-1		188		-1		-33.1742217197		188		0.8000735982		0

		0		-1		190		-1		-32.8624630905		190		0.800061267		0

		0		-1		192		-1		-32.581324075		192		0.8000510018		0

		0		-1		194		-1		-32.3277973443		194		0.8000424565		0

		0		-1		196		-1		-32.0991709365		196		0.800035343		0

		0		-1		198		-1		-31.8929992474		198		0.8000294214		0

		0		-1		200		-1		-31.7070768694		200		0.8000244919		0

		0		0		200		1		380		200		-1		-330

		2.25		0.1		202		1		350.5352691071		202		-1		-300.5352691071

		9		0.2		204		1		323.9644394361		204		-1		-273.9644394361

		20.25		0.30000001		206		1		300.0032842514		206		-1		-250.0032842514

		36		0.40000001		208		1		278.3954923646		208		-1		-228.3954923646

		56.25		0.5		210		1		258.9099263883		210		-1		-208.9099263883

		81		0.60000002		212		1		241.3381502713		212		-1		-191.3381502713

		110.25		0.69999999		214		1		225.4921996696		214		-1		-175.4921996696

		144		0.80000001		216		1		211.202571302		216		-1		-161.202571302

		182.25		0.89999998		218		1		198.3164097824		218		-1		-148.3164097824

		225		1		220		1		186.6958725342		220		-1		-136.6958725342

		181.81818		1		222		1		176.2166552955		222		-1		-126.2166552955

		166.66667		1		224		1		166.7666624432		224		-1		-116.7666624432

		153.84616		1		226		1		158.244807912		226		-1		-108.244807912

		142.85715		1		228		1		150.5599338823		228		-1		-100.5599338823

		133.33333		1		230		1		143.6298356701		230		-1		-93.6298356701

		125		1		232		1		137.3803823875		232		-1		-87.3803823875

		117.64706		1		234		1		131.7447239689		234		-1		-81.7447239689

		111.11111		1		236		1		126.6625760793		236		-1		-76.6625760793

		105.26316		1		238		1		122.0795752562		238		-1		-72.0795752562

		100		1		240		1		117.9466973861		240		-1		-67.9466973861

		95.238098		1		242		1		114.2197332969		242		-1		-64.2197332969

		90.909088		1		244		1		110.8588158542		244		-1		-60.8588158542

		86.95652		1		246		1		107.8279935048		246		-1		-57.8279935048

		83.333336		1		248		1		105.0948457051		248		-1		-55.0948457051

		80		1		250		1		102.6301361201		250		-1		-52.6301361201

		76.92308		1		252		1		100.4074998839		252		-1		-50.4074998839

		74.074074		1		254		1		98.4031615763		254		-1		-48.4031615763

		71.428574		1		256		1		96.5956808983		256		-1		-46.5956808983

		68.965515		1		258		1		94.9657233261		258		-1		-44.9657233261

		66.666664		1		260		1		93.4958532913		260		-1		-43.4958532913

		64.516129		1		262		1		92.1703476733		262		-1		-42.1703476733

		62.5		1		264		1		90.9750276098		264		-1		-40.9750276098

		60.60606		1		266		1		89.8971068262		266		-1		-39.8971068262

		58.823528		1		268		1		88.9250548621		268		-1		-38.9250548621

		57.142857		1		270		1		88.0484737297		270		-1		-38.0484737297

		55.555557		1		272		1		87.2579866879		272		-1		-37.2579866879

		54.054054		1		274		1		86.5451379393		274		-1		-36.5451379393

		52.63158		1		276		1		85.9023021791		276		-1		-35.9023021791

		51.282051		1		278		1		85.3226030279		278		-1		-35.3226030279

		-142.40453		1		280		1		84.799839475		280		-1		-34.799839475

		-157.90303		0.89999998		282		1		84.3284195468		282		-1		-34.3284195468

		-171.39796		0.80000001		284		1		83.9033004897		284		-1		-33.9033004897

		-182.88931		0.69999999		286		1		83.519934828		286		-1		-33.519934828

		-192.37709		0.60000002		288		1		83.1742217197		288		-1		-33.1742217197

		-199.86128		0.5		290		1		82.8624630905		290		-1		-32.8624630905

		-205.3419		0.40000001		292		1		82.581324075		292		-1		-32.581324075

		-208.81894		0.30000001		294		1		82.3277973443		294		-1		-32.3277973443

		-210.29239		0.2		296		1		82.0991709365		296		-1		-32.0991709365

		-209.76228		0.1		298		1		81.8929992474		298		-1		-31.8929992474

		-207.22858		0		300		1		81.7070768694		300		-1		0

		-202.6913		-0.1		302		-1		-300.5352691071		302		-0.9956261645		0

		-196.15045		-0.2		304		-1		-273.9644394361		304		-0.9628493457		0

		-187.60602		-0.30000001		306		-1		-250.0032842514		306		-0.9355642251		0

		-177.05801		-0.40000001		308		-1		-228.3954923646		308		-0.9128506783		0

		-153.77689		-0.5		310		-1		-208.9099263883		310		-0.8939427462		0

		-136		-0.60000002		312		-1		-191.3381502713		312		-0.8782028048		0

		-110		-0.69999999		314		-1		-175.4921996696		314		-0.8651000628		0

		-90.148422		-0.80000001		316		-1		-161.202571302		316		-0.8541926621		0

		-60.820755		-0.89999998		318		-1		-148.3164097824		318		-0.8451127772		0

		-38.477577		-1		320		-1		-136.6958725342		320		-0.8375542109		0

		-23.906954		-1		322		-1		-126.2166552955		322		-0.8312620691		0

		-14.231618		-1		324		-1		-116.7666624432		324		-0.8260241646		0

		-7.6063519		-1		326		-1		-108.244807912		326		-0.8216638617		0

		-2.9221656		-1		328		-1		-100.5599338823		328		-0.8180341199		0

		0.48909688		-1		330		-1		-93.6298356701		330		-0.8150125349		0

		0		-1		332		-1		-87.3803823875		332		-0.8124972112		0

		0		-1		334		-1		-81.7447239689		334		-0.8104033255		0

		0		-1		336		-1		-76.6625760793		336		-0.8086602667		0

		0		-1		338		-1		-72.0795752562		338		-0.8072092543		0

		0		-1		340		-1		-67.9466973861		340		-0.8060013564		0

		0		-1		342		-1		-64.2197332969		342		-0.8049958397		0

		0		-1		344		-1		-60.8588158542		344		-0.8041587956		0

		0		-1		346		-1		-57.8279935048		346		-0.8034619967		0

		0		-1		348		-1		-55.0948457051		348		-0.8028819453		0

		0		-1		350		-1		-52.6301361201		350		-0.8023990804		0

		0		-1		352		-1		-50.4074998839		352		-0.8019971187		0

		0		-1		354		-1		-48.4031615763		354		-0.801662505		0

		0		-1		356		-1		-46.5956808983		356		-0.8013839552		0

		0		-1		358		-1		-44.9657233261		358		-0.801152076		0

		0		-1		360		-1		-43.4958532913		360		-0.8009590477		0

		0		-1		362		-1		-42.1703476733		362		-0.8007983609		0

		0		-1		364		-1		-40.9750276098		364		-0.800664597		0

		0		-1		366		-1		-39.8971068262		366		-0.8005532449		0

		0		-1		368		-1		-38.9250548621		368		-0.8004605497		0

		0		-1		370		-1		-38.0484737297		370		-0.8003833854		0

		0		-1		372		-1		-37.2579866879		372		-0.8003191499		0

		0		-1		374		-1		-36.5451379393		374		-0.8002656769		0

		0		-1		376		-1		-35.9023021791		376		-0.8002211632		0

		0		-1		378		-1		-35.3226030279		378		-0.8001841077		0

		0		-1		380		-1		-34.799839475		380		-0.8001532608		0

		0		-1		382		-1		-34.3284195468		382		-0.8001275822		0

		0		-1		384		-1		-33.9033004897		384		-0.800106206		0

		0		-1		386		-1		-33.519934828		386		-0.8000884114		0

		0		-1		388		-1		-33.1742217197		388		-0.8000735982		0

		0		-1		390		-1		-32.8624630905		390		-0.800061267		0

		0		-1		392		-1		-32.581324075		392		-0.8000510018		0

		0		-1		394		-1		-32.3277973443		394		-0.8000424565		0

		0		-1		396		-1		-32.0991709365		396		-0.800035343		0

		0		-1		398		-1		-31.8929992474		398		-0.8000294214		0

		0		-1		400		-1		-31.7070768694		400		-0.8000244919		0






