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Abstract:

Superconducting high field magnets have to be protected from damage during quenches with quench protection heaters, which, when fired, accelerate the current decay in the magnet during a quench. This type of scheme is called active quench protection. The development of an active quench protection tailored to a specific magnet requires the use of simulations. A physical model of the quench process, now well established in the superconducting accelerator magnet development community is presented in this note. Eventually this document will serve as the conceptual basis of a user-friendly quench protection program, to be programmed in the near future. Such a tool will be required for the quench protection system design for the real size LHC IR quadrupoles at FNAL and for various types of high field Nb3Sn magnets presently in the design stage at Fermilab and LBNL. The quench protection program should be integrated into the magnet development software package developed at KEK.
1) INTRODUCTION

1.1) Quench Protection for Superconducting Magnets

A superconducting magnet can be represented as a series network of inductances and  resistances. The ohmic resistance of the winding is zero in the superconducting state and grows after an accidental break-down of superconductivity. The quench can occur in any part of the magnet and its occurrence is unpredictable. Although today’s superconductors have a matrix made from good normal conductor, they usually, for cost and efficiency reasons, do not have enough normal conductor to safely accommodate the current transferring from the superconducting filaments in case of a quench. Therefore, superconducting high field magnets would burn out as a consequence of a quench if there weren’t any special measures taken to protect them from the excessive temperature rise due to their transition to the resistive state. These protection measures consist in accelerating the current decay in the magnet, such that there is not enough time for excessive temperature rise. Following the representation of the magnet as an inducto-resistive network (with its leads clamped as it occurs usually when the device is disconnected from the power supply upon quench detection), the time constant can be reduced either by reducing the inductance of the circuit or by increasing its resistance. The former method (splitting coil into sub-coils using protection diodes connected in parallel with the coil or driving different parts of the coil with separate power supplies) is rarely applied whereas the latter method has been widely adopted:  It consists in firing a set of quench protection heaters distributed over the coils, turning widespread parts of the magnet normal, such that the resistance in the system grows rapidly. The decay of the magnet current accelerates and the part which originally quenched cannot reach dangerous temperature levels. In other words the magnetic energy present in the magnet at the beginning of the quench process is distributed over the winding as homogeneously as possible when transforming into heat, such that the peak winding temperature remains within stipulated limits. Unfortunately the current decay cannot be accelerated without paying a price: the faster the current decay, the higher the inductive voltages within the coils. The task of designing a quench protection system consists in keeping both temperature and voltage below critical levels given by the design of the conductor, the insulation scheme and the magnet architecture. The quench protection issue is additionally complicated by technical limitations of the quench protection systems: it takes time to detect a quench and the thermal response of quench protection heaters is not immediate. During the so called quench detection and the heater delay time (= diffusion time of heat from the heater to the conductors) the overall magnet resistance is small, given only by the normal state resistivity of the conductor-part turned normal in the wake of a “naturally” progressing quench, and the current does not decay. Normally it is during this time that the temperature rise in the initially quenched region is fastest. Furthermore quench heaters can fail, not only slowing down the current decay but also causing strong temperature imbalances in the magnet which may result in high turn to turn voltages. To analyze these effects it is necessary to recur to simulations first. While protection techniques for NbTi magnets operating at fields up to 8 T are well developed, new accelerator dipoles for the use in a post-LHC hadron collider require improved protection systems to achieve reliable operation. These dipoles operate at fields above 10 T and use Nb3Sn conductor which carries higher current densities and is more sensitive to thermo-mechanical impulses due to a fast temperature rise. At the same time, the efficiency of quench protection heaters is decreased due to a higher enthalpy margin in the Nb3Sn/Cu composite. The quench protection concepts established for magnets using NbTi/Cu conductor have to be revisited for the case of high field magnets using Nb3Sn/Cu conductor. The here presented program will allow to do exactly that. The following presents a set of formulas to describe the quench process starting spontaneously in a chosen part of the magnet and being artificially spread over another set of chosen parts of the magnet after a given delay with the help of quench heaters. The longitudinal propagation of the spontaneous and the heater induced quench through the magnet is taken into account as well as transverse turn to turn heat propagation through the conductor insulation. The calculated magnitudes are temperatures and voltages throughout the magnet during the current decay process. The magnetic field profile (affecting the matrix resistivity) within the magnet cross-section is accounted for, as well as the geometrical details of the conductor placement are taken into account for the mutual inductance calculations. An adiabatic model is used to calculate the temperature rise within the conductor. The solution of such a model cannot be but numerical – an appropriate degree of discretization of the conductor path throughout the magnet has to be chosen. The main input parameters are the conductor-placement in the magnet cross-section and the magnet operation parameters. The following proposes a possible path for the implementation of a quench protection program for a typical superconducting accelerator magnet.

1.2) Review of Existing Quench Protection Programs

1.2.1) QUENCH
The program QUENCH(
), developed in 1968 at DRAL, calculates the quench propagation in a superconducting magnet analytically, treating the winding as a “bulk” with unisotropic heat conduction properties. This program does not foresee quench protection heaters. Instead it provides the possibility to include coupled secondaries or dump resistors as means of quench protection. Therefore major modifications of QUENCH would be required to adapt it to the purpose of active quench protection schemes using quench protection heaters.

1.2.2) QUABER
The program QUABER(
), developed at CERN for the design of the LHC magnet quench protection system is widely used in the superconducting magnet community. It uses a commercial network solver (SABER®) to calculate the temperature distribution in the given conductor array. Embedded in a time loop SABER® is called for each time step to calculate the steady state temperature distribution, accounting for transverse heat propagation as well as longitudinal heat conduction. The resistance distribution in the conductor array is then calculated with the temperature distribution from the adiabatic quench integral. QUABER takes into account the magnetic field distribution in the magnet cross-section (specified in input, as provided by ROXIE) and the decay of the magnetic field together with the current (using an input transfer function). The repartition of quench protection heaters over the coils and the heater delay time are integral part of the program. Although QUABER is a “state of the art” quench protection package and its calculations well confirmed by measurement(
), there are some disadvantages associated to it:

· SABER is an expensive tool used at only a fraction of its capabilities (to solve a simple, steady state, thermal network problem).

· Quench integrals and field profiles have to be calculated separately and imported into the main program, which makes the program less user-friendly.

· Turn to turn and to ground voltage calculations have not been included yet, thus QUABER fails to provide an important information required in the design of a magnet quench protection system.

1.3) Motivations for the Here Proposed Quench Protection Program

Taking into account the deficits and disadvantages of some of the existing quench calculation programs, it is useful to envisage a new program, which provides “state of the art” quench calculations. Such a program should account for the magnetic field distribution in the conductor cross-section, for transverse turn to turn heat propagation and allow for the implementation of quench protection heaters. It should be capable of calculating the evolution of current, temperature, turn to turn voltage and voltage to ground during the quench process. As a new feature, relating to the use of brittle Nb3Sn superconductor, it should calculate the thermo-mechanical stress in the conductor during the temperature rise following a quench. Furthermore it should be user-friendly, independent of other programs, platform independent and provide the possibility to choose between default input and external input in what refers to material properties, quench integral, field map, inductance matrix, ..etc. The concept for such a program is presented in the following. The model description in chapter 2 gives an introduction to the general concepts applied in the calculation of the major quantities like temperature, resistance, current and voltage. A special chapter is dedicated to the specification of the input and output parameters. Finally the program structure is laid out in detail in chapter 4. Detailed calculations of the specific heat, matrix resistivity, magnetic field, inductance matrix, quench propagation velocity and thermo-mechanical stress are listed in the appendix (chapter 5).

2) MODEL DESCRIPTION

2.1) Calculation of Maximal Temperature

In the adiabatic (= no cooling) limit the maximal temperature of a quenched superconductor can be calculated from the quench integral (QI). The quench integral (QI) is derived from the space independent and adiabatic version of the heat balance equation describing heat generation due to current flowing in the normal matrix in a thin wire, thus relating the heat capacity of the composite to the Joule heat generation of the current in the normalconducting matrix (see appendix). The QI can be calculated from the material properties (heat capacity cp and matrix resistivity Cu) or from the current decay profile. The standard approach is to provide the quench calculation program maximum temperature versus QI tables for various magnetic fields (e.g. 0-20 T), calculated from the material properties. The program then computes the maximum temperature of the conductor for each time step by relating the QI obtained from the simulated current decay profile with a temperature in the QI tables. A fast interpolation algorithm is paramount for this calculation. It is important to note that the QI integration starts at quench time, thus each coil-part is related to a different “MIIts-clock” by its own time of quenching. 

2.2) Calculation of the Resistance

The temperature and the magnetic field map provide the basis for the calculation of the ohmic resistance of each segment (see resistivity calculation in appendix). However, the resistance of each spatial magnet segment is not determined solely by these magnitudes but depends as well on the length of the normal zone(s) in the segment. The calculation of the normal zone length requires information about the nature of the quench (spontaneous, through heaters or through quench propagation), the time when the quench occurs, and the material properties related to quench propagation (quench propagation velocity, transverse turn to turn heat diffusion time). The core of the program is dedicated to mapping the spread of the quench through the winding from time-step to time-step. The quench starts spontaneously at t=0 and spreads via longitudinal and transverse propagation. After the heater delay time all half-turns covered by (active) heaters are quenched over their full length. The heater induced quenches also propagate longitudinally and transversely. The longitudinal heat propagation is fully described with the quench propagation velocity and the length of the half-turns. The transverse turn to turn heat transfer is accounted for using a time criterion (transverse diffusion time tt). It is assumed that tt after a quench in a half-turn (whatever its origin) the quench has spread to its neighboring half-turns. In case the original quench was “point-like” (spontaneous or propagated from the next half-turns), the transversely propagated quench will be point-like as well (and then propagate longitudinally). In case the original quench was spread over the whole half-turn (e.g. as a result of heater action) the transversely propagated quench will as well affect the whole neighboring half-turn. It is important for the temperature calculation that the quench time of each segment is recorded to set the start time for the accumulation of QI (and thus the rise of temperature).

2.3) Calculation of the Current Decay

Assuming that the magnet power supply is shorted with a resistance (Rd) upon quench detection, a time constant at time i, i, can be calculated from the calculated total magnet resistance (the sum of the resistance of all segments) and the total inductance L. The time constant  is used to calculate the new current, the QI and thus the new temperature distribution in the coils, giving a new resistance and so forth - until the current has dropped to zero (see current decay formula in appendix). As in QUABER the magnetic field should be reduced according to the decaying current, affecting all the magnitudes related to magnetic field (, vq).

2.4) Calculation of Coil to Ground Voltage

The voltage to ground is calculated from the current and the resistances of the coil elements and the temporal current derivative and the self and mutual inductances of the coil-parts (see appendix). The calculation proceeds as a running sum of ohmic and inductive voltages through the magnet parts following the exact electrical sequence of the magnet. The inductance matrix (Lj,k) has to be built according to the same electrical sequence. The calculation of the inductive voltage depends on the degree of discretization of the magnet chosen in the model. It is proposed here to discretize the magnet on a turn to turn level for all inductance related calculations.

2.5) Calculation of Turn to Turn Voltage

The turn to turn voltage for a chosen time-step and a given turn can be calculated from the difference in coil to ground voltage to the turn before (referring to the turn sequence in the electrical scheme of the magnet).

2.6) Calculation of Thermo-Mechanical Stress

The mechanical stress induced in the winding during the fast temperature rise accompanying a quench is calculated from the Young modulus E and the thermal expansion coefficient  for a given peak temperature in the magnet (see appendix). This calculation assumes that the half-turn is restrained from thermal expansion with the potential thermal expansion being entirely converted into mechanical stress.

3) INPUT and OUTPUT PARAMETERS

3.1) Input Parameters

Although simple, the program input should have some user friendly features: a GUI offering easy access to all input fields, a real-time display of the magnet cross-section including the quench heater distribution, data-tables having a unique, easy to read and compatible format. Field map, conductor and heater distribution, inductance matrix, etc.., should be defined for the total magnet to avoid confusion. Above all, the user should be allowed to import material property tables and field and conductor maps. At the same time the program should propose a default calculation procedure to compute these data.

3.1.1) Material Properties
The material properties required for the quench process calculation are: specific heat (cp), matrix resistivity () and geometrical data (see magnet parameters) for the quench integral calculation; the characteristic parameters of the critical surface of the superconductor and other parameters (e.g. geometrical) required for the calculation of the (longitudinal) quench propagation velocity. The default material property calculations implemented in the program are described in detail in the appendix. The parameters required for the specific heat calculation are: Sommerfeld parameter , Debye parameter , specific heat at room temperature cp300K, and density The parameters required for the calculation of the matrix resistivity are: RRR and magnetic field (see 3.1.3). The parameters required to calculate the quench propagation velocity are: Bc2(0), Tc(0), Lubell exponent n (and current, magnetic field and geometrical data as well as material property data derived from the above listed input variables). Per default the program should offer the choice between NbTi and Nb3Sn superconductor (assuming copper as matrix material). The external input option should foresee the tabular input of the specific heat function cp(T) (one point per Kelvin) of the composite, the matrix resistivity (T,B) (one point per Kelvin, per Tesla), the quench propagation velocity vq(B) (one point per Tesla).

3.1.2) Conductor Placement in Magnet Cross-Section
The conductor placement in the magnet cross-section has to be defined to enable the program to perform its default magnetic field and inductance matrix calculation. The conductor map is required to define the spatial distribution of turns as a basis for the quench propagation calculation. Furthermore it serves as the scheme into which the quench protection heaters are inserted. The output magnitudes (temperature, voltage) are mostly plotted as a function of half-turn number. To define the conductor (cable) placement in the magnet cross-section, the N sets (N=number of turns) of data (X,Y,sign,#,place-holders) representing the coordinates of the mid-point of the cables in the magnet cross section, the sign of the current, the position of the conductor in the electrical sequence and placeholders (e.g. magnetic field), have to be imported into the conductor matrix using a standard data-base format. To avoid confusion, internal data processing (e.g. symmetry operations) is avoided and thus the conductor positions of the complete magnet required as input. In this scheme half-turns with #-item (1,2), (3,4),..etc belong to one turn. This form of input allows to define all types of magnets (shell-type with single aperture, block type common coil, multiple aperture shell type quadrupoles,..etc). Furthermore it allows to define the electrical sequence of the half-turns, which the program assumes to follow the sequence of the numbers (#) in the conductor data set. More elaborate pre-processors could be implemented in later versions of the program, which simplify the input procedure by applying valid symmetry conditions to produce common magnet cross-sections from sub-sets of geometrical conductor data (e.g. positions in one quadrant). The above said applies only to the case in which the magnet is discretized on a half-turn level. A graphic display of the result of the conductor distribution input (showing each cable mid-point surrounded by a circle of radius R containing the number of the conductor in the electrical sequence) could be useful to avoid input errors. Furthermore it would allow for a graphical representation of the quench protection heater distribution array.

3.1.3) Magnet Operational Parameters
The basic set of magnet operational parameters, like magnet length  (eventually including ends), bath temperature Tb, total inductance L, magnet current I and conductor data, like Cu/Sc ratio and total cross-sectional surface A, are required in many calculations. Together with the conductor map the program uses these data to calculate the magnetic field produced by the conductor array (and thus the magnetic field at each conductor location) and to derive from it the mutual inductance coefficients Lj,k (see for more details in the appendix). At the same time the program should be capable to import the magnetic field value in each conductor point (e.g. given in the placeholders provided in the conductor data set described above). It should as well provide the possibility to import the N/2xN/2 inductance matrix.

3.1.4) Quench Protection System Parameters
The heater distribution array could be defined either together with the conductor-placement (see placeholders) or as a separate N-dimensional heater coverage vector F. Equally a N-dimensional “spontaneous” quench position vector f could be defined to specify in which half-turn the initial quench occurs. Quench location and heater distribution should be visualized in the magnet cross-section plot for a better control of the input procedure. Furthermore this plot serves documentation purposes and is suited for publications. Other related input magnitudes are heater delay time, quench detection time and transverse (through insulation) heat diffusion time and protection dump resistance Rd.

3.1.4) Programming Parameters
The main programming parameters are: calculation time-step and output time-step.

3.2) Output

The output should consist of:

Resuming table of major input parameters (Tb, L, , , A, , RRR, E, , a, Rd, N/2, #of half-turns with f=1, # of half turns with F=1, Bpeakin, vq(Bpeakin), Bpeakout, vq(Bpeakout), material (NbTi or Nb3Sn));

Plot of the highest 5 peak temperatures and resistances as a function of time;

Plot of turn to turn voltage as a function of turn (at time of maximum ohmic voltage); 

Plot of turn to ground voltage as a function of turn;

Graphical display of the final quench distribution in the magnet cross-section;

4) PROGRAM LAY-OUT

A possible lay-out for the program is outlined in the block-diagram in Figure 2. After the input procedure the program proceeds with the calculation of the normal zone length, which serves as the major parameter for the calculation of the other output magnitudes. The normal zone length calculation is divided into a part calculating the quench propagation due to longitudinal quench propagation and another part calculating the effect of transverse propagation. Important derivatives of the normal zone calculation are the quench vector (stating which half turns have and have not quenched) and the quench time vector (assigning a quench time to each quenched half turn). The normal zone length calculation is performed over the whole array of N half turns. The normal zone calculation routine is different for times before protection heater activity sets in, and after t0 (heater delay time). Maximum temperature, resistance, voltage to ground in each half turn are calculated from the normal zone length vector and the quench time vector. The current is recalculated with the actual decay time constant and the same procedure is reiterated until the current has decayed. Eventually magnetic field, quench propagation velocity and matrix resistivity are recalculated within each time-loop to account for the decrease in magnet current. The following describes the algorithm in detail.

The magnet elements (half-turns) are characterized by parameters indicated in the diagram Figure 1. Each box in the scheme represents a half turn with all the required information. The half turns are ordered into the array (index k) according to the electrical sequence of the turns in the magnet. This configuration guarantees that half turn k and half turns k(1 will follow  each other, and k and k(2 will be adjacent (neighboring) half-turns (as long as they belong to the same layer). The input parameters for each half turn are indicated in the first line: half-turn number k (1,..,N), center-point coordinates (x,y), sign of current ((1), spontaneous quench factor f (f=1/0 ( yes/no), heater induced quench factor F (F=1/0 ( yes/no). The input parameters fk,Fk,(x,y)k,signIk should be entered in tabular form. The program calculates the field at the center of each half-turn Bk, the self and mutual inductance coefficients Lkk’ between turns, the quenched length per half turn xqk, the quench time tqk, the resistance rk(t), maximum temperature Tk of each half turn, and the voltage to ground as well as to the neighboring half turns (V2gk, Vt2tk) following the sequence outlined in the block-diagram.
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Figure 1: Model of magnet – each half turn is regarded as a separate unit (box 1,..,k,..,N). Input parameters are indicated in first line, model output in second line.

Embedded in a time loop, the normal zone length xqk (initialized to zero), the quench time tqk (initialized to infinity INF), maximum temperature Tk (initialized to bath temperature Tb), resistance rk (initialized to zero) for each half turn k and the total current I are calculated for each time-step (t). An important role is played by the N-dimensional quench-vector QV: QVk becomes TRUE when the half-turn k quenches.

The Normal Zone Length:

The time evolution of the quench process is calculated in 2 steps: first the propagation of the original (spontaneous) quench(es) and then the start of the heater induced quenches at t=t0.

A) Spread of the original quench t<t0
A spontaneous quench occurs in the middle of the straight section of some specified half-turn(s) (fk=TRUE). The quench-vector QV is “folded” (logical OR) with f. The quench will propagate with the quench propagation velocity (vqk(Bk,I)) along the conductor to the k(1th half turns, and further. After the delay time plus the transverse diffusion time the quench can spread to the neighboring (k(2th) half turn through transverse diffusion. The following algorithm should be able to calculate the normal zone length due to the interplay of longitudinal and transverse heat propagation from various initial, point-like quench sources
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Figure 2: Block-diagram of the quench protection program.
(always located in the middle of the half turn).

Do k=1 …. N






    loop over N half turns (index k)
 
If QVk=TRUE and xqk<

 start of longitudinal quench Propagation routine


If tqk=INF tqk=t
   setting of the quench time to t (if it wasn’t done before)


If fk=TRUE  vqk=2vqk

double vq for half turn which quenches originally
xqk=vqkt+xqk
   increase normal length due to longitudinal propagation

         If xqk(  QVk(1=TRUE         if quench reaches end of half turn set quench-variable for k(1st turn to true

Endif

Enddo  

Do k=1 …. N






    loop over N half turns (index k)
 
If QVk(2=TRUE and xqk< and t>tqk(2+tt
        start of transv. quench prop. routine


QVk=TRUE
   if k(2nd turn quenched at t-tt turn k is quenched by transv. diff.


If Fk(2=TRUE  xqk=-
            if k(2nd turn was quenched by heaters the transverse diffusion quenches half turn k over the full length
xqk=vqkt+xqk
   increase normal length due to longitudinal propagation

     If xqk(  QVk(1=TRUE      if quench reaches end of half turn set quench-variable for k(1st turn to true

Endif

Enddo  

This algorithm states the basic processing sequence. It will certainly require final adjustments (e.g. xq has to be limited to , end- of array effects have to be accounted for, .. etc). This algorithm does not account for the interference of wedges into the transverse heat transfer nor does it make any difference between adjacent or sequential half turns belonging to the same or different layers of the magnet.

B) Start of the heater action at t=t0

After the delay time t0 some half turns (Fk=TRUE) are quenched over their full length by a quench heater (the heater induced quench immediately propagates through the ends to the k(1st turn). Vice versa, a quench initiated at t0 by a quench heater in the half turn before or next (k(1), can start to propagate into the kth half turn. After the delay time plus the transverse diffusion time the conductor is eventually quenched by a neighboring (k(2th) half turn through transverse diffusion. The (k(2th) half turn could have been quenched either by a heater or through longitudinal/transversal propagation from another quench source. In the former case the half turn k is quenched over its full length by the transverse diffusion, in the latter case the transverse diffusion is assumed to quench half turn k in a point (it is then assumed that the longitudinal propagation will extend this quench over the conductor k rather than the successive advance of the quench triggered by transverse diffusion).

To add the heater effect to the quench pattern calculated until t=t0 the quench-vector QV has to be logically combined (or) with the heater distribution vector F. Then the quench-length vector has to be set to -( being a small number) in all turns with Fk=TRUE. The conductor length affected by the heater can be easily changed in case heaters, which cover only a fraction of the length of the half-turn, are envisaged. To compute the following process, one can rely again on the longitudinal and transverse propagation routines presented above. 

Quench-back is not considered in the present stage of the program. It could be considered by setting QVk to TRUE when the voltage to ground V2gk in a turn exceeds a threshold value.

All other magnitudes, listed in the following, are easily derived from the quench length (length of normal zone in half turn), the quench time (start of MIIts clock) and the quench vector (boolean, to restrict calculations only to quenched half turns).

The Maximum Temperature:

The maximum temperature Tk can be calculated from the quench-integral at the given time t IIts(t) minus the quench integral of before the quench time tqk QI(tqk). The quench integral has to be recalculated with each time step t (ti=t0+t(i), with i the time index, according to:
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The quench time vector allows to assign the correct value of QI to a half-turn. When a segment experiences a spontaneous quench at t=0 the QI calculation starts at t=0. When a segment goes through a heater induced quench the QI integration starts at t=t0 (therefore not including QI(t0), etc.. . The conductor temperature can be computed from the Tmax(QI) tables computed prior to the main routine:

Tmax,i+1=Tmax(QIi)








     (2)

where Tmax(QI) is the inverse interpolation of the QI(Tmax) function.

The Resistance:
The resistance of half turn k rk is given by the product of copper resistivity Cu(Bk,Tk) and normal length xqk divided by the copper surface in the conductor cross section ACu. The normal length xqk is either the magnet length  in case of heater induced quenches (or quenches induced through transverse turn to turn heat propagation after a heater induced quench in a neighboring turn) or it is a propagated quench (coming in through the ends from the next turn or occurring spontaneously in the middle). The temperature in the resistivity function is the maximum temperature of the turn calculated from the QI accumulated after the first quench event in the half turn (which could occur at t=0, t0, t0+mtt with m=1,2.. or never). This introduces an error when there are 2 propagating zones within a half turn which appeared at different times – the normal zone which appeared later will nevertheless be assigned the (maximum) temperature of the zone which appeared first. The resistance of half turn k at time ti is:
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The total resistance of the magnet at time ti is the sum of the resistance of all half turns:
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Rd is the resistance of the dump-resistor, or in general the resistance of the parts in the electrical magnet circuit which are outside the coils (leads, contact resistance between shorted leads,..).

The Current:
A time constant at time i i+1 for the current decay can be calculated from the total magnet resistance Ri and the total inductance L. The time constant  is used to calculate the current, the QI and thus the maximum temperature in the coils at ti+1. The program proceeds to increment time until the current has dropped to zero. 
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The decay time constant serves in the calculation of the current decay:
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which in turn allows the calculation of the QI for the next time step. The calculation converges with a small enough time-step, e.g. 0.5 ms or less. 
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5) APPENDIX

5.1) Quench Integral Calculation

The quench integral QI is defined in equation 7. Equation 7 is derived from the space independent and adiabatic form of the heat balance equation describing heat generation due to current flowing in the normal matrix (~CuI2) in an infinitely thin wire, thus relating the cpdT term to the Joule heat generation of the current in the normalconducting matrix. The maximum temperature obtained from the QI is therefore overestimating the real case, where cooling and conduction to the sides will result in reduced maximum temperatures compared to the calculated, adiabatic limits.
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In the program the QI is calculated from the current decay profile (middle term in equation 7) during the quench process. In an active protection scheme the current I typically remains constant until quench heater firing becomes effective (at t0) and then approximately follows an exponential decay (with time constant ). The heater delay time t0 is typically the sum of quench detection time tqdet and the characteristic time it takes the heat to diffuse from the heater to the coil tdiff. For convenience, the QI is scaled with 10-6 to the so called MIIts unit.
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5.2) Specific Heat Calculation

The specific heat of the composite conductor is required for the calculation of the QI from material properties (see equation 7). The following formulas and data are used in the computation of the specific heat per unit of volume cp [J/K/m3] of a NbTi/Cu or Nb3Sn/Cu composite (subscript low refers to the low temperature range):
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In the normal (subscript n) state the low temperature cp of the composite is calculated from the specific heat functions of the matrix material (here Cu) and the superconductor weighed with  (volume ratio of superconductor versus total volume (=1/(1+), with  the Cu/Sc ratio):
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 is the density in kg/m3. The specific heat over the whole temperature range is obtained through fitting the function to the known low temperature and high temperature data (cp300 is a known data-point at 300 K using the rule of mixture to compute the room-temperature value for the composite from the specific heat of the elements in the composite) with:
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The specific heat of the composite in the superconducting state is not considered here because it affects cp only in the (negligible) temperature range below Tc. The specific heat parameters for some materials can be found in Table 1. Tsc0 is the critical temperature of the superconductor at B = 0 T, Bc0 is the critical magnetic field at T = 0 K.

Parameter
Unit
NbTi(46.5%)
Nb3Sn
OFHC Copper


[J/K2/kg]
0.1450
0.183
0.011


[J/K4/kg]
0.0023
0.0042
0.000744


[kg/m3]
6000
5400
8960

cp300
[J/K/m3]
2.304(106
1.415(106
3.454(106

Bc0 
[T]
14.5
28
-

Tsc0 
[K]
9.2
18
-

Table 1: Specific heat material parameters for NbTi (
), Nb3Sn (
), (
) and Cu (
).
Unlike for NbTi the specific heat of Nb3Sn is calculated with a linear interpolation of experimental data(
) (see Table 2).

T [K]
0
2
4
6
8
10
12
14
16
18
20
22

Cp [J/K/kg]
0
0.58
1.23
2.01
2.99
4.23
5.8
7.76
10.19
13.1
17.1
20.8

T [K]
22
24
26
28
50
100
120
150
200
300



Cp [J/K/kg]
20.8
24.9
31.1
38.7
97
200
220
232
250
262



Table 2: Specific heat of normal state Nb3Sn, as measured by CERN (5).
5.3) Copper Resistivity Calculation

The copper resistivity parametrization (
) is given in the following set of equations:


[image: image14.wmf](

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

ú

û

ù

ê

ê

ê

ë

é

×

×

×

+

×

×

=

÷

ø

ö

ç

è

æ

-

-

-

428

.

6

50

35

.

3

7

49

.

4

17

1

10

5

.

4

1

10

171

.

1

T

e

T

T

T

C



(12)


[image: image15.wmf](

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

×

+

×

×

×

×

+

+

×

=

-

-

-

8

1

1

8

1

8

2

10

69

.

1

10

69

.

1

4531

.

0

10

69

.

1

,

T

C

RRR

T

C

T

C

RRR

RRR

T

C



(13)


[image: image16.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

×

×

=

-

RRR

T

C

B

RRR

B

T

A

,

10

553

.

1

log

,

,

2

8



(14)


[image: image17.wmf](

)

4

3

2

01827

.

0

1839

.

0

6229

.

0

3168

.

0

662

.

2

,

,

A

A

A

A

RRR

B

T

a

×

+

×

-

×

+

×

+

-

=



(15)


[image: image18.wmf](

)

(

)

(

)

(

)

RRR

B

T

a

Cu

RRR

T

C

RRR

B

T

,

,

2

10

1

,

,

,

+

×

=

r



(16)

The normal state resistivity of NbTi at 4.2K is approximately 6(10-7m (
) - three orders of magnitude larger than that of copper. Therefore current transport in the NbTi-branch after super- to normalconducting transition is neglected. 

5.4) 2D Magnetic Field Calculation

The dependence of the QI on magnetic field requires the calculation of the field at the conductor locations in the magnet cross-section. The calculation of the mutual inductance between the different conductor parts requires a calculation of the magnetic flux through the turns. The following presents a simple magnetic field calculation as a first approach for a quench protection program. The x and y component of the magnetic field (Bx, By) in any x,y position can be calculated from Ampere’s law as resulting from a superposition of circular current sources (with radius R chosen in the input) located for example in the center of each cable in the magnet cross-section.(x0,y0) are the coordinates of the current source. The current density within the circles is constant and such that one obtains the magnet by multiplying with  (R2. 
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The nomenclature refers to Figure 3. It is assumed that the positive current direction points out of the paper plane. The current and its sign is to be specified in the input. The origin is typically in the middle of the bore for a single aperture cos( -type magnet or in the middle between the 2 apertures of a double aperture cos( - type magnet. The center is automatically given in the definition of the coordinates of the conductor positions in the conductor map. When r<R above equations have to be modified to account only for the current within the circle of radius r and center in x0:


[image: image22.wmf](

)

R

r

R

y

y

I

y

x

B

x

<

÷

ø

ö

ç

è

æ

-

-

=

2

0

0

2

,

p

m

  






(20)

Figure 3: Sketch of simplified coil-model for magnetic field calculation: The current density is constant within the circles with radius R. X0 is the coordinate of the current source(s), x the point at which the field is calculated. To calculate the field in x the contribution of all current sources has to be summed.
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The sum of the field contributions of all sources x0 has to be summed to obtain the total field in x,y. The radius R is strongly related to the degree of numerical discretization required for the computation: the smaller R, the more precise the calculation scheme has to be. For the case of typical accelerator magnets with large, thin cables, the circles of diameter 2R should be approximately of the size of the cable-width. Therefore these circles (as indicated in the figure) will overlap.

The formalism presented above will yield a field map, which should be within (20% of the actual field map in a real magnet. The discrepancy is related not only to the simplifications in the current distribution pattern but also (and mainly) due to the neglect of the iron-yoke magnetization contribution. A more accurate field map could be provided with conventional magnetic design programs such as ROXIE(
) or OPERA( and imported into the program. During the current decay the magnetic field in the cross-section decreases according to the following simplified, linear law:
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5.5) Inductance Calculation

The (mutual) inductance of two turns Lj,k is given by the magnetic flux enclosed by one turn (the target turn) divided by the current in the source turn. The mutual inductance is positive when the flux generated by the source (turn) in the target (turn) is directed in the same way as the self-flux of the target. Therefore an additional sign function of the product of the “self-field” of the target and the field produced in the target by the source in a particular point of the target (e.g. middle of loop) has to be added. The inductance matrix is symmetric with respect to the main diagonal (Lj,k=Lk,j). Therefore only half of the elements have to be calculated. Additional symmetry conditions are possible but they could be different in cos and common-coil- type magnets and are therefore disregarded. The inductance calculation proceeds on a turn to turn basis. Thus the size of the inductance matrix is N/2xN/2. The integrated flux over one turn is nonzero for only Bx in the common coil type and for By in the cos type magnet. To keep the program as general as possible it should automatically perform the flux calculation over both 2D-field components. The following equation gives the mutual (or self) inductance per unit length of magnet (the flux integration is carried out only in the plane perpendicular to the magnet axis) of turns j and k. (X0 and y0) are the coordinates of the center points of the half turns. X1/2 and y1/2 are the coordinates of each turn. I is the magnet current related to the field calculation (usually short sample limit current).
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The resulting inductance matrix L consists of the products lj,k (, with being the length of the magnet
5.6) Quench Propagation Velocity Calculation

As a rough estimate, the following approximation(
) could be used to calculate the quench propagation velocity as a function of magnetic field and transport current in adiabatic conditions:
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The critical temperature Tc as a function of field can be obtained with Lubell’s formula. Tb is the bath temperature. Cptot  is the average specific heat function for the composite conductor.  The average heat conductivity of the total composite can be calculated from the resistivity of Copper Cu using Wiedemann Franz’s law (L0=2.45(10-8W/K2), C (e.g. 1.3) is an enhancement factor to account for the inadequacy of the law at high magnetic fields(
):
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The field decay according to the transfer function demands a recalculation quench velocity for each time point. QUABER uses the following relation to account for the change in current and magnetic field during the current decay:
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The parameter a has to be found experimentally. The transverse turn to turn quench propagation is in introduced via a time limit (e.g.tt~50 ms) after which a quench propagates from one turn to the direct neighbors.

5.7) Coil to Ground and Turn to Turn Voltage Calculation

The input parameters for the voltage to ground computation are the resistances of the coil elements and their self and mutual inductances. The coil to ground voltage calculation proceeds as a running sum of ohmic and inductive voltages through the turns following the exact electrical sequence of the real magnet. Therefore the inductance matrix Li,j has to be built according to the same sequence. Note, that in what refers to inductive voltages, the magnet is discretized on a turn to turn level, whereas all other magnitudes (e.g. rk) are computed for each half-turn. The coil to ground voltage becomes potentially highest at the moment tmax when the total ohmic voltage Vtot of the magnet runs through its maximum:
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At this particular time tmax the voltage to ground V2gk+1 of a turn k+1 becomes:
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The change in current dI/dt(tmax) is calculated from the condition that the total resistive voltage over the magnet has to equal (anytime) the sum of the inductive voltage over the coil (neglecting the shunt resistance).
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where Lj,k are the self and mutual inductances of the different turns following the sequence of the coil-connections in the actual magnet. The denominator in (29) is the total inductance calculated in a prior stage of the program.

The turn to turn voltage Vt2tk at tmax can be calculated from the difference in coil to ground voltage to the turn before Vt2tk+1:
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5.8) Thermo-Mechanical Stress Calculation

Nb3Sn being a very brittle material, thermally induced stress in the conductor during a quench becomes an important issue. The stress is calculated from the modulus E(T), using a linear fit between measured data at room temperature and at 4.2 K, and a measured thermal expansion factor in the room temperature to 4.2 K range. A limiting stress has to be stipulated to protect the Nb3Sn filaments from irreversible strain damage.
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		0.102		0.102		0.102

		0.103		0.103		0.103

		0.104		0.104		0.104

		0.105		0.105		0.105

		0.106		0.106		0.106

		0.107		0.107		0.107

		0.108		0.108		0.108

		0.109		0.109		0.109

		0.11		0.11		0.11

		0.111		0.111		0.111

		0.112		0.112		0.112

		0.113		0.113		0.113

		0.114		0.114		0.114

		0.115		0.115		0.115

		0.116		0.116		0.116

		0.117		0.117		0.117

		0.118		0.118		0.118

		0.119		0.119		0.119

		0.12		0.12		0.12

		0.121		0.121		0.121

		0.122		0.122		0.122

		0.123		0.123		0.123

		0.124		0.124		0.124

		0.125		0.125		0.125

		0.126		0.126		0.126

		0.127		0.127		0.127

		0.128		0.128		0.128

		0.129		0.129		0.129

		0.13		0.13		0.13

		0.131		0.131		0.131

		0.132		0.132		0.132

		0.133		0.133		0.133

		0.134		0.134		0.134

		0.135		0.135		0.135

		0.136		0.136		0.136

		0.137		0.137		0.137

		0.138		0.138		0.138

		0.139		0.139		0.139

		0.14		0.14		0.14

		0.141		0.141		0.141

		0.142		0.142		0.142

		0.143		0.143		0.143

		0.144		0.144		0.144

		0.145		0.145		0.145

		0.146		0.146		0.146

		0.147		0.147		0.147

		0.148		0.148		0.148

		0.149		0.149		0.149

		0.15		0.15		0.15

		0.151		0.151		0.151

		0.152		0.152		0.152

		0.153		0.153		0.153

		0.154		0.154		0.154

		0.155		0.155		0.155

		0.156		0.156		0.156

		0.157		0.157		0.157

		0.158		0.158		0.158

		0.159		0.159		0.159

		0.16		0.16		0.16

		0.161		0.161		0.161

		0.162		0.162		0.162

		0.163		0.163		0.163

		0.164		0.164		0.164

		0.165		0.165		0.165

		0.166		0.166		0.166

		0.167		0.167		0.167

		0.168		0.168		0.168

		0.169		0.169		0.169

		0.17		0.17		0.17

		0.171		0.171		0.171

		0.172		0.172		0.172

		0.173		0.173		0.173

		0.174		0.174		0.174

		0.175		0.175		0.175

		0.176		0.176		0.176

		0.177		0.177		0.177

		0.178		0.178		0.178

		0.179		0.179		0.179

		0.18		0.18		0.18

		0.181		0.181		0.181

		0.182		0.182		0.182

		0.183		0.183		0.183

		0.184		0.184		0.184

		0.185		0.185		0.185

		0.186		0.186		0.186

		0.187		0.187		0.187

		0.188		0.188		0.188

		0.189		0.189		0.189

		0.19		0.19		0.19

		0.191		0.191		0.191

		0.192		0.192		0.192

		0.193		0.193		0.193

		0.194		0.194		0.194

		0.195		0.195		0.195

		0.196		0.196		0.196

		0.197		0.197		0.197

		0.198		0.198		0.198

		0.199		0.199		0.199

		0.2		0.2		0.2

		0.201		0.201		0.201

		0.202		0.202		0.202

		0.203		0.203		0.203

		0.204		0.204		0.204

		0.205		0.205		0.205

		0.206		0.206		0.206

		0.207		0.207		0.207

		0.208		0.208		0.208

		0.209		0.209		0.209

		0.21		0.21		0.21

		0.211		0.211		0.211

		0.212		0.212		0.212

		0.213		0.213		0.213

		0.214		0.214		0.214

		0.215		0.215		0.215

		0.216		0.216		0.216

		0.217		0.217		0.217

		0.218		0.218		0.218

		0.219		0.219		0.219

		0.22		0.22		0.22

		0.221		0.221		0.221

		0.222		0.222		0.222

		0.223		0.223		0.223

		0.224		0.224		0.224

		0.225		0.225		0.225

		0.226		0.226		0.226

		0.227		0.227		0.227

		0.228		0.228		0.228

		0.229		0.229		0.229

		0.23		0.23		0.23

		0.231		0.231		0.231

		0.232		0.232		0.232

		0.233		0.233		0.233

		0.234		0.234		0.234

		0.235		0.235		0.235

		0.236		0.236		0.236

		0.237		0.237		0.237

		0.238		0.238		0.238

		0.239		0.239		0.239

		0.24		0.24		0.24

		0.241		0.241		0.241

		0.242		0.242		0.242

		0.243		0.243		0.243

		0.244		0.244		0.244

		0.245		0.245		0.245

		0.246		0.246		0.246

		0.247		0.247		0.247

		0.248		0.248		0.248

		0.249		0.249		0.249

		0.25		0.25		0.25

		0.251		0.251		0.251

		0.252		0.252		0.252

		0.253		0.253		0.253

		0.254		0.254		0.254

		0.255		0.255		0.255

		0.256		0.256		0.256

		0.257		0.257		0.257

		0.258		0.258		0.258

		0.259		0.259		0.259

		0.26		0.26		0.26

		0.261		0.261		0.261

		0.262		0.262		0.262

		0.263		0.263		0.263

		0.264		0.264		0.264

		0.265		0.265		0.265

		0.266		0.266		0.266

		0.267		0.267		0.267

		0.268		0.268		0.268

		0.269		0.269		0.269

		0.27		0.27		0.27

		0.271		0.271		0.271

		0.272		0.272		0.272

		0.273		0.273		0.273



curr

Tpeakin

Tpeakout

time [s]

current [Amp]

Temperature [K]

10850

143.3175171275

96.4157845209

10826.5904821933

145.9118628594

98.0099482578

10626.3212063908

148.4754442853

99.5613764445

10424.4737647198

150.9674819971

101.0461446267

10221.4498912723

153.3887964841

102.4662531206

10017.6325441323

155.740020588

103.8237093011

9813.3856313554

158.0216560046

105.1205209955

9609.0538598123

160.2341230645

106.3586905464

9404.9626910998

162.3778037545

107.5402094637

9201.4183922724

164.4530781167

108.6670535988

8998.7081716747

166.4603543036

109.7411787852

8797.1003918838

168.4000926719

110.7645168967

8596.844852886

170.2728243784

111.7389722882

8398.1731392813

172.0791649883

112.666418587

8201.2990256648

173.8198236373

113.5486958119

8006.4189344871

175.4956082938

114.3876078002

7813.7124407335

177.1074276641

115.1849199265

7623.3428177436

178.656290261

115.9423571017

7435.4576184786

180.1433011297

116.661602039

7250.1892865456

181.569656687

117.3442937774

7067.6557913481

182.9366380923

117.9920264528

6887.9612818452

184.2456035238

118.6063483052

6711.1967535752

185.497979693

119.1887609127

6537.4407238362

186.6952528841

119.7407186416

6366.7599101999

187.8389597675

120.2636283

6199.2099078683

188.9306781943

120.7588489835

6034.8358617482

189.9720181445

121.2276921012

5873.6731295059

190.9646129665

121.6714215679

5715.747932275

191.9101110183

122.0912541503

5561.0779900929

192.8101677906

122.4883599543

5409.6731395559

193.6664385727

122.8638630384

5261.535931575

194.4805716988

123.2188421419

5116.6622074977

195.2542023971

123.5543315148

4975.0416522224

195.98894725

123.8713218354

4836.6583232662

196.6863992593

124.1707612052

4701.4911550585

197.3481235056

124.4535562092

4569.5144380134

197.9756533785

124.7205730295

4440.6982721871

198.5704873524

124.9726386034

4315.0089955498

199.1340862771

125.2105418163

4192.4095870985

199.6678711484

125.435034719

4072.8600452043

200.1732213253

125.6468337629

3956.3177417318

200.6514731564

125.8466210451

3842.7377525878

201.1039189804

126.0350455563

3732.0731654515

201.5318064643

126.2127244256

3624.2753655169

201.9363382455

126.3802441578

3519.2943001359

202.3186718451

126.5381618562

3417.0787232919

202.6799198195

126.687006429

3317.5764208628

203.0211501229

126.8272797747

3220.7344176458

203.3433866516

126.9594579429

3126.499167123

203.6476099445

127.0839922693

3034.8167249377

203.9347580177

127.2013104811

2945.6329070433

204.2057273096

127.3118177726

2858.8934334625

204.4613737189

127.4158978481

2774.5440585738

204.7025137162

127.5139139327

2692.5306888093

204.9299255144

127.6062097486

2612.7994886201

205.1443502827

127.693110458

2535.2969755263

205.3464933928

127.774923571

2459.9701050349

205.5370256844

127.8519398194

2386.7663461726

205.7165847419

127.9244339965

2315.6337483371

205.8857761729

127.9926657619

2246.5210001398

206.0451748806

128.0568804145

2179.3774808686

206.1953263253

128.1173096312

2114.1533051658

206.3367477675

128.1741721739

2050.799361479

206.4699294899

128.227674565

1989.2673448066

206.5953359935

128.2780117325

1929.5097842273

206.7134071648

128.325367625

1871.4800656673

206.8245594119

128.3699157975

1815.1324503323

206.9291867673

128.4118199702

1760.4220891949

207.0276619558

128.4512345597

1707.3050339069

207.1203374267

128.4883051838

1655.7382444729

207.2075463499

128.5231691425

1605.6795939999

207.2896035743

128.5559558734

1557.0878708129

207.36680655

128.5867873858

1509.9227782029

207.4394362131

128.6157786708

1464.1449320545

207.5077578341

128.6430380916

1419.7158565784

207.5720218307

128.668667753

1376.5979783578

207.6324645443

128.6927638516

1334.7546188994

207.6893089825

128.7154170073

1294.1499858638

207.7427655278

128.7367125778

1254.7491631351

207.7930326128

128.7567309559

1216.5180998765

207.8402973641

128.7755478502

1179.4235987054

207.8847362152

128.7932345522

1143.4333031097

207.9265154892

128.809858187

1108.5156842152

207.9657919527

128.825481952

1074.6400270067

208.0027133427

128.8401653411

1041.7764160924

208.0374188662

128.8539643575

1009.8957210949

208.0700396744

128.8669317145

978.969581745

208.1006993124

128.8791170245

948.9703927441

208.1295141458

128.8905669785

919.8712884574

208.1565937646

128.9013255148

891.6461274922

208.1820413657

128.9114339785

864.2694772119

208.205954115

128.920931272

837.7165982276

208.2284234907

128.9298539968

811.963428909

208.2495356068

128.9382365877

786.9865699484

208.2693715202

128.9461114388

762.7632690096

208.2880075206

128.953509023

739.2714054894

208.3055154041

128.960458004

716.4894754154

208.3219627324

128.9669853423

694.3965765029

208.3374130771

128.9731163951

672.972393388

208.3519262505

128.9788750101

652.1971830541

208.3655585238

128.9842836148

632.0517604659

208.3783628327

128.9893632993

612.5174844225

208.3903889713

128.9941338954

593.5762436395

208.4016837757

128.998614051

575.2104430695

208.4122912965

129.0028212995

557.4029904671

208.422252962

129.0067721258

540.1372832043

208.4316077314

129.0104820285

523.3971953411

208.4403922403

129.0139655779

507.167064954

208.4486409367

129.0172364714

491.431681725

208.4563862101

129.0203075848

476.1762747928

208.4636585128

129.0231910213

461.3865008663

208.4704864738

129.0258981575

447.0484326007

208.4768970072

129.0284396863

433.1485472356

208.4829154127

129.0308256578

419.6737154935

208.4885654723

129.0330655174

406.6111907374

208.4938695393

129.0351681418

393.9485983845

208.4988486236

129.0371418733

381.673925575

208.5035224713

129.0389945509

369.7755110913

208.50790964

129.0407335414

358.2420355257

208.5120275695

129.0423657666

347.0625116923

208.5158926481

129.0438977305

336.2262752808

208.5195202758

129.0453355443

325.7229757463

208.522924923

129.0466849494

315.5425674332

208.5261201859

129.0479513403

305.6753009278

208.5291188391

129.0491397848

296.1117146358

208.5319328844

129.0502550439

286.8426265806

208.5345735975

129.0513015901

277.8591264178

208.537051571

129.0522836248

269.1525676612

208.5393767558

129.0532050945

260.714560117

208.5415584995

129.0540697061

252.5369625202

208.5436055824

129.0548809417

244.6118753703

208.5455262519

129.0556420716

236.9316339606

208.5473282545

129.0563561673

229.4888015977

208.5490188657

129.0570261135

222.2761630059

208.5506049188

129.0576546195

215.2867179131

208.552092831

129.0582442294

208.5136748133

208.5534886291

129.0587973325

201.9504449013

208.5547979726

129.0593161725

195.5906361757

208.5560261761

129.059802856

189.4280477064

208.5571782301

129.0602593613

183.4566640618

208.5582588204

129.0606875459

177.670649892

208.5592723471

129.0610891539

172.0643446641

208.5602229411

129.0614658225

166.6322575456

208.5611144811

129.0618190892

161.3690624322

208.5619506085

129.0621503972

156.2695931161

208.5627347419

129.0624611015

151.3288385914

208.5634700906

129.062752474

146.5419384922

208.5641596674

129.0630257087

141.9041786616

208.5648063004

129.0632819265

137.4109868455

208.5654126443

129.0635221794

133.057928511

208.565981191

129.063747455

128.8407027829

208.5665142794

129.0639586803

124.7551384978

208.5670141048

129.0641567251

120.7971903707

208.5674827275

129.0643424059

116.962935272

208.5679220813

129.0645164892

113.248568612

208.568333981

129.0646796939

109.6504008291

208.5687201296

129.0648326951

106.1648539793

208.5690821254

129.064976126

102.7884584252

208.5694214682

129.065110581

99.5178496193

208.5697395654

129.0652366177

96.3497649822

208.5700377375

129.0653547595

93.2810408696

208.5703172235

129.0654654973

90.308609629

208.5705791862

129.0655692919

87.4294967407

208.5708247163

129.0656665753

84.6408180427

208.5710548373

129.0657577533

81.9397770364

208.5712705092

129.0658432062

79.3236622705

208.5714726329

129.0659232909

76.7898448012

208.5716620533

129.0659983423

74.3357757277

208.5718395631

129.0660686744

71.9589837981

208.572005906

129.0661345819

69.6570730867

208.5721617794

129.0661963413

67.4277207386

208.5723078376

129.0662542116

65.2686747808

208.5724446943

129.0663084361

63.1777519977

208.5725729251

129.0663592429

61.152835868

208.5726930697

129.0664068458

59.1918745639

208.5728056345

129.0664514454

57.2928790073

208.5729110944

129.06649323

55.4539209848

208.5730098945

129.0665323758

53.6731313172

208.5731024526

129.0665690485

51.9486980836

208.5731891602

129.066603403

50.2788648974

208.5732703844

129.066635585

48.6619292336

208.5733464697

129.0666657309

47.0962408054

208.5734177389

129.0666939686

45.5801999886

208.5734844948

129.066720418

44.1122562929

208.573547021

129.0667451916

42.6909068785

208.5736055838

129.0667683948

41.3146951163

208.5736604326

129.0667901265

39.9822091911

208.5737118014

129.0668104793

38.6920807461

208.5737599093

129.0668295402

37.4429835677

208.573804962

129.0668473906

36.2336323095

208.5738471521

129.0668641067

35.0627812541

208.5738866603

129.0668797602

33.9292231113

208.5739236558

129.0668944182

32.8317878532

208.5739582973

129.0669081436

31.7693415827

208.5739907337

129.0669209952

30.7407854367

208.5740211042

129.0669330283

29.7450545216

208.5740495396

129.0669442947

28.7811168804

208.5740761623

129.0669548428

27.847972491

208.5741010871

129.0669647183

26.9446522943

208.5741244215

129.0669739636

26.0702172511

208.5741462662

129.0669826187

25.223757428

208.5741667158

129.066990721

24.4043911094

208.5741858588

129.0669983056

23.6112639372

208.5742037779

129.0670054053

22.8435480759

208.574220551

129.067012051

22.1004414026

208.5742362509

129.0670182714

21.3811667214

208.5742509457

129.0670240936

20.6849710015

208.5742646993

129.067029543

20.0111246379

208.5742775717

129.0670346431

19.358920735

208.5742896188

129.0670394163

18.7276744106

208.5743008933

129.0670438834

18.1167221219

208.5743114444

129.0670480638

17.5254210112

208.5743213181

129.0670519758

16.9531482719

208.5743305576

129.0670556366

16.3993005325

208.5743392035

129.0670590622

15.8632932608

208.5743472935

129.0670622675

15.3445601842

208.5743548632

129.0670652667

14.8425527294

208.5743619459

129.0670680729

14.3567394772

208.5743685726

129.0670706985

13.8866056357

208.5743747725

129.067073155

13.4316525274

208.5743805729

129.0670754531

12.9913970936

208.5743859994

129.0670776031

12.5653714127

208.5743910759

129.0670796145

12.1531222335

208.5743958248

129.0670814961

11.7542105225

208.5744002672

129.0670832562

11.3682110254

208.5744044227

129.0670849026

10.994711841

208.5744083096

129.0670864427

10.633314009

208.5744119453

129.0670878831

10.2836311096

208.5744153459

129.0670892305

9.9452888758

208.5744185264

129.0670904906

9.6179248172

208.574421501

129.0670916692

9.301187855

208.574424283

129.0670927714

8.9947379691

208.5744268847

129.0670938023

8.6982458545

208.5744293178

129.0670947663



heaterdesign

		Reference: Mike Lamm / LHC heater development (Cern/Fermilab)

		example: 4m long, 15 mm wide, 25 micron thick st.st. heater has 5 Ohms

		PS limitations: 700V, 10mF

		HEATER DESIGN AT 1-HALF-COIL (QUARTER OF MAGNET) LEVEL

		Heater parameters						Coil parameters						cable parameters

		Length		1		m		Length straight sect		1		m		width in		0.014		m

		width		0.06		m		Height in coil		0.08		m		height in		0.0009		m

		Area		0.06		m**2		Height out coil		0.064		m		insul. in		0.000165		m

		C		0.01		F		A in coil		0.08		m**2		cross Area in		0.0000176259		m**2

		R		5		Ohm		A out coil		0.064		m**2		side Area in		0.00123		m**2

								Wedge in		0.0254		m		width out		0.014		m

		Tauheat		0.05		sec		Wedge out		0.0058		m		height out		0.0009		m

		Umax		700		V		A wedge in		0.0254		m**2		insul. out		0.000165		m

		I max		140		A		A wedge out		0.0058		m**2		Area out		0.0000176259		m**2

		Etot		2450		J		(Acoil-Aw) in		0.0546		m**2		side Area out		0.00123		m**2

								(Acoil-Aw) out		0.0582		m**2

								tot # of turns

		# not covered in:		4.3902439024		cables		# not covered out:		1.4634146341		cables

		comment:		pos. result=overcoverage

		HEATER DESIGN AT MAGNET LEVEL

		2 heater strips with 2 capacitorbanks in total -inter layer, half the turns per halfcoil!

		Can McInturff produce them?



HEATER

HALF COIL



Miitscalc

		MIIts-calculation for NbTi

		definition: MIIts=(1E-06)*(CuSc/(CuSc+1))Atot^^2Int(T0 to Tmax)(cpcomp/rhoCu)dT

		objective: calculate quench integral as a function of Tmax

		needed: cp of T,B for materials in composite, weighed with Cu/Sc ratio, rhoCu of T,B

		INPUT:

		cp-data - Dresner,Elrod,Miller for low temp part -								rho-data - A. Devred				conductor data						magnet data

		cryodata for high temp part - combined with weight function

						NbTi(46.5%)		OFHC Cu		RRR		100

		GAMMA		J/K**2/kg		0.145		0.011						Cu/Sc ratio		0.8				peak field		7		T

		BETA		J/K**4/kg		0.0023		0.000744						CuSc/(CuSc+1)		0.4444444444				bath temp		4.2		K

		DENS		kg/m**3		6000		8960						Sc/totratio		0.5555555556

		B0		T		14								# strands		60		m

		TCO		K		9.09								strand dia		0.0005		m**2

		Tc0(B)		K		6.1608822343								conductor cross-section in cable		0.000011781

		numerical calculation data

										EXECUTE FROM SECOND ROW ON!!!!

		delta T		1		K

		deltaTcp		0.35		K

		Tmax		MIIts		IIts		rhoCu		rho1		rho2		FactA		Facta		cpcomp		cpn		cps		cpint		cpcomp/rhoCu

		4.2		0.0004616817		461.6817288436		0.0000000004		0		0.0000000002		2.8083553046		0.203632216		3286.6265911801		3001.3955505357		3286.6265911801		3227.3808786615		7484502277195.8

		5.2		0.0012267403		1226.7402567327		0.0000000004		0		0.0000000002		2.8083110854		0.2035843298		5446.4949047887		4235.5074398291		5446.4949047887		4283.2949870469		12402661696221.8

		6.2		0.0021971596		2197.1595515047		0.0000000004		0		0.0000000002		2.8082248571		0.20349095		6908.9278555453		5801.1847624976		8485.5152436216		6908.9278555453		15731845052105.5

		7.2		0.0032872961		3287.2961029093		0.0000000004		0		0.0000000002		2.8080737957		0.203327358		7762.1599711643		7762.1599711643		12572.7553048373		12569.8872178579		17672628115215.7

		8.2		0.004717032		4717.0319857297		0.0000000004		0		0.0000000002		2.8078289587		0.2030622056		10182.1456368851		10182.1456368851		17877.2827855944		12991.4419791284		23178005110926

		9.2		0.006559437		6559.4370400209		0.0000000004		0		0.0000000002		2.8074549061		0.2026571016		13124.8285834144		13124.8285834144		24568.1653830513		13818.7961784639		29867945735904.4

		10.2		0.0088962502		8896.2501757888		0.0000000004		0		0.0000000002		2.806909422		0.2020663038		16653.8631489343		16653.8631489343		32814.4707943666		30074.563525379		37882987658714.4

		11.2		0.01181772		11817.7200126399		0.0000000004		0		0.0000000002		2.8061433593		0.2012365416		20832.863576865		20832.863576865		42785.2667166989		38225.5043480007		47361085095222.5

		12.2		0.0154223837		15422.3837343784		0.0000000004		0		0.0000000002		2.8051006404		0.2001070017		25725.3955377847		25725.3955377847		54649.6208472066		26866.7928046471		58436607187063.2

		13.2		0.0198167694		19816.7694118255		0.0000000004		0		0.0000000002		2.8037184493		0.1986095155		31394.9667849515		31394.9667849515		68576.6008830482		46738.7177314252		71239097315179.8

		14.2		0.025115006		25115.0060179631		0.0000000004		0		0.0000000002		2.8019276578		0.1966689921		37905.0169464306		37905.0169464306		84735.2745213824		84707.3542240647		85891776664164.3

		15.2		0.0314383249		31438.3249210152		0.0000000004		0		0.0000000002		2.7996535262		0.1942041393		45318.9064573921		45318.9064573921		103294.709459367		66484.3786464598		102509784928834

		16.2		0.038914437		38914.4370059945		0.0000000004		0		0.0000000002		2.7968167143		0.191128511		53699.9046367523		53699.9046367523		124423.973394162		57988.8819487942		121198164078861

		17.2		0.047676771		47676.7709609191		0.0000000004		0		0.0000000002		2.7933346287		0.1873519083		63111.1769129902		63111.1769129902		148292.134022925		133850.355057343		142049607645186

		18.2		0.0578635609		57863.5608655332		0.0000000004		0		0.0000000002		2.7891231104		0.1827821401		73615.7712046729		73615.7712046729		175068.259042814		153995.430099738		165142017704211

		19.2		0.0696167752		69616.7751745187		0.0000000004		0		0.0000000002		2.7840984439		0.1773271246		85276.6034619766		85276.6034619766		204921.416150988		89997.9835762789		190535933662156

		20.2		0.0830808845		83080.8845283921		0.0000000004		0		0.0000000002		2.7781796327		0.1708972757		98156.442376284		98156.442376284		238020.673044606		155874.237028153		218271919427893

		21.2		0.0984014724		98401.4724418266		0.0000000005		0		0.0000000002		2.7712908514		0.1634080826		112317.89326578		112317.89326578		274535.097420826		274438.383185104		248368016237708

		22.2		0.1157237005		115723.700518244		0.0000000005		0		0.0000000002		2.7633639471		0.1547827516		127823.381145851		127823.381145851		314633.756976807		196023.037028921		280817384324028

		23.2		0.1351906479		135190.647934643		0.0000000005		0		0.0000000002		2.7543408332		0.1449547477		144735.132994023		144735.132994023		358485.719409707		157697.783922905		315586264661221

		24.2		0.1569415529		156941.552874028		0.0000000005		0		0.0000000002		2.7441756035		0.1338700558		163115.15922013		163115.15922013		406260.052416685		365036.697769204		352612389400076

		25.2		0.1811099906		181109.990592137		0.0000000005		0		0.0000000002		2.7328361951		0.1214889858		183025.23435343		183025.23435343		458125.823694898		400984.320466501		391803954621595

		26.2		0.2078220281		207822.028132753		0.0000000005		0		0.0000000002		2.7203054551		0.1077873639		204526.876959399		204526.876959399		514252.100941507		216749.141180815		433039241778195

		27.2		0.2371943987		237194.398736647		0.0000000005		0		0.0000000002		2.7065815126		0.0927570079		227681.328800053		227681.328800053		574807.951853669		370930.128381396		476166936954872

		28.2		0.2693327394		269332.739386872		0.0000000005		0		0.0000000002		2.6916774186		0.0764054426		252549.533252722		252549.533252722		639962.444128542		639731.467742409		521007154397044

		29.2		0.3043299327		304329.932737959		0.0000000005		0		0.0000000002		2.675620092		0.0587548879		279192.113003367		279192.113003367		709884.645463286		436426.861739988		567353128718695

		30.2		0.3422645903		342264.590327866		0.0000000005		0.0000000001		0.0000000002		2.6584486735		0.0398406237		307669.347031718		307669.347031718		784743.623555059		336600.950997914		614973505292192

		31.2		0.3831997082		383199.708235534		0.0000000005		0.0000000001		0.0000000002		2.6402124455		0.0197088902		338041.146906666		338041.146906666		864708.446101019		775416.038720004		663615135830978

		32.2		0.4271815202		427181.520168817		0.0000000005		0.0000000001		0.0000000003		2.6209685077		-0.0015854799		370367.032411635		370367.032411635		949948.180798325		829562.622406997		713006279010382

		33.2		0.4742385675		474238.56750515		0.0000000005		0.0000000001		0.0000000003		2.6007794084		-0.0239814911		404706.106520845		404706.106520845		1040631.89534414		429800.778876816		762860117572927

		34.2		0.5243810044		524381.004362851		0.0000000005		0.0000000001		0.0000000003		2.5797109631		-0.0474142283		441117.029748688		441117.029748688		1136928.65743561		728257.726489472		812878568501350

		35.2		0.5776001713		577600.171261621		0.0000000006		0.0000000001		0.0000000003		2.5578306751		-0.0718164557		479657.993895714		479657.993895714		1239007.5347699		1238554.8089886		862756637222795

		36.2		0.6338685301		633868.530080429		0.0000000006		0.0000000001		0.0000000003		2.5352075935		-0.0971186349		520386.695215995		520386.695215995		1347037.59504418		822175.643784503		912188274741349

		37.2		0.693140163		693140.162980395		0.0000000006		0.0000000001		0.0000000003		2.5119146052		-0.123246211		563360.307031984		563360.307031984		1461187.90595559		617807.997465585		960875520294200

		38.2		0.7553521265		755352.126523772		0.0000000006		0.0000000001		0.0000000004		2.4880331966		-0.1501140745		608635.451824261		608635.451824261		1581627.5352013		1416664.17859969		1.00854236526863E+15

		39.2		0.8204268924		820426.892426671		0.0000000006		0.0000000002		0.0000000004		2.4636587937		-0.1776202753		656268.172824897		656268.172824897		1708525.55047847		1489959.79427189		1.05495236904476E+15

		40.2		0.8882758514		888275.851399396		0.0000000006		0.0000000002		0.0000000004		2.4389035836		-0.2056424867		706313.905144473		706313.905144473		1842051.01948425		751131.950375206		1.0999258931227E+15

		41.2		0.9588035179		958803.517897095		0.0000000007		0.0000000002		0.0000000004		2.413894534		-0.2340398821		758827.446464091		758827.446464091		1982373.0099158		1263748.19168293		1.14335146385263E+15

		42.2		1.0319118353		1031911.8352802		0.0000000007		0.0000000002		0.0000000004		2.3887665852		-0.2626605878		813862.927325038		813862.927325038		2129660.58947028		2128876.10815757		1.18518740021692E+15

		43.2		1.1075039564		1107503.95641558		0.0000000007		0.0000000003		0.0000000005		2.3636530429		-0.291352521		871473.781050018		871473.781050018		2284082.82584485		1387180.95375814		1.22545330999544E+15

		44.2		1.185487049		1185487.0490182		0.0000000007		0.0000000003		0.0000000005		2.3386759684		-0.3199744761		931712.713331174		931712.713331174		2445808.78673667		1023533.27486254		1.26421427945404E+15

		45.2		1.2657739466		1265773.94656746		0.0000000008		0.0000000003		0.0000000005		2.3139388365		-0.3484048327		994631.671521332		994631.671521332		2615007.5398429		2340285.22014341		1.30156215850588E+15

		46.2		1.3482837222		1348283.7222076		0.0000000008		0.0000000003		0.0000000006		2.2895225722		-0.3765465308		1060281.81366616		1060281.81366616		2791848.15286069		2432182.24375407		1.33759810078776E+15

		47.2		1.4329414333		1432941.43329431		0.0000000008		0.0000000004		0.0000000006		2.2654849399		-0.4043282384		1128713.47731609		1128713.47731609		2976499.69348721		1201630.14541426		1.37241911868097E+15

		48.2		1.5196773499		1519677.34994378		0.0000000009		0.0000000004		0.0000000006		2.241862528		-0.4317024985		1199976.14815801		1199976.14815801		3169131.22941961		2012587.69347487		1.40610971827646E+15

		49.2		1.6084259623		1608425.96225717		0.0000000009		0.0000000004		0.0000000007		2.2186742951		-0.4586419937		1274118.42850797		1274118.42850797		3369911.82835505		3368662.31195539		1.43873831139318E+15

		50.2		1.6991249936		1699124.9936086		0.0000000009		0.0000000005		0.0000000007		2.1959257178		-0.4851350134		1351188.00570688		1351188.00570688		3579010.55799069		2164508.62967365		1.47035731387838E+15

		51.2		1.791714565		1791714.5649972		0.000000001		0.0000000005		0.0000000007		2.1736128276		-0.5111809543		1431231.62046279		1431231.62046279		3796596.48602368		1574676.36878304		1.50100559456489E+15

		52.2		1.8861365806		1886136.58059744		0.000000001		0.0000000005		0.0000000008		2.1517257054		-0.5367863658		1514295.03518357		1514295.03518357		4022838.6801512		3597534.31547516		1.53071206120174E+15

		53.2		1.9823343481		1982334.3481101		0.000000001		0.0000000006		0.0000000008		2.1302512529		-0.5619617773		1600423.00234546		1600423.00234546		4257906.20807038		3705916.89556896		1.5594994669013E+15

		54.2		2.0802524113		2080252.41133405		0.0000000011		0.0000000006		0.0000000008		2.1091752205		-0.5867193473		1689659.23294321		1689659.23294321		4501968.1374784		1800637.54482089		1.58738785053064E+15

		55.2		2.1798365536		2179836.55364035		0.0000000011		0.0000000007		0.0000000009		2.0884835772		-0.6110712555		1782046.36506877		1782046.36506877		4755193.53607242		3008975.48816042		1.61439730727701E+15

		56.2		2.281033925		2281033.92501589		0.0000000011		0.0000000007		0.0000000009		2.0681633458		-0.6350287057		1877625.93266585		1877625.93266585		5017751.47154958		5015879.32214873		1.64054999188196E+15

		57.2		2.3837932474		2383793.24739635		0.0000000012		0.0000000007		0.000000001		2.0482030358		-0.6586013939		1976438.33450858		1976438.33450858		5289811.01160705		3186065.34470723		1.66587138781976E+15

		58.2		2.4880650594		2488065.05938963		0.0000000012		0.0000000008		0.000000001		2.0285927927		-0.681797309		2078522.80345286		2078522.80345286		5571541.22394199		2290352.76486826		1.69039094587044E+15

		59.2		2.5938019696		2593801.96957684		0.0000000013		0.0000000008		0.0000000011		2.0093243604		-0.7046227545		2183917.37600969		2183917.37600969		5863111.17625155		5239332.04254141		1.71414222317632E+15

		60.2		2.7009588957		2700958.89573059		0.0000000013		0.0000000009		0.0000000011		1.9903909331		-0.7270825058		2292658.86228979		2292658.86228979		6164689.9362329		5360425.29746276		1.7371626549396E+15

		61.2		2.8094932746		2809493.27461207		0.0000000014		0.0000000009		0.0000000012		1.9717869475		-0.7491800392		2404782.81636964		2404782.81636964		6476446.5715832		2565457.33166152		1.75949307746512E+15

		62.2		2.9193652331		2919365.23310835		0.0000000014		0.000000001		0.0000000012		1.9535078554		-0.7709177907		2520323.50712877		2520323.50712877		6798550.14999959		4285819.98658924		1.78117710143119E+15

		63.2		3.0305377163		3030537.71626455		0.0000000015		0.000000001		0.0000000013		1.935549898		-0.7922974136		2639313.88960849		2639313.88960849		7131169.73917924		7128491.68534562		1.80226041309514E+15

		64.2		3.1429765713		3142976.57133987		0.0000000015		0.0000000011		0.0000000013		1.9179098974		-0.8133200201		2761785.57694238		2761785.57694238		7474474.40681932		4482266.86740582		1.8227900613793E+15

		65.2		3.2566505895		3256650.58953919		0.0000000016		0.0000000011		0.0000000014		1.900585073		-0.8339863944		2887768.81290833		2887768.81290833		7828633.22061697		3187401.67791253		1.8428137717336E+15

		66.2		3.3715315087		3371531.50873519		0.0000000016		0.0000000012		0.0000000014		1.8835728843		-0.854297176		3017292.4451522		3017292.4451522		8193815.24826935		7316175.44860813		1.86237931373739E+15

		67.2		3.4875939815		3487593.98148613		0.0000000017		0.0000000012		0.0000000015		1.8668709019		-0.8742530105		3150383.89913259		3150383.89913259		8570189.55747363		7444434.63537502		1.88153393849306E+15

		68.2		3.6048155131		3604815.5131373		0.0000000017		0.0000000013		0.0000000015		1.8504767046		-0.89385467		3287069.15283577		3287069.15283577		8957925.21592696		3510850.41376633		1.90032389364239E+15

		69.2		3.7231763749		3723176.37490984		0.0000000018		0.0000000014		0.0000000016		1.8343877989		-0.9131031462		3427372.71230946		3427372.71230946		9357191.29132651		5874431.90271935		1.91879401787524E+15

		70.2		3.8426594967		3842659.49674051		0.0000000018		0.0000000014		0.0000000017		1.8186015599		-0.9319997185		3571317.58806329		3571317.58806329		9768156.85136942		9764462.28286562		1.9369874126665E+15

		71.2		3.9632503443		3963250.34433005		0.0000000019		0.0000000015		0.0000000017		1.8031151892		-0.9505460022		3718925.27238321		3718925.27238321		10190990.9637529		6081709.73251118		1.95494518627287E+15

		72.2		4.0849367845		4084936.78445097		0.000000002		0.0000000015		0.0000000018		1.7879256873		-0.9687439775		3870215.71760608		3870215.71760608		10625862.696174		4279903.92033981		1.97270626340382E+15

		73.2		4.2077089421		4207708.9421096		0.000000002		0.0000000016		0.0000000018		1.7730298379		-0.986596005		4025207.31539983		4025207.31539983		11072941.11633		9878051.82164949		1.99030725316732E+15

		74.2		4.3315590527		4331559.0526859		0.0000000021		0.0000000017		0.0000000019		1.7584242019		-1.0041048292		4183916.87709326		4183916.87709326		11532395.2919179		10006033.2289733		2.00778236765203E+15

		75.2		4.4564813117		4456481.3117131		0.0000000021		0.0000000017		0.000000002		1.7441051193		-1.0212735722		4346359.6150986		4346359.6150986		12004394.2906351		4648558.19620796		2.02516338366568E+15

		76.2		4.5824717245		4582471.72452354		0.0000000022		0.0000000018		0.000000002		1.7300687159		-1.0381057206		4512549.12546838		4512549.12546838		12489107.1801785		7804236.62577185		2.04247964056649E+15

		77.2		4.7095279576		4709527.95758692		0.0000000023		0.0000000018		0.0000000021		1.7163109153		-1.0546051067		4682497.3716269		4682497.3716269		12986703.0282455		12981752.0434992		2.05975806769891E+15

		78.2		4.837649193		4837649.19300723		0.0000000023		0.0000000019		0.0000000022		1.7028274539		-1.0707758854		4856214.66931484		4856214.66931484		13497350.9025331		8010870.90788218		2.07702323560068E+15

		79.2		4.9668359873		4966835.98732715		0.0000000024		0.000000002		0.0000000022		1.6896138975		-1.0866225093		5033709.67278418		5033709.67278418		14021219.8707384		5578746.57476147		2.09429742583268E+15

		80.2		5.0970901355		5097090.13551271		0.0000000025		0.000000002		0.0000000023		1.6766656602		-1.102149701		5214989.36227842		5214989.36227842		14558479.0005588		12974361.8844631		2.11160071495768E+15

		81.2		5.2284145408		5228414.54075458		0.0000000025		0.0000000021		0.0000000024		1.6639780226		-1.1173624251		5400059.03283165		5400059.03283165		15109297.3596912		13092578.7676751		2.1289510688372E+15

		82.2		5.3608130905		5360813.09052295		0.0000000026		0.0000000022		0.0000000024		1.6515461521		-1.1322658601		5588922.28441785		5588922.28441785		15673844.0158329		5986889.80049196		2.14636444400953E+15

		83.2		5.4942905391		5494290.53914621		0.0000000027		0.0000000023		0.0000000025		1.6393651209		-1.1468653699		5781581.01347958		5781581.01347958		16252288.0366811		10102529.3713063		2.16385489345096E+15

		84.2		5.628852397		5628852.39704718		0.0000000027		0.0000000023		0.0000000026		1.6274299253		-1.1611664772		5978035.40586352		5978035.40586352		16844798.4899328		16838319.7030992		2.18143467450207E+15

		85.2		5.7645048267		5764504.82665934		0.0000000028		0.0000000024		0.0000000026		1.6157355034		-1.1751748363		6178283.93118758		6178283.93118758		17451544.4432853		10293860.9390783		2.19911435716204E+15

		86.2		5.901254545		5901254.54495768		0.0000000029		0.0000000025		0.0000000027		1.6042767515		-1.1888962087		6382323.33866228		6382323.33866228		18072694.9644356		7091272.06790266		2.21690293131913E+15

		87.2		6.0391087325		6039108.73246939		0.0000000029		0.0000000025		0.0000000028		1.5930485409		-1.2023364392		6590148.65438684		6590148.65438684		18708419.1210811		16653859.1646899		2.23480791179826E+15

		88.2		6.1780749486		6178074.94857706		0.000000003		0.0000000026		0.0000000028		1.5820457319		-1.2155014334		6801753.18013739		6801753.18013739		19358885.9809188		16750627.5028367		2.25283544037213E+15

		89.2		6.3181610529		6318161.05288824		0.0000000031		0.0000000027		0.0000000029		1.5712631883		-1.2283971371		7017128.49366296		7017128.49366296		20024264.6116458		7530411.3718024		2.27099038410454E+15

		90.2		6.4593751324		6459375.13241757		0.0000000032		0.0000000027		0.000000003		1.5606957895		-1.2410295175		7236264.45050176		7236264.45050176		20704724.0809594		12794295.8607714		2.28927642957994E+15

		91.2		6.6017254343		6601725.43430946		0.0000000032		0.0000000028		0.0000000031		1.5503384422		-1.2534045451		7459149.1873277		7459149.1873277		21400433.4565567		21392121.633775		2.30769617272481E+15

		92.2		6.7452203038		6745220.30381905		0.0000000033		0.0000000029		0.0000000031		1.5401860912		-1.2655281782		7685769.12683489		7685769.12683489		22111561.8061349		12952254.4180967		2.32625120405034E+15

		93.2		6.8898681273		6889868.12726449		0.0000000034		0.000000003		0.0000000032		1.5302337281		-1.2774063477		7916108.98416441		7916108.98416441		22838278.197391		8821046.24705718		2.34494218924479E+15

		94.2		7.0356772797		7035677.27966413		0.0000000034		0.000000003		0.0000000033		1.5204764005		-1.2890449445		8150151.77487558		8150151.77487558		23580751.6980224		20964611.6479778		2.36376894512276E+15

		95.2		7.1826560768		7182656.07677643		0.0000000035		0.0000000031		0.0000000034		1.5109092186		-1.3004498076		8387878.82446084		8387878.82446084		24339151.375726		21025891.6907249		2.38273051099927E+15

		96.2		7.3308127313		7330812.73126749		0.0000000036		0.0000000032		0.0000000034		1.5015273626		-1.3116267134		8629269.77940059		8629269.77940059		25113646.2981992		9279770.25445947		2.4018252156037E+15

		97.2		7.4801553127		7480155.31274019		0.0000000037		0.0000000033		0.0000000035		1.4923260875		-1.3225813668		8874302.61975175		8874302.61975175		25904405.533139		15902117.9386375		2.42105073968253E+15

		98.2		7.6306917114		7630691.7113698		0.0000000037		0.0000000033		0.0000000036		1.483300729		-1.3333193926		9122953.67326085		9122953.67326085		26711598.1482426		26701111.7616929		2.44040417446517E+15

		99.2		7.7824296049		7782429.60490266		0.0000000038		0.0000000034		0.0000000036		1.4744467067		-1.3438463291		9375197.6309897		9375197.6309897		27535393.2112072		16005017.2212083		2.45988207618318E+15

		100.2		7.9353764288		7935376.42878677		0.0000000039		0.0000000035		0.0000000037		1.4657595281		-1.3541676214		9631007.56443913		9631007.56443913		28375959.78973		10767772.9714939		2.47948051684387E+15

		101.2		8.0895393492		8089539.34921599		0.000000004		0.0000000036		0.0000000038		1.4572347915		-1.3642886168		9890354.94415326		9890354.94415326		29233466.951508		25953990.4394494		2.49919513146356E+15

		102.2		8.2449252389		8244925.23888218		0.000000004		0.0000000036		0.0000000039		1.4488681882		-1.37421456		10153209.6597843		10153209.6597843		30108083.7642384		25963230.7641357		2.51902116196744E+15

		103.2		8.4015406552		8401540.65524234		0.0000000041		0.0000000037		0.0000000039		1.440655504		-1.3839505901		10419540.0415953		10419540.0415953		30999979.2956184		11231677.8556276		2.53895349795988E+15

		104.2		8.5593918211		8559391.82111983		0.0000000042		0.0000000038		0.000000004		1.432592621		-1.3935017373		10689312.8833752		10689312.8833752		31909322.6133452		19446177.7247478		2.55898671456488E+15

		105.2		8.7184846075		8718484.60747103		0.0000000043		0.0000000038		0.0000000041		1.424675518		-1.4028729209		10962493.4667386		10962493.4667386		32836282.785116		32823241.5862659		2.5791151075297E+15

		106.2		8.8788245182		8878824.51815992		0.0000000043		0.0000000039		0.0000000042		1.4169002713		-1.4120689479		11239045.5867798		11239045.5867798		33781028.8786277		19468542.9933751		2.59933272577681E+15

		107.2		9.0404166766		9040416.67659418		0.0000000044		0.000000004		0.0000000042		1.4092630546		-1.4210945117		11518931.5790483		11518931.5790483		34743729.9615778		12927371.9458079		2.61963340158081E+15

		108.2		9.2032658141		9203265.81408656		0.0000000045		0.0000000041		0.0000000043		1.4017601392		-1.4299541913		11802112.3478106		11802112.3478106		35724555.1016632		31668688.1298695		2.64001077853774E+15

		109.2		9.3673762598		9367376.25981502		0.0000000045		0.0000000041		0.0000000044		1.3943878928		-1.4386524517		12088547.3955612		12088547.3955612		36723673.3665812		31606679.1297653		2.66045833748469E+15

		110.2		9.5327519323		9532751.93226459		0.0000000046		0.0000000042		0.0000000045		1.3871427798		-1.4471936436		12378194.8537425		12378194.8537425		37741253.8240289		13379062.6688099		2.6809694205181E+15

		111.2		9.699396332		9699396.33204196		0.0000000047		0.0000000043		0.0000000045		1.3800213594		-1.455582004		12671011.5146333		12671011.5146333		38777465.5417034		23444366.1130377		2.70153725324962E+15

		112.2		9.867312536		9867312.53596226		0.0000000048		0.0000000044		0.0000000046		1.3730202851		-1.4638216573		12966952.8643609		12966952.8643609		39832477.587302		39816460.3053842		2.72215496542933E+15

		113.2		10.0365031923		10036503.1923147		0.0000000048		0.0000000044		0.0000000047		1.3661363032		-1.4719166162		13265973.1169921		13265973.1169921		40906459.0285218		23356802.4899447		2.74281561005679E+15

		114.2		10.2069705172		10206970.5172208		0.0000000049		0.0000000045		0.0000000048		1.3593662517		-1.4798707829		13568025.2496559		13568025.2496559		41999578.9330599		15292223.1194429		2.76351218109216E+15

		115.2		10.378716292		10378716.2920049		0.000000005		0.0000000046		0.0000000048		1.3527070581		-1.4876879508		13873061.0386489		13873061.0386489		43112006.3686135		38154767.0986067		2.78423762987109E+15

		116.2		10.5517418615		10551741.8615036		0.0000000051		0.0000000047		0.0000000049		1.3461557384		-1.4953718062		14181031.0964724		14181031.0964724		44243910.4028798		37999510.421571		2.80498488031954E+15

		117.2		10.7260481332		10726048.1332448		0.0000000051		0.0000000047		0.000000005		1.339709395		-1.50292593		14491884.9097512		14491884.9097512		45395460.1035559		15711390.5623708		2.82574684305717E+15

		118.2		10.9016355774		10901635.5774336		0.0000000052		0.0000000048		0.000000005		1.3333652154		-1.5103537997		14805570.8779785		14805570.8779785		46566824.538339		27912492.554057		2.84651642847104E+15

		119.2		11.0785042277		11078504.2276853		0.0000000053		0.0000000049		0.0000000051		1.3271204695		-1.5176587914		15122036.3530351		15122036.3530351		47758172.7749262		47738715.0422682		2.86728655883519E+15

		120.2		11.2566536825		11256653.6824516		0.0000000053		0.0000000049		0.0000000052		1.3209725084		-1.5248441821		15441227.6794257		15441227.6794257		48969673.8810147		27681599.6773472		2.8880501795451E+15

		121.2		11.4360831071		11436083.1070894		0.0000000054		0.000000005		0.0000000053		1.3149187625		-1.5319131517		15763090.2351783		15763090.2351783		50201496.9243016		17851566.5848516		2.90880026953107E+15

		122.2		11.6167912365		11616791.2365248		0.0000000055		0.0000000051		0.0000000053		1.308956739		-1.5388687853		16087568.4733471		16087568.4733471		51453810.9724842		45457735.3900439		2.9295298509089E+15

		123.2		11.7987763785		11798776.378468		0.0000000056		0.0000000052		0.0000000054		1.3030840204		-1.5457140756		16414605.9640646		16414605.9640646		52726785.0932596		45184334.8720221		2.95023199792164E+15

		124.2		11.9820364171		11982036.4171405		0.0000000056		0.0000000052		0.0000000055		1.2972982624		-1.552451925		16744145.4370818		16744145.4370818		54020588.3543249		18215134.8796319		2.97089984522184E+15

		125.2		12.1665688175		12166568.8174737		0.0000000057		0.0000000053		0.0000000056		1.291597192		-1.5590851482		17076128.8247409		17076128.8247409		55335389.8233772		32864584.2382483		2.99152659553938E+15

		126.2		12.3523706297		12352370.6297463		0.0000000058		0.0000000054		0.0000000056		1.2859786054		-1.5656164741		17410497.3053202		17410497.3053202		56671358.5681138		56647951.1606775		3.0121055267765E+15

		127.2		12.5394384946		12539438.494626		0.0000000059		0.0000000055		0.0000000057		1.2804403663		-1.5720485486		17747191.346693		17747191.346693		58028663.6562319		32452919.2151479		3.03262999856816E+15

		128.2		12.7277686486		12727768.6485847		0.0000000059		0.0000000055		0.0000000058		1.2749804036		-1.5783839366		18086150.7502427		18086150.7502427		59407474.1554284		20592033.425012		3.05309345834244E+15

		129.2		12.9173569297		12917356.9296594		0.000000006		0.0000000056		0.0000000058		1.2695967099		-1.5846251243		18427314.6949749		18427314.6949749		60807959.1334007		53622645.4181688		3.0734894469131E+15

		130.2		13.1081987835		13108198.7835304		0.0000000061		0.0000000057		0.0000000059		1.2642873396		-1.5907745216		18770621.7817683		18770621.7817683		62230287.6578459		53203223.6158981		3.0938116036338E+15

		131.2		13.3002892699		13300289.2698924		0.0000000061		0.0000000057		0.000000006		1.2590504066		-1.5968344644		19116010.0777079		19116010.0777079		63674628.7964611		20874366.0950829		3.1140536711407E+15

		132.2		13.4936230691		13493623.069094		0.0000000062		0.0000000058		0.0000000061		1.253884083		-1.6028072164		19463417.1604424		19463417.1604424		65141151.6169435		38313255.2135688		3.13420949970853E+15

		133.2		13.688194489		13688194.4890239		0.0000000063		0.0000000059		0.0000000061		1.2487865973		-1.6086949717		19812780.1625094		19812780.1625094		66630025.1869903		66602112.6477824		3.15427305124253E+15

		134.2		13.8839974722		13883997.4722217		0.0000000064		0.000000006		0.0000000062		1.2437562324		-1.6144998568		20164035.8155735		20164035.8155735		68141418.5742986		37679342.3383552		3.17423840292768E+15

		135.2		14.0810256032		14081025.6031941		0.0000000064		0.000000006		0.0000000063		1.2387913238		-1.6202239327		20517120.4945218		20517120.4945218		69675500.8465656		23498272.1976263		3.19409975055413E+15

		136.2		14.2792721159		14279272.1159175		0.0000000065		0.0000000061		0.0000000063		1.2338902585		-1.6258691966		20871970.2613641		20871970.2613641		71232441.0714884		62694208.9041304		3.21385141153684E+15

		137.2		14.4787299015		14478729.9015088		0.0000000066		0.0000000062		0.0000000064		1.229051473		-1.6314375845		21228520.9088837		21228520.9088837		72812408.3167642		62097851.594413		3.23348782764594E+15

		138.2		14.679391516		14679391.5160475		0.0000000066		0.0000000062		0.0000000065		1.2242734514		-1.6369309727		21586708.0039886		21586708.0039886		74415571.6500901		23671421.4209266		3.25300356746279E+15

		139.2		14.8812491885		14881249.1885338		0.0000000067		0.0000000063		0.0000000066		1.2195547247		-1.6423511799		21946466.9307132		21946466.9307132		76042100.1391634		44270120.6209298		3.27239332857615E+15

		140.2		15.084294829		15084294.8289666		0.0000000068		0.0000000064		0.0000000066		1.2148938686		-1.6476999688		22307732.9328199		22307732.9328199		77692162.8516811		77659142.5389562		3.2916519395313E+15

		141.2		15.2885200365		15288520.0365274		0.0000000068		0.0000000065		0.0000000067		1.2102895023		-1.6529790484		22670441.1559559		22670441.1559559		79365928.8553404		43368503.2096375		3.3107743615445E+15

		142.2		15.4939161079		15493916.1078556		0.0000000069		0.0000000065		0.0000000068		1.2057402871		-1.6581900752		23034526.6893173		23034526.6893173		81063567.2178386		26553629.0633645		3.32975568999401E+15

		143.2		15.7004740454		15700474.0454039		0.000000007		0.0000000066		0.0000000068		1.2012449248		-1.6633346553		23399924.6067775		23399924.6067775		82785247.0068726		72716920.3643924		3.34859115569833E+15

		144.2		15.9081845659		15908184.5658587		0.0000000071		0.0000000067		0.0000000069		1.1968021569		-1.6684143458		23766570.0074373		23766570.0074373		84531137.2901398		71909649.5431728		3.36727612599179E+15

		145.2		16.1170381086		16117038.1086158		0.0000000071		0.0000000067		0.000000007		1.1924107626		-1.6734306566		24134398.0555553		24134398.0555553		86301407.1353372		26587609.9737165		3.38580610560646E+15

		146.2		16.3270248443		16327024.8442985		0.0000000072		0.0000000068		0.0000000071		1.1880695582		-1.6783850517		24503344.0198206		24503344.0198206		88096225.610162		50746228.7331835		3.40417673736963E+15

		147.2		16.5381346833		16538134.6833084		0.0000000073		0.0000000069		0.0000000071		1.1837773954		-1.6832789511		24873343.3119299		24873343.3119299		89915761.7823115		89876983.3566525		3.42238380272488E+15

		148.2		16.7503572844		16750357.2843978		0.0000000073		0.0000000069		0.0000000072		1.1795331604		-1.6881137321		25244331.5244342		25244331.5244342		91760184.7194826		49527556.0428405		3.44042322208466E+15

		149.2		16.9636820633		16963682.0632533		0.0000000074		0.000000007		0.0000000073		1.1753357727		-1.6928907303		25616244.4678209		25616244.4678209		93629663.4893726		29740837.6398907		3.45829105502211E+15

		150.2		17.1780982011		17178098.2010831		0.0000000075		0.0000000071		0.0000000073		1.1711841837		-1.6976112417		25989018.2068009		25989018.2068009		95524367.1596787		83735181.2436769		3.47598350030881E+15

		151.2		17.3935946532		17393594.6531958		0.0000000075		0.0000000072		0.0000000074		1.1670773764		-1.7022765236		26362589.0957708		26362589.0957708		97444464.798098		82679955.424825		3.49349689580568E+15

		152.2		17.6101601576		17610160.1575655		0.0000000076		0.0000000072		0.0000000075		1.1630143633		-1.7068877958		26736893.8134217		26736893.8134217		99390125.4723277		29603909.2358594		3.51082771821328E+15

		153.2		17.8277832434		17827783.2433718		0.0000000077		0.0000000073		0.0000000075		1.1589941865		-1.7114462424		27111869.3964708		27111869.3964708		101361518.250065		57752483.9769631		3.52797258268793E+15

		154.2		18.0464522395		18046452.2395096		0.0000000078		0.0000000074		0.0000000076		1.1550159158		-1.7159530121		27487453.2724905		27487453.2724905		103358812.199007		103313577.536444		3.54492824232944E+15

		155.2		18.2661552831		18266155.2830582		0.0000000078		0.0000000074		0.0000000077		1.1510786484		-1.7204092202		27863583.2918142		27863583.2918142		105382176.386851		56163624.711382		3.56169158754647E+15

		156.2		18.4868803277		18486880.3277053		0.0000000079		0.0000000075		0.0000000077		1.1471815076		-1.7248159495		28240197.7584992		28240197.7584992		107431779.881293		33042677.3810214		3.57825964530507E+15

		157.2		18.7086151521		18708615.1521174		0.000000008		0.0000000076		0.0000000078		1.1433236422		-1.7291742509		28617235.4603285		28617235.4603285		109507791.750032		95793417.3878011		3.59462957826561E+15

		158.2		18.9313473683		18931347.36825		0.000000008		0.0000000076		0.0000000079		1.1395042255		-1.7334851452		28994635.6978365		28994635.6978365		111610381.060764		94450156.5346239		3.61079868381366E+15

		159.2		19.1550644296		19155064.4295923		0.0000000081		0.0000000077		0.000000008		1.1357224547		-1.7377496237		29372338.3123439		29372338.3123439		113739716.881187		32701613.1427205		3.62676439298968E+15

		160.2		19.3797536393		19379753.6393397		0.0000000082		0.0000000078		0.000000008		1.1319775498		-1.741968649		29750283.7129903		29750283.7129903		115895968.278997		65300037.2716147		3.64252426932264E+15

		161.2		19.6054021585		19605402.1584888		0.0000000082		0.0000000078		0.0000000081		1.1282687528		-1.7461431566		30128412.9027551		30128412.9027551		118079304.321892		118026867.816843		3.65807600757226E+15

		162.2		19.8319970138		19831997.0138494		0.0000000083		0.0000000079		0.0000000082		1.1245953276		-1.7502740549		30506667.5034573		30506667.5034573		120289894.07757		63284210.6628743		3.67341743238463E+15

		163.2		20.059525106		20059525.1059687		0.0000000084		0.000000008		0.0000000082		1.1209565586		-1.7543622269		30884989.7797286		30884989.7797286		122527906.613726		36442565.8357484		3.68854649686601E+15

		164.2		20.287973217		20287973.2169625		0.0000000084		0.0000000081		0.0000000083		1.1173517502		-1.7584085307		31263322.6619553		31263322.6619553		124793510.998058		108936183.816163		3.70346128107875E+15

		165.2		20.5173280182		20517328.018249		0.0000000085		0.0000000081		0.0000000084		1.1137802264		-1.7624138002		31641609.7681855		31641609.7681855		127086876.298264		107261815.150198		3.71815999046444E+15

		166.2		20.7475760782		20747576.0781817		0.0000000086		0.0000000082		0.0000000084		1.11024133		-1.7663788463		32019795.425001		32019795.425001		129408171.582041		35862900.1298168		3.73264095419788E+15

		167.2		20.9787038696		20978703.8695762		0.0000000086		0.0000000083		0.0000000085		1.1067344216		-1.7703044572		32397824.6873543		32397824.6873543		131757565.917085		73400625.1428909		3.74690262347666E+15

		168.2		21.2106977771		21210697.7771278		0.0000000087		0.0000000083		0.0000000086		1.1032588798		-1.7741913993		32775643.3573722		32775643.3573722		134135228.371094		134074797.574935		3.76094356974978E+15

		169.2		21.4435441047		21443544.1047165		0.0000000088		0.0000000084		0.0000000086		1.0998141001		-1.7780404181		33153198.0021302		33153198.0021302		136541328.011765		70897540.9364414		3.77476248289012E+15

		170.2		21.6772290826		21677229.0825963		0.0000000089		0.0000000085		0.0000000087		1.0963994943		-1.7818522386		33530435.9704026		33530435.9704026		138976033.906796		39925059.2598952		3.78835816931386E+15

		171.2		21.9117388745		21911738.8744646		0.0000000089		0.0000000085		0.0000000088		1.0930144902		-1.7856275663		33907305.4083944		33907305.4083944		141439515.123882		123208252.44404		3.80172955005122E+15

		172.2		22.1470595844		22147059.5844111		0.000000009		0.0000000086		0.0000000088		1.089658531		-1.7893670876		34283755.2744634		34283755.2744634		143931940.730723		121156772.715872		3.81487565877212E+15

		173.2		22.3831772637		22383177.2637407		0.0000000091		0.0000000087		0.0000000089		1.0863310749		-1.7930714702		34659735.352841		34659735.352841		146453479.795014		39071299.4653991		3.82779563977022E+15

		174.2		22.6200779177		22620077.9176717		0.0000000091		0.0000000087		0.000000009		1.0830315945		-1.7967413642		35035196.2663634		35035196.2663634		149004301.384453		82066845.2764899		3.84048874590924E+15

		175.2		22.8577475119		22857747.5119033		0.0000000092		0.0000000088		0.000000009		1.0797595761		-1.8003774024		35410089.4882224		35410089.4882224		151584574.566736		151515311.096235		3.85295433653466E+15

		176.2		23.0961719791		23096171.9790537		0.0000000093		0.0000000089		0.0000000091		1.07651452		-1.8039802008		35784367.3527514		35784367.3527514		154194468.409563		79012844.9425635		3.86519187535466E+15

		177.2		23.335337225		23335337.2249649		0.0000000093		0.0000000089		0.0000000092		1.0732959393		-1.8075503594		36157983.0652577		36157983.0652577		156834151.980628		43476246.2771443		3.87720092829301E+15

		178.2		23.5752291349		23575229.1348742		0.0000000094		0.000000009		0.0000000093		1.0701033597		-1.8110884623		36530890.7109183		36530890.7109183		159503794.34763		138654680.257673		3.88898116131772E+15

		179.2		23.8158335795		23815833.5794502		0.0000000095		0.0000000091		0.0000000093		1.0669363195		-1.8145950785		36903045.2627525		36903045.2627525		162203564.578265		136177229.825126		3.90053233824819E+15

		180.2		24.0571364207		24057136.4206923		0.0000000095		0.0000000091		0.0000000094		1.0637943686		-1.8180707624		37274402.5886898		37274402.5886898		164933631.740232		42312044.6926547		3.91185431854406E+15

		181.2		24.2991235177		24299123.5176925		0.0000000096		0.0000000092		0.0000000095		1.0606770686		-1.821516054		37644919.4577496		37644919.4577496		167694164.901226		91312362.572188		3.92294705507869E+15

		182.2		24.5417807323		24541780.7322605		0.0000000097		0.0000000093		0.0000000095		1.0575839921		-1.8249314798		38014553.5453508		38014553.5453508		170485333.128945		170406353.773644		3.93381059190019E+15

		183.2		24.7850939344		24785093.934408		0.0000000097		0.0000000093		0.0000000096		1.0545147228		-1.8283175526		38383263.4377705		38383263.4377705		173307305.491087		87640555.477672		3.94444506198258E+15

		184.2		25.0290490077		25029049.0076957		0.0000000098		0.0000000094		0.0000000097		1.0514688545		-1.8316747725		38751008.6357708		38751008.6357708		176160251.055348		47084029.2545941		3.9548506849701E+15

		185.2		25.2736318544		25273631.8544398		0.0000000099		0.0000000095		0.0000000097		1.0484459915		-1.835003627		39117749.5574143		39117749.5574143		179044338.889426		155320857.220482		3.96502776491704E+15

		186.2		25.5188284008		25518828.4007796		0.0000000099		0.0000000095		0.0000000098		1.0454457478		-1.8383045914		39483447.5400884		39483447.5400884		181959738.061018		152365801.405841		3.97497668802555E+15

		187.2		25.7646246016		25764624.6016048		0.00000001		0.0000000096		0.0000000099		1.042467747		-1.8415781294		39848064.8417592		39848064.8417592		184906617.63782		45572312.7317241		3.98469792038413E+15

		188.2		26.0110064453		26011006.4453445		0.0000000101		0.0000000097		0.0000000099		1.0395116218		-1.8448246931		40211564.6414773		40211564.6414773		187885146.687531		101152045.58727		3.99419200570884E+15

		189.2		26.2579599586		26257959.958616		0.0000000101		0.0000000097		0.00000001		1.036577014		-1.8480447236		40573911.0391562		40573911.0391562		190895494.277846		190805872.236145		4.00345956308966E+15

		190.2		26.5054712107		26505471.2107366		0.0000000102		0.0000000098		0.0000000101		1.0336635742		-1.8512386513		40935069.054646		40935069.054646		193937829.476464		96792435.4536642		4.01250128474409E+15

		191.2		26.7535263181		26753526.3180954		0.0000000103		0.0000000099		0.0000000101		1.0307709612		-1.8544068962		41295004.6261245		41295004.6261245		197012321.351082		50738296.7084292		4.02131793378009E+15

		192.2		27.0021114484		27002111.4483898		0.0000000103		0.00000001		0.0000000102		1.0278988421		-1.8575498681		41653684.6078276		41653684.6078276		200119138.969397		173252534.704587		4.0299103419703E+15

		193.2		27.2512128247		27251212.8247241		0.0000000104		0.00000001		0.0000000103		1.0250468922		-1.8606679671		42011076.7671433		42011076.7671433		203258451.399105		169765548.311691		4.03827940753936E+15

		194.2		27.5008167296		27500816.729573		0.0000000105		0.0000000101		0.0000000103		1.022214794		-1.8637615839		42367149.7810896		42367149.7810896		206430427.707904		48841355.2270394		4.04642609296644E+15

		195.2		27.7509095086		27750909.5086109		0.0000000105		0.0000000102		0.0000000104		1.0194022378		-1.8668310999		42721873.2322014		42721873.2322014		209635236.963491		111602037.992427		4.0543514228043E+15

		196.2		28.0014775744		28001477.5744075		0.0000000106		0.0000000102		0.0000000105		1.0166089212		-1.8698768876		43075217.6038472		43075217.6038472		212873048.233564		212771814.412514		4.06205648151675E+15

		197.2		28.25250741		28252507.4099909		0.0000000107		0.0000000103		0.0000000105		1.0138345487		-1.8728993106		43427154.2750002		43427154.2750002		216144030.58582		106481636.539166		4.069542411336E+15

		198.2		28.5039855723		28503985.5722805		0.0000000107		0.0000000104		0.0000000106		1.0110788317		-1.8758987245		43777655.5144849		43777655.5144849		219448353.087955		54430996.725208		4.07681041014144E+15

		199.2		28.7558986954		28755898.6953902		0.0000000108		0.0000000104		0.0000000107		1.0083414882		-1.8788754764		44126694.4747225		44126694.4747225		222786184.807666		192495836.389048		4.08386172936105E+15

		200.2		29.0082334938		29008233.4938032		0.0000000109		0.0000000105		0.0000000107		1.0056222426		-1.8818299055		44474245.1849983		44474245.1849983		226157694.812652		188419987.858641		4.09069767189695E+15

		MIIts calculation for Nb3Sn

		definition: MIIts=(1E-06)*(CuSc/(CuSc+1))Atot^^2Int(T0 to Tmax)(cpcomp/rhoCu)dT

		objective: calculate quench integral as a function of Tmax

		needed: cp of T,B for materials in composite, weighed with Cu/Sc ratio, rhoCu of T,B

		INPUT:

		rho-data - A. Devred

		density data: Gregory "The science and techn. Of supercond. Vol.2, p.500)

		cp-data - normal state: 5th order polynomial fit valid only to 200K!!) of data by Brechna: p. 420, 28-300K data extrapolated																												normal state cp of Nb3Sn:

		cp data - supercon state: doct. Thesis Zong-Ping Zhao MIT Dec. 1990																												T [K]		cp [J/K/kg]

						Nb3Sn		OFHC Cu		RRR		100		conductor data						magnet data										0		0

		GAMMA		J/K**2/kg		0.183		0.011						Cu/Sc ratio		0.85				peak field		12		T						2		0.58

		BETA		J/K**4/kg		0.0042		0.000744						CuSc/(CuSc+1)		0.4594594595				bath temp		4.2		K						4		1.23

		DENS		kg/m**3		5400		8960						Sc/totratio		0.5405405405														6		2.01

		B0		T		20								# strands		60														8		2.99

		TCO		K		19								strand dia		0.0005		m												10		4.23

		Tc0(B)		K		11.0654478523								conductor cross-section in cable		0.000011781		m**2												12		5.8

		NbTi/NbSntogglefactor				0																								14		7.76

		numerical calculation data																												16		10.19

										EXECUTE FROM SECOND ROW ON!!!!																				18		13.1

		delta T		1		K																								20		17.1

		deltaTcp		0.35		K																								22		20.8

		Tmax		MIIts		IIts		rhoCu		rho1		rho2		FactA		Facta		cpcomp		cpn		cps		cpint		cpcomp/rhoCu				24		24.9

		4.2		0.0002621596		262.1596133639		0.0000000006		0		0.0000000002		3.0424385106		0.4540628422		2671.4833355416		1254.1186094483		2671.4833355416		1560.389047333		4111083612787.98				26		31.1

		5.2		0.0006602263		660.2263261344		0.0000000006		0		0.0000000002		3.0423942914		0.4540160412		4056.5061150443		2333.0503936775		4056.5061150443		3995.2040077322		6242325118917.63				28		38.7

		6.2		0.0012410928		1241.0928104327		0.0000000006		0		0.0000000002		3.0423080631		0.4539247778		5919.5854809254		3903.9666754634		5919.5854809254		5067.4311720368		9108919006154.88				50		97

		7.2		0.0020606454		2060.6453670809		0.0000000006		0		0.0000000002		3.0421570017		0.4537648942		8352.6553921038		5971.0510576169		8352.6553921038		5973.9117788434		12851899811044.3				100		200

		8.2		0.0031837376		3183.7376314018		0.0000000006		0		0.0000000002		3.0419121647		0.4535057545		11447.6498074984		8538.7565007867		11447.6498074984		10414.3000508029		17611889734861.9				120		220

		9.2		0.0046841478		4684.1478183383		0.0000000007		0		0.0000000002		3.0415381122		0.4531098412		15296.5026860281		11611.8035721078		15296.5026860281		15054.6896031057		23528840513710.5				150		232

		10.2		0.0066445131		6644.5131034848		0.0000000007		0		0.0000000002		3.040992628		0.4525324568		19991.1479866119		15195.1786938505		19991.1479866119		15971.7593812301		30741674872924.2				200		250

		11.2		0.0086698672		8669.8672080877		0.0000000007		0		0.0000000002		3.0402265653		0.451721553		20661.8143845058		19294.1323920688		25623.5196681686		20661.8143845058		31760803896093				300		262

		12.2		0.0110128039		11012.8039413006		0.0000000007		0		0.0000000002		3.0391838464		0.4506177214		23914.1775452494		23914.1775452494		32285.5516896173		31987.7878017578		36741009364935.6

		13.2		0.0138580171		13858.0171365769		0.0000000007		0		0.0000000002		3.0378016553		0.4491543829		29061.0876329596		29061.0876329596		40069.1780098767		35415.2267657697		44617510652767.4

		14.2		0.017256235		17256.2350166591		0.0000000007		0		0.0000000002		3.0360108638		0.4472582199		34740.8949844969		34740.8949844969		49066.3325878659		34758.1023278143		53289511913100.9

		15.2		0.0212581534		21258.1534049667		0.0000000007		0		0.0000000002		3.0337367322		0.4448498913		40959.8890275369		40959.8890275369		59368.9493825038		52829.3495990036		62756505072541.8

		16.2		0.025914272		25914.2719503164		0.0000000007		0		0.0000000002		3.0308999203		0.4418450705		47724.6145367823		47724.6145367823		71068.9623527092		69536.9597278936		73015413798371.3

		17.2		0.0312746972		31274.6972002		0.0000000007		0		0.0000000002		3.0274178347		0.43815583		55041.8698826115		55041.8698826115		84258.3054574011		59772.700760886		84060073630728.1

		18.2		0.0373889115		37388.9114932219		0.0000000007		0		0.0000000002		3.0232063165		0.4336923795		62918.7052797272		62918.7052797272		99028.9126554984		70721.5585760478		95880695972138.8

		19.2		0.0443055077		44305.5076874911		0.0000000007		0		0.0000000002		3.01818165		0.4283651368		71362.4210358051		71362.4210358051		115472.71790592		113903.745684135		108463332340454

		20.2		0.052071891		52071.8909918534		0.0000000007		0		0.0000000002		3.0122628388		0.4220870759		80380.5658001423		80380.5658001423		133681.655167585		111147.25885721		121789358488549

		21.2		0.0607339506		60733.9505710797		0.0000000007		0		0.0000000002		3.0053740575		0.4147762595		89980.9348123067		89980.9348123067		153747.658399412		90057.5297433212		135835000411455

		22.2		0.0703357051		70335.7050712473		0.0000000007		0		0.0000000002		2.9974471531		0.4063584256		100171.568150785		100171.568150785		175762.66156032		148909.824502715		150570925373091

		23.2		0.0809189276		80918.9276420831		0.0000000007		0		0.0000000002		2.9884240393		0.3967694674		110960.74898163		110960.74898163		199818.598609228		193987.188799095		165961920385729

		24.2		0.0925227573		92522.7572803186		0.0000000007		0		0.0000000002		2.9782588096		0.3859576286		122357.001807113		122357.001807113		226007.403505055		139140.449590911		181966677701489

		25.2		0.1051833042		105183.304238062		0.0000000007		0		0.0000000002		2.9669194011		0.3738852385		134369.090714369		134369.090714369		254421.01020672		160310.440371892		198537701742279

		26.2		0.1189332577		118933.257709182		0.0000000007		0		0.0000000002		2.9543886612		0.3605298396		147006.017624047		147006.017624047		285151.352673142		280237.620310391		215621344822693

		27.2		0.133801504		133801.503951029		0.0000000007		0		0.0000000002		2.9406647186		0.3458846017		160277.020538957		160277.020538957		318290.364863239		251486.189459161		233157970792816

		28.2		0.1498127624		149812.762420823		0.0000000007		0		0.0000000002		2.9257606246		0.3299579899		174191.571792722		174191.571792722		353929.980735931		174407.468897971		251082237537168

		29.2		0.1669872465		166987.246498028		0.0000000007		0		0.0000000002		2.909703298		0.3127727184		188759.376298421		188759.376298421		392162.134250136		319905.723210369		269323482522400

		30.2		0.1853403541		185340.354102427		0.0000000007		0.0000000001		0.0000000002		2.8925318795		0.2943640977		203990.369797245		203990.369797245		433078.759364774		418044.541364785		287806191609881

		31.2		0.2048823922		204882.392235079		0.0000000007		0.0000000001		0.0000000002		2.8742956515		0.2747779364		219894.717107139		219894.717107139		476771.790038763		261489.181477539		306450531021000

		32.2		0.2256183384		225618.3384122		0.0000000007		0.0000000001		0.0000000003		2.8550517137		0.2540681882		236482.810371455		236482.810371455		523333.160231023		298466.702478763		325172925877374

		33.2		0.2475476414		247547.641415142		0.0000000007		0.0000000001		0.0000000003		2.8348626145		0.232294553		253765.267307598		253765.267307598		572854.803900471		561505.013608861		343886676740401

		34.2		0.2706640647		270664.064704793		0.0000000007		0.0000000001		0.0000000003		2.8137941691		0.2095202711		271752.929455675		271752.929455675		625428.655006028		475903.212665276		362502628657924

		35.2		0.2949555823		294955.582282093		0.0000000008		0.0000000001		0.0000000003		2.7919138811		0.1858105555		290456.860427148		290456.860427148		681146.647506612		290926.146844985		380929993603449

		36.2		0.3204043572		320404.357197673		0.0000000008		0.0000000001		0.0000000003		2.7692907996		0.1612325718		309888.344153474		309888.344153474		740100.715361142		587272.886272635		399077646547156

		37.2		0.3469868697		346986.869743446		0.0000000008		0.0000000001		0.0000000003		2.7459978112		0.135858079		330058.883134763		330058.883134763		802382.792528536		771385.933046315		416856472709125

		38.2		0.3746742932		374674.293185382		0.0000000008		0.0000000001		0.0000000004		2.7221164026		0.1097688182		350980.196688419		350980.196688419		868084.812967715		434711.645712384		434183249402617

		39.2		0.4034331999		403433.199878985		0.0000000008		0.0000000002		0.0000000004		2.6977419998		0.0830626347		372664.219197794		372664.219197794		937298.710637596		494672.937034827		450985826965128

		40.2		0.433226604		433226.604025261		0.0000000008		0.0000000002		0.0000000004		2.6729867896		0.0558569436		395123.098360834		395123.098360834		1010116.4194971		988241.539799793		467208407821816

		41.2		0.464015242		464015.241984255		0.0000000009		0.0000000002		0.0000000004		2.64797774		0.0282869603		418369.193438728		418369.193438728		1086629.87350514		804105.610268321		482815271769528

		42.2		0.4957589129		495758.912856211		0.0000000009		0.0000000002		0.0000000004		2.6228497912		0.0004985363		442415.073504558		442415.073504558		1166931.00662064		443285.343212553		497791721069926

		43.2		0.528417687		528417.687046384		0.0000000009		0.0000000003		0.0000000005		2.5977362489		-0.0273622792		467273.515691943		467273.515691943		1251111.75280253		972662.539922153		512142010221084

		44.2		0.5619528369		561952.836868067		0.0000000009		0.0000000003		0.0000000005		2.5727591744		-0.0551599239		492957.503443697		492957.503443697		1339264.0460097		1283724.09883136		525884987070638

		45.2		0.5963274225		596327.422471677		0.000000001		0.0000000003		0.0000000005		2.5480220425		-0.0827777149		519480.224760467		519480.224760467		1431479.8202011		667154.496525757		539048687774890

		46.2		0.6315065452		631506.54515737		0.000000001		0.0000000003		0.0000000006		2.5236057782		-0.1101226432		546855.070449388		546855.070449388		1527851.00933563		758833.011084285		551665120838682

		47.2		0.6674573357		667457.335668043		0.000000001		0.0000000004		0.0000000006		2.499568146		-0.1371264957		575095.63237273		575095.63237273		1628469.54737221		1591001.77841446		563766111182256

		48.2		0.7041487698		704148.769835628		0.0000000011		0.0000000004		0.0000000006		2.4759457341		-0.1637440654		604215.701696549		604215.701696549		1733427.36826977		1256024.30737845		575380592763824

		49.2		0.7415514023		741551.40233424		0.0000000011		0.0000000004		0.0000000007		2.4527575011		-0.1899495447		634229.267139329		634229.267139329		1842816.40598722		635680.990598175		586533324363522

		50.2		0.7796370913		779637.091250934		0.0000000011		0.0000000005		0.0000000007		2.4300089239		-0.2157321488		665150.51322064		665150.51322064		1956728.59448348		1497910.83965322		597244745588758

		51.2		0.8183787619		818378.761862435		0.0000000011		0.0000000005		0.0000000007		2.4076960336		-0.241091771		696993.818509777		696993.818509777		2075255.86771747		1984805.66136692		607531591686853

		52.2		0.8577502348		857750.23475483		0.0000000012		0.0000000005		0.0000000008		2.3858089115		-0.2660351617		729773.753874417		729773.753874417		2198490.1596481		967593.624340012		617407902545927

		53.2		0.8977261251		897726.125130726		0.0000000012		0.0000000006		0.0000000008		2.364334459		-0.2905728627		763505.080729262		763505.080729262		2326523.40423431		1101248.99205205		626886139028745

		54.2		0.9382818079		938281.807917087		0.0000000013		0.0000000006		0.0000000008		2.3432584266		-0.3147169339		798202.749284692		798202.749284692		2459447.535435		2400358.22731426		635978214832859

		55.2		0.9793934365		979393.436531788		0.0000000013		0.0000000007		0.0000000009		2.3225667833		-0.3384793983		833881.896795407		833881.896795407		2597354.4872091		1851801.42804148		644696337945561

		56.2		1.0210380006		1021038.00057825		0.0000000013		0.0000000007		0.0000000009		2.3022465519		-0.3618712764		870557.845809085		870557.845809085		2740336.19351552		872803.774963016		653053621098634

		57.2		1.0631934079		1063193.40790998		0.0000000014		0.0000000007		0.000000001		2.2822862419		-0.3849020719		908246.102415022		908246.102415022		2888484.58831319		2185028.41380155		661064463927639

		58.2		1.1058385783		1105838.57825465		0.0000000014		0.0000000008		0.000000001		2.2626759987		-0.4075795787		946962.354492787		946962.354492787		3041891.60556101		2904409.19925238		668744734243986

		59.2		1.148953538		1148953.53804331		0.0000000015		0.0000000008		0.0000000011		2.2434075664		-0.4299099027		986722.469960865		986722.469960865		3200649.17921792		1345209.48702287		676111786933169

		60.2		1.1925195087		1192519.50868874		0.0000000015		0.0000000009		0.0000000011		2.2244741391		-0.4518976152		1027542.49502531		1027542.49502531		3364849.24324283		1532598.07321835		683184361227459

		61.2		1.236518983		1236518.98297029		0.0000000015		0.0000000009		0.0000000012		2.2058701535		-0.4735459772		1069438.65242839		1069438.65242839		3534583.73159466		3446900.25570984		689982394195442

		62.2		1.2809357862		1280935.78624951		0.0000000016		0.000000001		0.0000000012		2.1875910614		-0.4948571923		1112427.33969725		1112427.33969725		3709944.57823232		2611777.85085714		696526782865496

		63.2		1.3257551209		1325755.12090879		0.0000000016		0.000000001		0.0000000013		2.169633104		-0.5158326593		1156525.12739253		1156525.12739253		3891023.71711474		1159809.73602626		702839121135183

		64.2		1.3709635937		1370963.59368225		0.0000000017		0.0000000011		0.0000000013		2.1519931035		-0.5364732099		1201748.75735704		1201748.75735704		4077913.08220084		3056189.90712384		708941431494190

		65.2		1.4165492265		1416549.22647601		0.0000000017		0.0000000011		0.0000000014		2.134668279		-0.5567793191		1248115.1409644		1248115.1409644		4270704.60744953		4072343.3153326		714855906111130

		66.2		1.4625014519		1462501.45190798		0.0000000018		0.0000000012		0.0000000014		2.1176560903		-0.5767512869		1295641.3573677		1295641.3573677		4469490.22681974		1809562.44114072		720604667212122

		67.2		1.5088110952		1508811.09519252		0.0000000019		0.0000000012		0.0000000015		2.1009541079		-0.5963893884		1344344.65174812		1344344.65174812		4674361.87427037		2063909.49919331		726209552944546

		68.2		1.5554703442		1555470.34420444		0.0000000019		0.0000000013		0.0000000015		2.0845599106		-0.6156939954		1394242.43356362		1394242.43356362		4885411.48376036		4761233.05718019		731691932012572

		69.2		1.6024727096		1602472.70962776		0.000000002		0.0000000014		0.0000000016		2.0684710049		-0.63466567		1445352.27479754		1445352.27479754		5102730.98924862		3556480.76459737		737072548188014

		70.2		1.6498129771		1649812.97706402		0.000000002		0.0000000014		0.0000000017		2.0526847659		-0.6533052357		1497691.90820728		1497691.90820728		5326412.32469407		1502290.86765944		742371394224120

		71.2		1.6974871529		1697487.15287593		0.0000000021		0.0000000015		0.0000000017		2.0371983953		-0.6716138271		1551279.22557296		1551279.22557296		5556547.42405563		4133723.52437779		747607613616250

		72.2		1.7454924054		1745492.40539871		0.0000000021		0.0000000015		0.0000000018		2.0220088933		-0.6895929226		1606132.27594603		1606132.27594603		5793228.22129221		5518444.70499077		752799427958403

		73.2		1.793827003		1793827.00298233		0.0000000022		0.0000000016		0.0000000018		2.0071130439		-0.7072443624		1662269.26389795		1662269.26389795		6036546.65036274		2370568.07321207		757964087248331

		74.2		1.8424902501		1842490.25014845		0.0000000023		0.0000000017		0.0000000019		1.992507408		-0.7245703554		1719708.54776884		1719708.54776884		6286594.64522614		2706541.49139173		763117840321207

		75.2		1.891482423		1891482.42296492		0.0000000023		0.0000000017		0.000000002		1.9781883253		-0.7415734762		1778468.6379161		1778468.6379161		6543464.13984132		6373976.60269172		768275922581138

		76.2		1.9408047046		1940804.70456703		0.0000000024		0.0000000018		0.000000002		1.9641519219		-0.7582566547		1838568.19496307		1838568.19496307		6807247.0681672		4706611.22382455		773452558301963

		77.2		1.9904591216		1990459.12159184		0.0000000024		0.0000000018		0.0000000021		1.9503941213		-0.7746231605		1900026.02804771		1900026.02804771		7078035.3641627		1906245.71828082		778660974945330

		78.2		2.0404484821		2040448.4821432		0.0000000025		0.0000000019		0.0000000022		1.9369106599		-0.7906765831		1962861.09307121		1962861.09307121		7355920.96178674		5440100.57390139		783913427165408

		79.2		2.0907763158		2090776.31577225		0.0000000026		0.000000002		0.0000000022		1.9236971036		-0.8064208087		2027092.49094664		2027092.49094664		7640995.79499824		7272576.22444168		789221228413843

		80.2		2.1414468158		2141446.81584093		0.0000000026		0.000000002		0.0000000023		1.9107488662		-0.8218599957		2092739.46584762		2092739.46584762		7933351.79775613		3038472.53096071		794594788309143

		81.2		2.1924647845		2192464.78453459		0.0000000027		0.0000000021		0.0000000024		1.8980612287		-0.8369985487		2159821.40345698		2159821.40345698		8233080.9040193		3472158.17350745		800043654180721

		82.2		2.2438355807		2243835.58070373		0.0000000028		0.0000000022		0.0000000024		1.8856293581		-0.8518410922		2228357.82921535		2228357.82921535		8540275.0477467		8315764.59361753		805576555431031

		83.2		2.2955650706		2295565.07064147		0.0000000028		0.0000000023		0.0000000025		1.8734483269		-0.8663924445		2298368.40656987		2298368.40656987		8855026.16289723		6083031.70450983		811201449575453

		84.2		2.3476595818		2347659.58184381		0.0000000029		0.0000000023		0.0000000026		1.8615131313		-0.8806575914		2369872.93522281		2369872.93522281		9177426.18342981		2378049.99124971		816925569015426

		85.2		2.4001258598		2400125.85975022		0.000000003		0.0000000024		0.0000000026		1.8498187094		-0.894641662		2442891.34938023		2442891.34938023		9507567.04330337		6997925.011193		822755467775402

		86.2		2.4529710274		2452971.027423		0.000000003		0.0000000025		0.0000000027		1.8383599575		-0.9083499042		2517443.71600061		2517443.71600061		9845540.67647682		9364624.95902459		828697067587784

		87.2		2.5062025481		2506202.54809314		0.0000000031		0.0000000025		0.0000000028		1.8271317469		-0.921787662		2593550.23304352		2593550.23304352		10191439.0169091		3823827.85456914		834755702843672

		88.2		2.5598281905		2559828.19047684		0.0000000032		0.0000000026		0.0000000028		1.816128938		-0.9349603541		2671231.22771826		2671231.22771826		10545353.9985591		4372706.49698809		840936164041564

		89.2		2.6138559967		2613855.99674965		0.0000000032		0.0000000027		0.0000000029		1.8053463943		-0.9478734539		2750507.1547325		2750507.1547325		10907377.5553857		10617243.4147561		847242739463183

		90.2		2.6682942531		2668294.25305311		0.0000000033		0.0000000027		0.000000003		1.7947789955		-0.9605324709		2831398.59454094		2831398.59454094		11277601.6213479		7706753.65965109		853679254886888

		91.2		2.7231514624		2723151.46240094		0.0000000034		0.0000000028		0.0000000031		1.7844216483		-0.972942933		2913926.25159397		2913926.25159397		11656118.1304046		2924427.14526084		860249111216432

		92.2		2.7784363198		2778436.3198475		0.0000000035		0.0000000029		0.0000000031		1.7742692972		-0.9851103714		2998110.95258629		2998110.95258629		12043019.0165147		8829922.98249087		866955319957819

		93.2		2.8341576898		2834157.68978001		0.0000000035		0.000000003		0.0000000032		1.7643169342		-0.9970403054		3083973.64470556		3083973.64470556		12438396.2136371		11824500.2914963		873800536521504

		94.2		2.8903245852		2890324.5851964		0.0000000036		0.000000003		0.0000000033		1.7545596065		-1.0087382298		3171535.3938811		3171535.3938811		12842341.6557308		4737467.3079317		880787091362421

		95.2		2.9469461488		2946946.14883369		0.0000000037		0.0000000031		0.0000000034		1.7449924247		-1.0202096028		3260817.38303247		3260817.38303247		13254947.2767546		5420393.1665102		887917018997856

		96.2		3.004031636		3004031.63601537		0.0000000037		0.0000000032		0.0000000034		1.7356105686		-1.0314598358		3351840.91031815		3351840.91031815		13676305.0106675		13309071.087351		895192084964193

		97.2		3.0615903991		3061590.39909119		0.0000000038		0.0000000033		0.0000000035		1.7264092936		-1.0424942831		3444627.38738419		3444627.38738419		14106506.7914284		9598925.07489215		902613810789055

		98.2		3.1196318733		3119631.87334846		0.0000000039		0.0000000033		0.0000000036		1.717383935		-1.0533182345		3539198.33761287		3539198.33761287		14545644.5529963		3552418.99473871		910183497066400

		99.2		3.1781655643		3178165.56427987		0.000000004		0.0000000034		0.0000000036		1.7085299127		-1.0639369073		3635575.39437133		3635575.39437133		14993810.2293299		10958932.3683532		917902244729439

		100.2		3.2372010361		3237201.0360993		0.000000004		0.0000000035		0.0000000037		1.6998427341		-1.0743554402		3733780.29926021		3733780.29926021		15451095.7543883		14682131.9703242		925770974620586

		101.2		3.2967479014		3296747.90140339		0.0000000041		0.0000000036		0.0000000038		1.6913179976		-1.0845788876		3833834.90036232		3833834.90036232		15917593.0621304		5790480.70990887		933790445459520

		102.2		3.3568158119		3356815.8118833		0.0000000042		0.0000000036		0.0000000039		1.6829513942		-1.0946122153		3935761.15049128		3935761.15049128		16393394.0865151		6627661.56545323		941961270310547

		103.2		3.41741445		3417414.44999712		0.0000000043		0.0000000037		0.0000000039		1.67473871		-1.1044602958		4039581.10544018		4039581.10544018		16878590.7615013		16421916.2221096		950283931648936

		104.2		3.4785535215		3478553.52152		0.0000000043		0.0000000038		0.000000004		1.666675827		-1.114127906		4145316.92223021		4145316.92223021		17373275.021048		11780818.0241398		958758795123430

		105.2		3.5402427489		3540242.74889468		0.0000000044		0.0000000038		0.0000000041		1.658758724		-1.1236197238		4252990.8573593		4252990.8573593		17877538.799114		4269356.31023184		967386122108653

		106.2		3.6024918653		3602491.86531105		0.0000000045		0.0000000039		0.0000000042		1.6509834773		-1.1329403264		4362625.26505082		4362625.26505082		18391474.0296582		13407892.3272364		976166081137281

		107.2		3.6653106094		3665310.60944877		0.0000000045		0.000000004		0.0000000042		1.6433462607		-1.142094189		4474242.59550216		4474242.59550216		18915172.6466397		17967468.1779793		985098758297346

		108.2		3.7287087208		3728708.72082199		0.0000000046		0.0000000041		0.0000000043		1.6358433452		-1.1510856832		4587865.39313344		4587865.39313344		19448726.5840172		6994189.76557863		994184166675568

		109.2		3.7926959357		3792695.93567041		0.0000000047		0.0000000041		0.0000000044		1.6284710989		-1.1599190768		4703516.29483611		4703516.29483611		19992227.7757498		8007168.68137371		1.00342225492279E+15

		110.2		3.8572819833		3857281.98334499		0.0000000048		0.0000000042		0.0000000045		1.6212259858		-1.1685985335		4821218.02822164		4821218.02822164		20545768.1557963		19986456.9722223		1.01281291501288E+15

		111.2		3.9224765831		3922476.58314137		0.0000000048		0.0000000043		0.0000000045		1.6141045654		-1.1771281129		4940993.40987012		4940993.40987012		21109439.6581157		14273816.2251832		1.0223559892618E+15

		112.2		3.9882894415		3988289.44153753		0.0000000049		0.0000000044		0.0000000046		1.6071034911		-1.1855117708		5062865.34357898		5062865.34357898		21683334.2166669		5082829.41880738		1.03205127666889E+15

		113.2		4.0547302498		4054730.24979649		0.000000005		0.0000000044		0.0000000047		1.6002195093		-1.1937533604		5186856.81861155		5186856.81861155		22267543.7654088		16199832.8390778		1.04189853863816E+15

		114.2		4.1218086819		4121808.68189748		0.0000000051		0.0000000045		0.0000000048		1.5934494577		-1.2018566326		5312990.9079458		5312990.9079458		22862160.2383003		21710473.599229		1.05189750413284E+15

		115.2		4.1895343928		4189534.39276303		0.0000000051		0.0000000046		0.0000000048		1.5867902641		-1.2098252374		5441290.76652289		5441290.76652289		23467275.5693003		8360123.39749139		1.06204787431283E+15

		116.2		4.2579170168		4257917.01675159		0.0000000052		0.0000000047		0.0000000049		1.5802389444		-1.2176627252		5571779.62949592		5571779.62949592		24082981.6923678		9571762.03148082		1.07234932670036E+15

		117.2		4.3269661664		4326966.16638841		0.0000000053		0.0000000047		0.000000005		1.5737926011		-1.2253725483		5704480.8104785		5704480.8104785		24709370.5414617		24033379.986381		1.08280151891614E+15

		118.2		4.3966914313		4396691.43130979		0.0000000053		0.0000000048		0.000000005		1.5674484214		-1.2329580625		5839417.69979346		5839417.69979346		25346534.0505409		17099402.5953099		1.09340409202431E+15

		119.2		4.4671023774		4467102.37739789		0.0000000054		0.0000000049		0.0000000051		1.5612036755		-1.2404225287		5976613.76272143		5976613.76272143		25994564.1535643		6000658.80444518		1.10415667352196E+15

		120.2		4.5382085461		4538208.5460856		0.0000000055		0.0000000049		0.0000000052		1.5550557145		-1.2477691148		6116092.53774955		6116092.53774955		26653552.7844908		19357864.2488726		1.1150588800054E+15

		121.2		4.6100194538		4610019.45381276		0.0000000056		0.000000005		0.0000000053		1.5490019685		-1.2550008974		6257877.63482009		6257877.63482009		27323591.8772794		25941127.4894315		1.1261103195433E+15

		122.2		4.6825445916		4682544.59161671		0.0000000056		0.0000000051		0.0000000053		1.543039945		-1.2621208642		6401992.73357911		6401992.73357911		28004773.365889		9899993.07692422		1.13731059378379E+15

		123.2		4.7557934248		4755793.42484185		0.0000000057		0.0000000052		0.0000000054		1.5371672264		-1.2691319153		6548461.58162509		6548461.58162509		28697189.1842784		11334456.5881122		1.14865929982037E+15

		124.2		4.829775393		4829775.3929543		0.0000000058		0.0000000052		0.0000000055		1.5313814684		-1.2760368661		6697307.9927576		6697307.9927576		29400931.2664067		28593379.3617999		1.16015603183965E+15

		125.2		4.9044999094		4904499.90944893		0.0000000058		0.0000000053		0.0000000056		1.525680398		-1.2828384485		6848555.84522594		6848555.84522594		30116091.5462327		20279146.8069283		1.17180038257149E+15

		126.2		4.9799763618		4979976.36183764		0.0000000059		0.0000000054		0.0000000056		1.5200618114		-1.2895393135		7002229.07997778		7002229.07997778		30842761.9577153		7030865.70843224		1.18359194456049E+15

		127.2		5.0562141117		5056214.11170828		0.000000006		0.0000000055		0.0000000057		1.5145235723		-1.2961420332		7158351.69890782		7158351.69890782		31581034.4348135		22905166.8102535		1.19553031127637E+15

		128.2		5.1332224948		5133222.4948452		0.0000000061		0.0000000055		0.0000000058		1.5090636096		-1.3026491028		7316947.76310645		7316947.76310645		32331000.9114862		30689421.7428253		1.20761507807856E+15

		129.2		5.2110108214		5211010.82140287		0.0000000061		0.0000000056		0.0000000058		1.5036799159		-1.3090629425		7478041.39110836		7478041.39110836		33092753.3216923		11625668.1551301		1.21984584304967E+15

		130.2		5.2895883761		5289588.37612518		0.0000000062		0.0000000057		0.0000000059		1.4983705456		-1.3153859001		7641656.75714124		7641656.75714124		33866383.5993907		13308411.7042058		1.23222220771077E+15

		131.2		5.3689644186		5368964.41860351		0.0000000063		0.0000000057		0.000000006		1.4931336126		-1.3216202524		7807818.08937438		7807818.08937438		34651983.6785404		33697155.5972329		1.24474377763016E+15

		132.2		5.4491481836		5449148.18356755		0.0000000063		0.0000000058		0.0000000061		1.4879672891		-1.3277682077		7976549.66816734		7976549.66816734		35449645.4931002		23834692.843182		1.25741016293666E+15

		133.2		5.5301488812		5530148.88120337		0.0000000064		0.0000000059		0.0000000061		1.4828698034		-1.3338319076		8147875.82431862		8147875.82431862		36259460.9770291		8181642.72975704		1.27022097874701E+15

		134.2		5.6119756975		5611975.69749386		0.0000000065		0.000000006		0.0000000062		1.4778394384		-1.3398134288		8321820.93731427		8321820.93731427		37081522.064286		26864980.2290745		1.28317584551631E+15

		135.2		5.6946377946		5694637.79457708		0.0000000066		0.000000006		0.0000000063		1.4728745299		-1.3457147854		8498409.43357655		8498409.43357655		37915920.6888298		35985358.9608279		1.29627438931955E+15

		136.2		5.7781443111		5778144.31111869		0.0000000066		0.0000000061		0.0000000063		1.4679734646		-1.3515379304		8677665.78471261		8677665.78471261		38762748.7846195		13549151.194597		1.30951624207154E+15

		137.2		5.8625043627		5862504.36269483		0.0000000067		0.0000000062		0.0000000064		1.463134679		-1.3572847579		8859614.50576309		8859614.50576309		39622098.2856139		15506908.0387739		1.32290104169191E+15

		138.2		5.9477270422		5947727.04218248		0.0000000068		0.0000000062		0.0000000065		1.4583566575		-1.3629571046		9044280.1534508		9044280.1534508		40494061.125772		39375414.545993		1.33642843222099E+15

		139.2		6.0338214202		6033821.42015435		0.0000000068		0.0000000063		0.0000000066		1.4536379308		-1.3685567519		9231687.32442936		9231687.32442936		41378729.2390527		27787746.5535677		1.35009806389223E+15

		140.2		6.1207965453		6120796.54527597		0.0000000069		0.0000000064		0.0000000066		1.4489770747		-1.3740854273		9421860.65353186		9421860.65353186		42276194.5594149		9461324.42550401		1.36390959316598E+15

		141.2		6.2086614447		6208661.44470276		0.000000007		0.0000000065		0.0000000067		1.4443727084		-1.3795448063		9614824.81201948		9614824.81201948		43186549.0208176		31260593.2069824		1.37786268272896E+15

		142.2		6.2974251245		6297425.12447512		0.000000007		0.0000000065		0.0000000068		1.4398234931		-1.3849365141		9810604.50583018		9810604.50583018		44109884.5572196		41858950.5203231		1.3919570014637E+15

		143.2		6.3870965699		6387096.56990984		0.0000000071		0.0000000066		0.0000000068		1.4353281309		-1.3902621268		10009224.4738273		10009224.4738273		45046293.1025798		15682553.3002949		1.40619222439125E+15

		144.2		6.477684746		6477684.7459865		0.0000000072		0.0000000067		0.0000000069		1.4308853629		-1.3955231737		10210709.4860482		10210709.4860482		45995866.5908573		17943324.4823844		1.42056803259077E+15

		145.2		6.5691985977		6569198.59772727		0.0000000073		0.0000000067		0.000000007		1.4264939687		-1.4007211379		10415084.3419531		10415084.3419531		46958696.9560108		45658866.368973		1.43508411309867E+15

		146.2		6.6616470506		6661647.05056932		0.0000000073		0.0000000068		0.0000000071		1.4221527643		-1.4058574585		10622373.8686734		10622373.8686734		47934876.1319994		32160063.2095606		1.44974015879019E+15

		147.2		6.7550390107		6755039.01072856		0.0000000074		0.0000000069		0.0000000071		1.4178606015		-1.4109335318		10832602.9192605		10832602.9192605		48924496.0527819		10878357.9112479		1.46453586824562E+15

		148.2		6.8493833656		6849383.36555415		0.0000000075		0.0000000069		0.0000000072		1.4136163665		-1.4159507126		11045796.3709346		11045796.3709346		49927648.6523173		36115332.9850059		1.47947094560354E+15

		149.2		6.9446889839		6944688.98387282		0.0000000075		0.000000007		0.0000000073		1.4094189787		-1.4209103155		11261979.1233331		11261979.1233331		50944425.8645645		48340214.6419565		1.49454510040281E+15

		150.2		7.0409647163		7040964.71632258		0.0000000076		0.0000000071		0.0000000073		1.4052673898		-1.4258136166		11481176.0967592		11481176.0967592		51974919.6234824		18038069.4509373		1.50975804741519E+15

		151.2		7.1382193957		7138219.39567527		0.0000000077		0.0000000072		0.0000000074		1.4011605824		-1.4306618541		11703412.2304311		11703412.2304311		53019221.8630299		20631115.0826227		1.52510950647016E+15

		152.2		7.2364618371		7236461.83714747		0.0000000077		0.0000000072		0.0000000075		1.3970975694		-1.4354562303		11928712.4807298		11928712.4807298		54077424.5171659		52578224.4876611		1.54059920227319E+15

		153.2		7.3357008387		7335700.83869954		0.0000000078		0.0000000073		0.0000000075		1.3930773925		-1.4401979122		12157101.8194484		12157101.8194484		55149619.5198494		36973435.0602225		1.55622686421901E+15

		154.2		7.4359451813		7435945.18132246		0.0000000079		0.0000000074		0.0000000076		1.3890991218		-1.4448880327		12388605.2320406		12388605.2320406		56235898.8050393		12441273.4614475		1.57199222620063E+15

		155.2		7.5372036293		7537203.62931234		0.0000000079		0.0000000074		0.0000000077		1.3851618544		-1.4495276922		12623247.7158691		12623247.7158691		57336354.3066945		41452554.8871297		1.58789502641543E+15

		156.2		7.6394849305		7639484.93053236		0.000000008		0.0000000075		0.0000000077		1.3812647136		-1.454117959		12861054.2784547		12861054.2784547		58451077.9587739		55459174.4584325		1.60393500716911E+15

		157.2		7.7427978167		7742797.81666221		0.0000000081		0.0000000076		0.0000000078		1.3774068482		-1.458659871		13102049.9357244		13102049.9357244		59580161.6952364		20627953.8302255		1.62011191467817E+15

		158.2		7.8471510034		7847151.00343481		0.0000000082		0.0000000076		0.0000000079		1.3735874316		-1.463154436		13346259.7102606		13346259.7102606		60723697.450041		23583785.9695847		1.6364254988718E+15

		159.2		7.9525531909		7952553.19086044		0.0000000082		0.0000000077		0.000000008		1.3698056608		-1.4676026335		13593708.6295492		13593708.6295492		61881777.1571466		60164204.5371641		1.65287551319379E+15

		160.2		8.0590130634		8059013.06343826		0.0000000083		0.0000000078		0.000000008		1.3660607558		-1.4720054149		13844421.7242288		13844421.7242288		63054492.750512		42249678.8878264		1.66946171440483E+15

		161.2		8.1665392904		8166539.29035529		0.0000000084		0.0000000078		0.0000000081		1.3623519589		-1.4763637047		14098424.0263389		14098424.0263389		64241936.1640963		14158655.109841		1.68618386238591E+15

		162.2		8.2751405257		8275140.52567292		0.0000000084		0.0000000079		0.0000000082		1.3586785337		-1.4806784015		14355740.5675688		14355740.5675688		65444199.3318583		47295631.8638758		1.70304171994309E+15

		163.2		8.3848254085		8384825.40850114		0.0000000085		0.000000008		0.0000000082		1.3550397646		-1.4849503788		14616396.3775063		14616396.3775063		66661374.1877569		63245856.0827972		1.7200350526142E+15

		164.2		8.4956025632		8495602.56316052		0.0000000086		0.0000000081		0.0000000083		1.3514349563		-1.4891804855		14880416.4818859		14880416.4818859		67893552.6657511		23464495.1581075		1.73716362847741E+15

		165.2		8.6074805993		8607480.59933215		0.0000000086		0.0000000081		0.0000000084		1.3478634325		-1.4933695472		15147825.9008381		15147825.9008381		69140826.6997998		26814872.2813365		1.75442721796245E+15

		166.2		8.7204681122		8720468.11219577		0.0000000087		0.0000000082		0.0000000084		1.344324536		-1.4975183666		15418649.6471376		15418649.6471376		70403288.2238619		68447523.3192241		1.77182559366435E+15

		167.2		8.8345736826		8834573.68255609		0.0000000088		0.0000000083		0.0000000085		1.3408176276		-1.5016277243		15692912.7244521		15692912.7244521		71681029.1718963		48010623.5634732		1.78935853016007E+15

		168.2		8.949805877		8949805.87695772		0.0000000088		0.0000000083		0.0000000086		1.3373420859		-1.5056983797		15970640.1255909		15970640.1255909		72974141.477862		16039111.2498398		1.80702580382804E+15

		169.2		9.0661732478		9066173.24778872		0.0000000089		0.0000000084		0.0000000086		1.3338973061		-1.5097310714		16251856.8307534		16251856.8307534		74282717.0757178		53667944.0358826		1.82482719267106E+15

		170.2		9.1836843334		9183684.33337312		0.000000009		0.0000000085		0.0000000087		1.3304827003		-1.5137265181		16536587.8057783		16536587.8057783		75606847.8994227		71730286.6767399		1.8427624761423E+15

		171.2		9.3023476581		9302347.6580525		0.000000009		0.0000000085		0.0000000088		1.3270976962		-1.5176854192		16824858.0003915		16824858.0003915		76946625.8829356		26559992.02203		1.86083143497474E+15

		172.2		9.4221717323		9422171.73225698		0.0000000091		0.0000000086		0.0000000088		1.3237417371		-1.5216084554		17116692.3464554		17116692.3464554		78302142.9602154		30337915.0893854		1.8790338510141E+15

		173.2		9.5431650526		9543165.0525657		0.0000000092		0.0000000087		0.0000000089		1.320414281		-1.525496289		17412115.7562171		17412115.7562171		79673491.0652211		77458897.7552383		1.89736950705518E+15

		174.2		9.6653361018		9665336.1017572		0.0000000092		0.0000000087		0.000000009		1.3171148005		-1.5293495652		17711153.1205572		17711153.1205572		81060762.1319115		54278097.6027101		1.91583818668188E+15

		175.2		9.7886933488		9788693.3488497		0.0000000093		0.0000000088		0.000000009		1.3138427822		-1.5331689117		18013829.3072385		18013829.3072385		82464048.0942456		18091245.2349227		1.93443967411062E+15

		176.2		9.9132452491		9913245.24913171		0.0000000094		0.0000000089		0.0000000091		1.3105977261		-1.5369549403		18320169.1591546		18320169.1591546		83883440.8861823		60592868.2374852		1.95317375403755E+15

		177.2		10.0390002442		10039000.2441831		0.0000000094		0.0000000089		0.0000000092		1.3073791453		-1.5407082463		18630197.4925787		18630197.4925787		85319032.4416805		80942492.518888		1.97204021148915E+15

		178.2		10.1659667619		10165966.7618869		0.0000000095		0.000000009		0.0000000093		1.3041865658		-1.5444294101		18943939.095412		18943939.095412		86770914.6946991		29926728.2081888		1.99103883167654E+15

		179.2		10.2941532164		10294153.2164319		0.0000000096		0.0000000091		0.0000000093		1.3010195255		-1.5481189968		19261418.7254323		19261418.7254323		88239179.5791971		34166438.324181		2.01016939985328E+15

		180.2		10.4235680083		10423568.0083067		0.0000000096		0.0000000091		0.0000000094		1.2978775746		-1.5517775572		19582661.108543		19582661.108543		89723919.0291334		87229043.8392764		2.02943170117675E+15

		181.2		10.5542195243		10554219.5242848		0.0000000097		0.0000000092		0.0000000095		1.2947602746		-1.555405628		19907690.9370215		19907690.9370215		91225224.9784669		61073916.7211488		2.04882552057301E+15

		182.2		10.6861161374		10686116.1374015		0.0000000098		0.0000000093		0.0000000095		1.2916671982		-1.5590037322		20236532.867768		20236532.867768		92743189.3611564		20323625.9790303		2.06835064260513E+15

		183.2		10.8192662069		10819266.2069226		0.0000000099		0.0000000093		0.0000000096		1.2885979288		-1.5625723799		20569211.5205539		20569211.5205539		94277904.111161		68093767.5602949		2.0880068513449E+15

		184.2		10.9536780783		10953678.0783051		0.0000000099		0.0000000094		0.0000000097		1.2855520606		-1.5661120682		20905751.4762706		20905751.4762706		95829461.1624395		90912497.0730909		2.10779393024798E+15

		185.2		11.0893600831		11089360.08315		0.00000001		0.0000000095		0.0000000097		1.2825291976		-1.5696232819		21246177.2751783		21246177.2751783		97397952.4489509		33576948.0327964		2.12771166203237E+15

		186.2		11.2263205391		11226320.5391481		0.0000000101		0.0000000095		0.0000000098		1.2795289539		-1.5731064939		21590513.4151543		21590513.4151543		98983469.9046541		38313925.7005522		2.14775982856006E+15

		187.2		11.36456775		11364567.7500177		0.0000000101		0.0000000096		0.0000000099		1.276550953		-1.5765621653		21938784.3499421		21938784.3499421		100586105.463508		97788675.591107		2.167938210722E+15

		188.2		11.5041100054		11504110.0054357		0.0000000102		0.0000000097		0.0000000099		1.2735948278		-1.5799907461		22291014.4873996		22291014.4873996		102205951.059471		68419871.3900792		2.18824658832614E+15

		189.2		11.644955581		11644955.5809616		0.0000000103		0.0000000097		0.00000001		1.27066022		-1.5833926752		22647228.1877478		22647228.1877478		103843098.626504		22744758.5569606		2.2086847399886E+15

		190.2		11.787112738		11787112.7379547		0.0000000103		0.0000000098		0.0000000101		1.2677467802		-1.5867683811		23007449.7618201		23007449.7618201		105497640.098563		76193980.8967833		2.22925244302786E+15

		191.2		11.9305897235		11930589.7234847		0.0000000104		0.0000000099		0.0000000101		1.2648541672		-1.5901182818		23371703.4693099		23371703.4693099		107169667.409609		101670319.056722		2.24994947336191E+15

		192.2		12.0753947702		12075394.7702364		0.0000000105		0.00000001		0.0000000102		1.2619820482		-1.5934427855		23740013.51702		23740013.51702		108859272.4936		37522831.6733069		2.27077560540831E+15

		193.2		12.2215360964		12221536.0964075		0.0000000105		0.00000001		0.0000000103		1.2591300982		-1.5967422905		24112404.0571112		24112404.0571112		110566547.284495		42793797.6432086		2.29173061198704E+15

		194.2		12.3690219056		12369021.9056004		0.0000000106		0.0000000101		0.0000000103		1.256298		-1.600017186		24488899.1853505		24488899.1853505		112291583.716254		109168504.009202		2.3128142642262E+15

		195.2		12.5178603867		12517860.3867094		0.0000000107		0.0000000102		0.0000000104		1.2534854439		-1.6032678518		24869522.9393602		24869522.9393602		114034473.722835		76337714.3921104		2.33402633147034E+15

		196.2		12.6680597138		12668059.7138004		0.0000000107		0.0000000102		0.0000000105		1.2506921273		-1.6064946591		25254299.2968665		25254299.2968665		115795309.238196		25363054.8047606		2.35536658119149E+15

		197.2		12.819628046		12819628.0459862		0.0000000108		0.0000000103		0.0000000105		1.2479177548		-1.6096979703		25643252.1739476		25643252.1739476		117574182.196298		84916812.4838447		2.3768347789027E+15

		198.2		12.9725735273		12972573.5272967		0.0000000109		0.0000000104		0.0000000106		1.2451620377		-1.6128781396		26036405.4232834		26036405.4232834		119371184.531098		113245970.508959		2.39843068807412E+15

		199.2		13.1269042865		13126904.2865428		0.0000000109		0.0000000104		0.0000000107		1.2424246942		-1.6160355131		26433782.8324029		26433782.8324029		121186408.176556		41776470.4996938		2.42015407005158E+15

		200.2		13.2826284372		13282628.4371762		0.000000011		0.0000000105		0.0000000107		1.2397054486		-1.6191704288		26835408.1219339		26835408.1219339		123019945.06663		47619388.2122209		2.44200468397747E+15
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rhoCu

cpcomp

T [K]

rCu [Wm]

cpcomp [J/K/m3]
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IIts

quench-integral [Amp2sec]

Tpeak [K]
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IIts

quench integral [Amp2sec]

Tpeak [K]
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		CURRENT DECAY CALCULATION:

		IMPORT MIIts 4th order trendline coefficients from MIItscalc-sheet, specify cable and magnet characteristics as well as number of turns quenched by quench heater.

		Spreadsheet calculates iteratively the current decay and temperature development in the magnet from the MIIts tables and the input data

		Optionally a longitudinal quench propagation in one layer can be added

		The model calculates dI from tau and from that IIts and new temperature and R and again new tau and I,..etc.. until I=0

		Model  foresees 1 heater (acting on 1 or 2 layers) - if 1 heater covers 1 coil (=1pole) the calculation is valid only for 1 pole.

								1=yes, 0=no						magnet/cable data

		INPUT:						quench origin						inner		outer				Tmax(Iits):		inner		outer

		quench detection time		0.01		sec		inner		1		Tc(B)		14.7357580245		6.0998834003		K		coeff 0		18.54		19.535

		heater delay		0.03		sec		outer		0		Length		1		1		m		coeff 1		4.00E-05		2.00E-05

		deltatime		0.001		sec		heater				Bpeak		12		7		T		coeff 2		-5.00E-12		-1.00E-12

		operating current		10850		Amp		inner		1		RRR		100		100				coeff 3		5.00E-19		5.00E-20

		operating temp		4.2		K		outer		1		rhoCu0		0.0000000008		0.0000000005		Ohmm		coeff 4		-1.00E-26		-7.00E-28

		initial temp of quenched turns		10		K						vq long		20		10		m/s

		# of turns quenched by heater		50								cablewidth		0.014		0.014		m

		# of turns quenched spontaneously		1								cableheight		0.0009		0.0009		m

		inductance		0.00533929		H						#strands		60		60

		initial Resistance		0.0115198345		Ohm						stranddia		0.0005		0.0005		m

												Cu/Sc		0.8		0.85

												Atotcable		0.0000126		0.0000126		m^2

												Acucable		0.0000056		0.0000057892		m^2

		EXECUTE FROM SECOND LINE ONLY!!!

				sec		Amp		sec		Amp		A^2sec		MA^2sec		K		K		Ohm		Ohm		Ohm		V/m

				time		curr		tau		dcurr		IIts		MIIts		Tpeakin		Tpeakout		R		Rin		Rout		Vmax		rhoCuin		rhoCuout		rho1in		rho1out		rho2in		rho2out		FactAin		FactAout		Factain		Factaout

				0.04		10850		0.4634866933		-23.4095178067		4708900		4.7089		1.43E+02		9.64E+01		0.0115198345						13.8069563789		0.0000000071		0.0000000036		0.0000000066		0.0000000032		0.0000000068		0.0000000034		1.4348033263		1.4995267519		-1.3908837088		-1.3140091688

				0.041		10826.5904821933		0.0540601669		-200.2692758025		4826368.64373318		4.8263686437		1.46E+02		9.80E+01		0.0987656958		0.0665984401		0.0321672557				0.0000000073		0.0000000037		0.0000000068		0.0000000033		0.000000007		0.0000000036		1.423398547		1.4850026884		-1.4043837332		-1.3312950266

				0.042		10626.3212063908		0.0526453103		-201.847441671		4941425.49871273		4.9414254987		1.48E+02		9.96E+01		0.1014200499		0.0682752989		0.033144751				0.0000000075		0.0000000038		0.000000007		0.0000000034		0.0000000072		0.0000000037		1.4124555903		1.471288345		-1.4173224976		-1.3475996485

				0.043		10424.4737647198		0.0513460491		-203.0238734475		5052209.49094166		5.0522094909		1.51E+02		1.01E+02		0.1039863845		0.0699042418		0.0340821428				0.0000000077		0.0000000039		0.0000000071		0.0000000035		0.0000000074		0.0000000038		1.4021115457		1.4585359681		-1.429539401		-1.3627442737

				0.044		10221.4498912723		0.0501500487		-203.81734714		5158773.03184392		5.1587730318		1.53E+02		1.02E+02		0.1064662973		0.0714862974		0.0349799999				0.0000000078		0.0000000041		0.0000000073		0.0000000036		0.0000000076		0.0000000039		1.3923231278		1.4466666719		-1.441087305		-1.37682515

				0.045		10017.6325441323		0.0490466779		-204.2469127769		5261178.1463007		5.2611781463		1.56E+02		1.04E+02		0.1088613995		0.0730223347		0.0358390648				0.000000008		0.0000000041		0.0000000075		0.0000000037		0.0000000077		0.000000004		1.3830523893		1.4356092875		-1.4520125984		-1.3899291102

				0.046		9813.3856313554		0.0480267242		-204.3317715431		5359495.46676983		5.3594954668		1.58E+02		1.05E+02		0.1111733122		0.0745130984		0.0366602138				0.0000000081		0.0000000042		0.0000000076		0.0000000038		0.0000000079		0.0000000041		1.3742658205		1.4252995211		-1.4623562825		-1.4021345785

				0.047		9609.0538598123		0.0470821639		-204.0911687125		5453803.25571685		5.4538032557		1.60E+02		1.06E+02		0.1134036662		0.075959241		0.0374444251				0.0000000083		0.0000000043		0.0000000078		0.0000000039		0.000000008		0.0000000042		1.3659336095		1.4156792004		-1.4721548611		-1.4135124792

				0.048		9404.9626910998		0.0462059745		-203.5442988274		5544186.46206644		5.5441864621		1.62E+02		1.08E+02		0.1155541043		0.0773613513		0.0381927529				0.0000000084		0.0000000044		0.0000000079		0.000000004		0.0000000082		0.0000000043		1.3580290339		1.4066956028		-1.481441073		-1.42412705

				0.049		9201.4183922724		0.0453919806		-202.7102205977		5630735.81632135		5.6307358163		1.64E+02		1.09E+02		0.1176262841		0.0787199788		0.0389063053				0.0000000086		0.0000000045		0.0000000081		0.0000000041		0.0000000083		0.0000000043		1.3505279621		1.3983008597		-1.4902444926		-1.4340365675

				0.05		8998.7081716747		0.0446347268		-201.6077797909		5713546.96805728		5.7135469681		1.66E+02		1.10E+02		0.1196218815		0.0800356544		0.0395862271				0.0000000087		0.0000000046		0.0000000082		0.0000000042		0.0000000085		0.0000000044		1.3434084428		1.3904514291		-1.498592024		-1.4432939911

				0.051		8797.1003918838		0.0439293736		-200.2555389978		5792719.66866498		5.7927196687		1.68E+02		1.11E+02		0.1215425935		0.0813089081		0.0402336853				0.0000000089		0.0000000047		0.0000000083		0.0000000043		0.0000000086		0.0000000045		1.3366503679		1.3831076302		-1.5065083066		-1.4519475337

				0.052		8596.844852886		0.0432716097		-198.6717136047		5868357.0014595		5.8683570015		1.70E+02		1.12E+02		0.1233901404		0.0825402826		0.0408498579				0.000000009		0.0000000047		0.0000000085		0.0000000043		0.0000000087		0.0000000046		1.3302351969		1.376233232		-1.5140160481		-1.460041166

				0.053		8398.1731392813		0.0426575794		-196.8741136165		5940564.66059802		5.9405646606		1.72E+02		1.13E+02		0.1251662676		0.0837303437		0.0414359239				0.0000000091		0.0000000048		0.0000000086		0.0000000044		0.0000000088		0.0000000046		1.3241457298		1.3697950919		-1.5211362981		-1.4676150619

				0.054		8201.2990256648		0.0420838218		-194.8800911776		6009450.27963672		6.0094502796		1.74E+02		1.14E+02		0.1268727453		0.0848796891		0.0419930561				0.0000000092		0.0000000049		0.0000000087		0.0000000045		0.000000009		0.0000000047		1.3183659218		1.3637628361		-1.527888672		-1.4747059923

				0.055		8006.4189344871		0.0415472192		-192.7064937537		6075122.81000568		6.07512281		1.75E+02		1.14E+02		0.1285113686		0.0859889535		0.0425224151				0.0000000093		0.0000000049		0.0000000088		0.0000000045		0.0000000091		0.0000000048		1.3128807317		1.3581085782		-1.5342915349		-1.481347672

				0.056		7813.7124407335		0.0410449541		-190.3696229899		6137691.94918799		6.1376919492		1.77E+02		1.15E+02		0.1300839559		0.0870588121		0.0430251438				0.0000000094		0.000000005		0.0000000089		0.0000000046		0.0000000092		0.0000000048		1.3076759976		1.3528066707		-1.5403621528		-1.4875710665

				0.057		7623.3428177436		0.0405744723		-187.8851992649		6197267.61795131		6.197267618		1.79E+02		1.16E+02		0.131592346		0.0880899819		0.0435023641				0.0000000095		0.000000005		0.000000009		0.0000000046		0.0000000093		0.0000000049		1.3027383355		1.3478334856		-1.5461168161		-1.4934046636

				0.058		7435.4576184786		0.0401334515		-185.268331933		6253959.4855958		6.2539594856		1.80E+02		1.17E+02		0.1330383956		0.0890832223		0.0439551733				0.0000000096		0.0000000051		0.0000000091		0.0000000047		0.0000000094		0.0000000049		1.2980550564		1.3431672207		-1.5515709413		-1.4988747131

				0.059		7250.1892865456		0.0397197746		-182.5334951975		6307876.54185056		6.3078765419		1.82E+02		1.17E+02		0.1344239753		0.0900393335		0.0443846418				0.0000000097		0.0000000051		0.0000000092		0.0000000047		0.0000000095		0.000000005		1.2936140984		1.3387877274		-1.5567391551		-1.5040054393

				0.06		7067.6557913481		0.0393315066		-179.694509503		6359126.7137692		6.3591267138		1.83E+02		1.18E+02		0.1357509655		0.0909591541		0.0447918114				0.0000000098		0.0000000052		0.0000000093		0.0000000048		0.0000000096		0.000000005		1.2894039711		1.3346763582		-1.5616353632		-1.50881923

				0.061		6887.9612818452		0.038966875		-176.76452827		6407816.52574261		6.4078165257		1.84E+02		1.19E+02		0.1370212519		0.0918435583		0.0451776936				0.0000000099		0.0000000052		0.0000000094		0.0000000048		0.0000000097		0.0000000051		1.2854137097		1.3308158319		-1.5662728079		-1.5133368041

				0.062		6711.1967535752		0.0386242524		-173.756029739		6454050.80056069		6.4540508006		1.85E+02		1.19E+02		0.1382367208		0.092693452		0.0455432688				0.00000001		0.0000000053		0.0000000095		0.0000000049		0.0000000097		0.0000000051		1.2816328373		1.327190112		-1.570664116		-1.5175773606

				0.063		6537.4407238362		0.0383021418		-170.6808136363		6497932.39931266		6.4979323993		1.87E+02		1.20E+02		0.1393992542		0.0935097689		0.0458894853				0.0000000101		0.0000000053		0.0000000096		0.0000000049		0.0000000098		0.0000000052		1.2780513333		1.3237843001		-1.5748213391		-1.5215587121

				0.064		6366.7599101999		0.0379991634		-167.5500023315		6539561.99781352		6.5395619978		1.88E+02		1.20E+02		0.1405107252		0.094293466		0.0462172592				0.0000000102		0.0000000054		0.0000000097		0.000000005		0.0000000099		0.0000000052		1.2746596075		1.3205845389		-1.5787559874		-1.5252974037

				0.065		6199.2099078683		0.0377140434		-164.3740461202		6579037.89718067		6.5790378972		1.89E+02		1.21E+02		0.141572993		0.0950455189		0.046527474				0.0000000102		0.0000000054		0.0000000097		0.000000005		0.00000001		0.0000000052		1.2714484767		1.3175779263		-1.5824790594		-1.5288088198

				0.066		6034.8358617482		0.0374456041		-161.1627322422		6616455.86615394		6.6164558662		1.90E+02		1.21E+02		0.1425878987		0.095766918		0.0468209807				0.0000000103		0.0000000054		0.0000000098		0.000000005		0.00000001		0.0000000053		1.2684091466		1.314752438		-1.5860010673		-1.5321072796

				0.067		5873.6731295059		0.0371927548		-157.9251972309		6651909.01275264		6.6519090128		1.91E+02		1.22E+02		0.143557261		0.0964586631		0.0470985979				0.0000000104		0.0000000055		0.0000000099		0.0000000051		0.0000000101		0.0000000053		1.2655331943		1.3120968576		-1.5893320591		-1.5352061231

				0.068		5715.747932275		0.0369544842		-154.6699421821		6685487.68288945		6.6854876829		1.92E+02		1.22E+02		0.1444828718		0.0971217598		0.047361112				0.0000000104		0.0000000055		0.0000000099		0.0000000051		0.0000000102		0.0000000053		1.2628125537		1.3096007139		-1.592481639		-1.5381177891

				0.069		5561.0779900929		0.0367298536		-151.404850537		6717279.3836103		6.7172793836		1.93E+02		1.22E+02		0.1453664929		0.097757215		0.0476092779				0.0000000105		0.0000000055		0.00000001		0.0000000051		0.0000000102		0.0000000054		1.2602395018		1.3072542237		-1.5954589853		-1.540853885

				0.07		5409.6731395559		0.0365179904		-148.137207981		6747368.72869747		6.7473687287		1.94E+02		1.23E+02		0.1462098528		0.0983660334		0.0478438193				0.0000000106		0.0000000055		0.00000001		0.0000000051		0.0000000103		0.0000000054		1.2578066471		1.3050482406		-1.5982728671		-1.5434252506

				0.071		5261.535931575		0.036318083		-144.8737240773		6775837.40445741		6.7758374045		1.94E+02		1.23E+02		0.1470146429		0.0989492135		0.0480654295				0.0000000106		0.0000000056		0.0000000101		0.0000000052		0.0000000103		0.0000000054		1.2555069172		1.3029742077		-1.6009316601		-1.5458420153

				0.072		5116.6622074977		0.0361293754		-141.6205552753		6802764.15361088		6.8027641536		1.95E+02		1.24E+02		0.147782516		0.0995077444		0.0482747716				0.0000000107		0.0000000056		0.0000000102		0.0000000052		0.0000000104		0.0000000054		1.253333549		1.3010241154		-1.6034433608		-1.548113651

				0.073		4975.0416522224		0.0359511633		-138.3833289562		6828224.77530895		6.8282247753		1.96E+02		1.24E+02		0.1485150831		0.100042603		0.0484724801				0.0000000107		0.0000000056		0.0000000102		0.0000000052		0.0000000104		0.0000000055		1.2512800774		1.299190462		-1.6058156008		-1.5502490196

				0.074		4836.6583232662		0.0357827895		-135.1671682077		6852292.1394112		6.8522921394		1.97E+02		1.24E+02		0.149213912		0.1005547514		0.0486591607				0.0000000108		0.0000000056		0.0000000103		0.0000000052		0.0000000105		0.0000000055		1.2493403263		1.2974662182		-1.6080556601		-1.5522564168

				0.075		4701.4911550585		0.0356236407		-131.9767170451		6875036.21327892		6.8750362133		1.97E+02		1.24E+02		0.1498805256		0.1010451339		0.0488353918				0.0000000108		0.0000000057		0.0000000103		0.0000000053		0.0000000105		0.0000000055		1.2475083982		1.2958447947		-1.6101704798		-1.5541436116

				0.076		4569.5144380134		0.0354731443		-128.8161658263		6896524.09945561		6.8965240995		1.98E+02		1.25E+02		0.1505164007		0.1015146757		0.049001725				0.0000000108		0.0000000057		0.0000000103		0.0000000053		0.0000000106		0.0000000055		1.245778665		1.2943200119		-1.612166675		-1.5559178837

				0.077		4440.6982721871		0.0353307648		-125.6892766373		6916820.08272637		6.9168200827		1.99E+02		1.25E+02		0.1511229669		0.1019642806		0.0491586862				0.0000000109		0.0000000057		0.0000000104		0.0000000053		0.0000000106		0.0000000055		1.2441457588		1.2928860723		-1.6140505467		-1.5575860561

				0.078		4315.0089955498		0.0351960018		-122.5994084513		6935985.68516595		6.9359856852		1.99E+02		1.25E+02		0.1517016062		0.1023948299		0.0493067763				0.0000000109		0.0000000057		0.0000000104		0.0000000053		0.0000000107		0.0000000056		1.2426045626		1.2915375355		-1.6158280938		-1.5591545269

				0.079		4192.4095870985		0.0350683869		-119.5495418942		6954079.72790105		6.9540797279		2.00E+02		1.25E+02		0.1522536528		0.1028071806		0.0494464721				0.000000011		0.0000000057		0.0000000105		0.0000000053		0.0000000107		0.0000000056		1.2411502013		1.2902692942		-1.617505025		-1.5606292975

				0.08		4072.8600452043		0.0349474819		-116.5423034725		6971158.39842471		6.9711583984		2.00E+02		1.26E+02		0.1527803923		0.1032021651		0.0495782272				0.000000011		0.0000000057		0.0000000105		0.0000000053		0.0000000107		0.0000000056		1.2397780329		1.2890765528		-1.6190867697		-1.5620159987

				0.081		3956.3177417318		0.0348328766		-113.579989144		6987275.32240827		6.9872753224		2.01E+02		1.26E+02		0.1532830626		0.1035805897		0.0497024729				0.000000011		0.0000000058		0.0000000105		0.0000000054		0.0000000108		0.0000000056		1.2384836398		1.2879548072		-1.6205784897		-1.5633199152

				0.082		3842.7377525878		0.0347241864		-110.6645871363		7002481.63905914		7.0024816391		2.01E+02		1.26E+02		0.1537628539		0.1039432348		0.049819619				0.000000011		0.0000000058		0.0000000105		0.0000000054		0.0000000108		0.0000000056		1.2372628198		1.2868998262		-1.6219850895		-1.5645460083

				0.083		3732.0731654515		0.0346210513		-107.7977999346		7016826.07917015		7.0168260792		2.02E+02		1.26E+02		0.1542209088		0.1042908538		0.0499300549				0.0000000111		0.0000000058		0.0000000106		0.0000000054		0.0000000108		0.0000000056		1.2361115781		1.2859076343		-1.6233112276		-1.5656989365

				0.084		3624.2753655169		0.0345231338		-104.981065381		7030355.04509742		7.0303550451		2.02E+02		1.26E+02		0.1546583237		0.1046241736		0.0500341501				0.0000000111		0.0000000058		0.0000000106		0.0000000054		0.0000000108		0.0000000056		1.2350261189		1.2849744953		-1.6245613264		-1.5667830749

				0.085		3519.2943001359		0.0344301173		-102.215576844		7043112.69198943		7.043112692		2.02E+02		1.27E+02		0.155076149		0.1049438938		0.0501322553				0.0000000111		0.0000000058		0.0000000106		0.0000000054		0.0000000109		0.0000000057		1.2340028367		1.2840968977		-1.6257395826		-1.5678025333

				0.086		3417.0787232919		0.0343417051		-99.5023024292		7055141.00966946		7.0551410097		2.03E+02		1.27E+02		0.1554753903		0.1052506874		0.0502247029				0.0000000112		0.0000000058		0.0000000107		0.0000000054		0.0000000109		0.0000000057		1.2330383092		1.2832715404		-1.6268499769		-1.5687611731

				0.087		3317.5764208628		0.0342576187		-96.842003217		7066479.90464714		7.0664799046		2.03E+02		1.27E+02		0.1558570094		0.1055452009		0.0503118085				0.0000000112		0.0000000058		0.0000000107		0.0000000054		0.0000000109		0.0000000057		1.2321292886		1.2824953201		-1.6278962837		-1.5696626225

				0.088		3220.7344176458		0.034177597		-94.2352505228		7077167.28180237		7.0771672818		2.03E+02		1.27E+02		0.156221925		0.1058280544		0.0503938706				0.0000000112		0.0000000058		0.0000000107		0.0000000054		0.0000000109		0.0000000057		1.2312726947		1.2817653187		-1.6288820804		-1.5705102911

				0.089		3126.499167123		0.0341013949		-91.6824421853		7087239.12534728		7.0872391253		2.04E+02		1.27E+02		0.1565710146		0.1060998421		0.0504711725				0.0000000112		0.0000000058		0.0000000107		0.0000000054		0.000000011		0.0000000057		1.2304656071		1.2810787923		-1.6298107562		-1.571307384

				0.09		3034.8167249377		0.0340287823		-89.1838178944		7096729.57872772		7.0967295787		2.04E+02		1.27E+02		0.1569051149		0.1063611328		0.0505439821				0.0000000112		0.0000000059		0.0000000107		0.0000000055		0.000000011		0.0000000057		1.2297052579		1.2804331603		-1.6306855212		-1.5720569137

				0.091		2945.6329070433		0.0339595433		-86.7394735807		7105671.02317788		7.1056710232		2.04E+02		1.27E+02		0.1572250238		0.1066124706		0.0506125532				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.000000011		0.0000000057		1.2289890253		1.2798259959		-1.6315094145		-1.5727617123

				0.092		2858.8934334625		0.0338934751		-84.3493748887		7114094.15468729		7.1140941547		2.04E+02		1.27E+02		0.157531501		0.1068543752		0.0506771258				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.000000011		0.0000000057		1.228314426		1.2792550163		-1.6322853128		-1.5734244426

				0.093		2774.5440585738		0.0338303872		-82.0133697645		7122028.05918146		7.1220280592		2.05E+02		1.28E+02		0.15782527		0.1070873428		0.0507379271				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.000000011		0.0000000057		1.2276791093		1.2787180745		-1.6330159376		-1.5740476081

				0.094		2692.5306888093		0.0337701011		-79.7312001892		7129500.28575483		7.1295002858		2.05E+02		1.28E+02		0.1581070187		0.1073118467		0.050795172				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.000000011		0.0000000057		1.2270808507		1.2782131508		-1.6337038632		-1.5746335632

				0.095		2612.7994886201		0.0337124486		-77.5025130939		7136536.91782771		7.1365369178		2.05E+02		1.28E+02		0.1583774013		0.1075283379		0.0508490634				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.0000000111		0.0000000057		1.2265175455		1.2777383452		-1.6343515241		-1.5751845217

				0.096		2535.2969755263		0.0336572721		-75.3268704913		7143162.64212875		7.1431626421		2.05E+02		1.28E+02		0.1586370395		0.107737246		0.0508997935				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.0000000111		0.0000000057		1.225987203		1.2772918704		-1.6349612215		-1.5757025656

				0.097		2459.9701050349		0.0336044234		-73.2037588623		7149400.81543029		7.1494008154		2.06E+02		1.28E+02		0.1588865234		0.10793898		0.0509475434				0.0000000113		0.0000000059		0.0000000108		0.0000000055		0.0000000111		0.0000000057		1.2254879413		1.2768720449		-1.6355351303		-1.5761896531

				0.098		2386.7663461726		0.0335537632		-71.1325978355		7155273.52898715		7.155273529		2.06E+02		1.28E+02		0.1591264134		0.1081339287		0.0509924847				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000111		0.0000000058		1.2250179813		1.2764772868		-1.6360753057		-1.5766476257

				0.099		2315.6337483371		0.0335051609		-69.1127481973		7160801.67064937		7.1608016706		2.06E+02		1.28E+02		0.159357241		0.1083224619		0.0510347791				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000111		0.0000000058		1.2245756417		1.276106108		-1.6365836889		-1.5770782156

				0.1		2246.5210001398		0.0334584935		-67.1435192712		7166004.98463663		7.1660049846		2.06E+02		1.28E+02		0.1595795103		0.1085049307		0.0510745796				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000111		0.0000000058		1.2241593342		1.2757571083		-1.6370621134		-1.5774830519

				0.101		2179.3774808686		0.0334136454		-65.2241757028		7170902.12897768		7.170902129		2.06E+02		1.28E+02		0.159793699		0.1086816686		0.0511120303				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000111		0.0000000058		1.2237675587		1.2754289702		-1.6375123101		-1.5778636672

				0.102		2114.1533051658		0.0333705083		-63.3539436868		7175510.73063033		7.1755107306		2.06E+02		1.28E+02		0.1600002598		0.1088529922		0.0511472676				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000111		0.0000000058		1.2233988983		1.2751204545		-1.6379359135		-1.5782215029

				0.103		2050.799361479		0.0333289801		-61.5320166723		7179847.43830918		7.1798474383		2.06E+02		1.28E+02		0.1601996214		0.1090192016		0.0511804198				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2230520155		1.2748303951		-1.6383344658		-1.5785579148

				0.104		1989.2673448066		0.033288965		-59.7575605794		7183927.97305699		7.1839279731		2.07E+02		1.28E+02		0.1603921898		0.1091805815		0.0512116083				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2227256477		1.274557695		-1.6387094226		-1.5788741785

				0.105		1929.5097842273		0.0332503729		-58.0297185599		7187767.17660375		7.1877671766		2.07E+02		1.28E+02		0.1605783492		0.1093374017		0.0512409475				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2224186035		1.2743013218		-1.6390621572		-1.5791714937

				0.106		1871.4800656673		0.0332131192		-56.3476153351		7191379.0575635		7.1913790576		2.07E+02		1.28E+02		0.1607584631		0.1094899178		0.0512685453				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2221297585		1.2740603046		-1.6393939651		-1.5794509889

				0.107		1815.1324503323		0.0331771243		-54.7103611374		7194776.83552428		7.1947768355		2.07E+02		1.28E+02		0.1609328752		0.1096383717		0.0512945035				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2218580521		1.2738337296		-1.639706068		-1.5797137258

				0.108		1760.4220891949		0.0331423133		-53.1170552879		7197972.98309056		7.1979729831		2.07E+02		1.28E+02		0.1611019107		0.1097829927		0.0513189179				0.0000000114		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.221602484		1.2736207373		-1.6399996182		-1.5799607031

				0.109		1707.3050339069		0.0331086161		-51.566789434		7200979.26594064		7.2009792659		2.07E+02		1.28E+02		0.1612658767		0.1099239976		0.0513418791				0.0000000115		0.0000000059		0.0000000109		0.0000000055		0.0000000112		0.0000000058		1.2213621106		1.273420519		-1.640275702		-1.58019286

				0.11		1655.7382444729		0.0330759665		-50.058650473		7203806.7809637		7.203806781		2.07E+02		1.29E+02		0.1614250639		0.1100615915		0.0513634724				0.0000000115		0.0000000059		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2211360423		1.2732323138		-1.6405353436		-1.5804110803

				0.111		1605.6795939999		0.0330443024		-48.591723187		7206465.99254298		7.2064659925		2.07E+02		1.29E+02		0.1615797465		0.1101959684		0.0513837781				0.0000000115		0.0000000059		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2209234404		1.2730554059		-1.6407795085		-1.5806161953

				0.112		1557.0878708129		0.0330135654		-47.16509261		7208966.7670521		7.2089667671		2.07E+02		1.29E+02		0.1617301837		0.1103273117		0.0514028719				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2207235142		1.2728891219		-1.6410091065		-1.5808089868

				0.113		1509.9227782029		0.0329837007		-45.7778461484		7211318.40563239		7.2113184056		2.07E+02		1.29E+02		0.1618766202		0.1104557949		0.0514208254				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2205355186		1.2727328283		-1.641224995		-1.5809901904

				0.114		1464.1449320545		0.0329546568		-44.4290754761		7213529.67531869		7.2135296753		2.08E+02		1.29E+02		0.1620192873		0.1105815817		0.0514377056				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2203587513		1.2725859292		-1.641427982		-1.5811604979

				0.115		1419.7158565784		0.032926385		-43.1178782206		7215608.83858075		7.2156088386		2.08E+02		1.29E+02		0.162158403		0.1107048271		0.0514535759				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2201925505		1.2724478638		-1.6416188288		-1.5813205601

				0.116		1376.5979783578		0.0328988398		-41.8433594583		7217563.68134661		7.2175636813		2.08E+02		1.29E+02		0.1622941732		0.1108256771		0.0514684961				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2200362927		1.2723181047		-1.6417982523		-1.5814709892

				0.117		1334.7546188994		0.0328719784		-40.6046330356		7219401.53957327		7.2194015396		2.08E+02		1.29E+02		0.1624267922		0.1109442698		0.0514825224				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2198893907		1.2721961559		-1.6419669281		-1.5816123609

				0.118		1294.1499858638		0.0328457605		-39.4008227287		7221129.32442851		7.2211293244		2.08E+02		1.29E+02		0.1625564433		0.1110607357		0.0514957076				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.219751291		1.2720815506		-1.6421254924		-1.5817452168

				0.119		1254.7491631351		0.0328201482		-38.2310632586		7222753.54614645		7.2227535461		2.08E+02		1.29E+02		0.1626832994		0.1111751977		0.0515081017				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2196214727		1.2719738497		-1.6422745442		-1.5818700664

				0.12		1216.5180998765		0.0327951061		-37.094501171		7224280.33661776		7.2242803366		2.08E+02		1.29E+02		0.1628075235		0.111287772		0.0515197515				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2194994449		1.2718726405		-1.6424146478		-1.5819873886

				0.121		1179.4235987054		0.0327706005		-35.9902955957		7225715.47077351		7.2257154708		2.08E+02		1.29E+02		0.1629292695		0.1113985682		0.0515307013				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2193847456		1.2717775344		-1.6425463343		-1.5820976342

				0.122		1143.4333031097		0.0327466001		-34.9176188945		7227064.38682009		7.2270643868		2.08E+02		1.29E+02		0.1630486823		0.1115076896		0.0515409927				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000112		0.0000000058		1.2192769395		1.2716881661		-1.6426701039		-1.5822012271

				0.123		1108.5156842152		0.0327230754		-33.8756572085		7228332.20538047		7.2283322054		2.08E+02		1.29E+02		0.1631658986		0.1116152337		0.0515506649				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2191756169		1.271604192		-1.6427864276		-1.5822985657

				0.124		1074.6400270067		0.0326999985		-32.8636109144		7229523.74759533		7.2295237476		2.08E+02		1.29E+02		0.1632810473		0.1117212926		0.0515597547				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2190803922		1.2715252889		-1.6428957484		-1.5823900249

				0.125		1041.7764160924		0.0326773433		-31.8806949975		7230643.55223548		7.2306435522		2.08E+02		1.29E+02		0.1633942498		0.1118259529		0.0515682969				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2189909023		1.2714511528		-1.6429984837		-1.5824759575

				0.126		1009.8957210949		0.0326550854		-30.9261393499		7231695.89187511		7.2316958919		2.08E+02		1.29E+02		0.1635056206		0.1119292965		0.051576324				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2189068054		1.2713814979		-1.6430950261		-1.5825566948

				0.127		978.969581745		0.0326332016		-29.9991890009		7232684.78817332		7.2326847882		2.08E+02		1.29E+02		0.1636152673		0.1120314004		0.051583867				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2188277799		1.2713160553		-1.6431857452		-1.5826325488

				0.128		948.9703927441		0.0326116702		-29.0991042868		7233614.02630963		7.2336140263		2.08E+02		1.29E+02		0.1637232918		0.1121323373		0.0515909545				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.218753523		1.2712545721		-1.6432709887		-1.5827038127

				0.129		919.8712884574		0.0325904709		-28.2251609651		7234487.16861698		7.2344871686		2.08E+02		1.29E+02		0.1638297896		0.1122321756		0.051597614				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2186837498		1.2711968106		-1.643351084		-1.5827707621

				0.13		891.6461274922		0.0325695846		-27.3766502803		7235307.56745405		7.2353075675		2.08E+02		1.29E+02		0.163934851		0.11233098		0.051603871				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2186181923		1.2711425472		-1.6434263389		-1.5828336565

				0.131		864.2694772119		0.0325489932		-26.5528789843		7236078.37735676		7.2360783774		2.08E+02		1.29E+02		0.1640385609		0.1124288112		0.0516097496				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2185565982		1.2710915716		-1.6434970433		-1.5828927395

				0.132		837.7165982276		0.0325286798		-25.7531693186		7236802.56650701		7.2368025665		2.08E+02		1.29E+02		0.1641409991		0.1125257266		0.0516152725				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2184987303		1.2710436861		-1.6435634696		-1.5829482406

				0.133		811.963428909		0.0325086285		-24.9768589606		7237482.92755499		7.2374829276		2.08E+02		1.29E+02		0.1642422411		0.1126217801		0.051620461				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2184443651		1.2709987047		-1.6436258744		-1.5830003752

				0.134		786.9865699484		0.0324888244		-24.2233009388		7238122.0878297		7.2381220878		2.08E+02		1.29E+02		0.1643423578		0.1127170226		0.0516253352				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2183932927		1.2709564527		-1.6436844989		-1.5830493461

				0.135		762.7632690096		0.0324692534		-23.4918635203		7238722.51897054		7.238722519		2.08E+02		1.29E+02		0.1644414159		0.1128115021		0.0516299139				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2183453154		1.2709167656		-1.64373957		-1.5830953438

				0.136		739.2714054894		0.0324499023		-22.781930074		7239286.54601139		7.239286546		2.08E+02		1.29E+02		0.1645394784		0.1129052635		0.0516342149				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2183002474		1.270879489		-1.6437913012		-1.5831385475

				0.137		716.4894754154		0.0324307588		-22.0928989125		7239816.35594698		7.2398163559		2.08E+02		1.29E+02		0.1646366043		0.1129983494		0.0516382548				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2182579139		1.2708444775		-1.6438398932		-1.5831791257

				0.138		694.3965765029		0.0324118111		-21.4241831149		7240314.00580985		7.2403140058		2.08E+02		1.29E+02		0.1647328494		0.1130907999		0.0516420495				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2182181504		1.2708115945		-1.6438855349		-1.5832172367

				0.139		672.972393388		0.0323930484		-20.7752103339		7240781.43028481		7.2407814303		2.08E+02		1.29E+02		0.1648282662		0.1131826525		0.0516456136				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2181808023		1.2707807116		-1.6439284038		-1.5832530295

				0.14		652.1971830541		0.0323744603		-20.1454225882		7241220.44888639		7.2412204489		2.08E+02		1.29E+02		0.1649229039		0.1132739428		0.0516489611				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2181457241		1.270751708		-1.643968667		-1.583286644

				0.141		632.0517604659		0.0323560371		-19.5342760434		7241632.77272363		7.2416327727		2.08E+02		1.29E+02		0.1650168092		0.1133647042		0.051652105				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2181127791		1.2707244702		-1.6440064814		-1.5833182117

				0.142		612.5174844225		0.0323377698		-18.941240783		7242020.01087496		7.2420200109		2.08E+02		1.29E+02		0.1651100255		0.113454968		0.0516550575				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2180818387		1.2706988915		-1.6440419947		-1.5833478565

				0.143		593.5762436395		0.0323196499		-18.36580057		7242383.67639517		7.2423836764		2.08E+02		1.29E+02		0.1652025942		0.1135447639		0.0516578303				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2180527819		1.2706748717		-1.6440753458		-1.5833756946

				0.144		575.2104430695		0.0323016692		-17.8074526024		7242725.19197493		7.242725192		2.08E+02		1.29E+02		0.1652945539		0.1136341198		0.0516604342				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2180254951		1.2706523164		-1.6441066652		-1.5834018352

				0.145		557.4029904671		0.0322838203		-17.2657072628		7243045.89527239		7.2430458953		2.08E+02		1.29E+02		0.1653859411		0.1137230617		0.0516628793				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2179998712		1.270631137		-1.6441360757		-1.5834263811

				0.146		540.1372832043		0.0322660961		-16.7400878632		7243347.04393547		7.2433470439		2.08E+02		1.29E+02		0.1654767899		0.1138116145		0.0516651754				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2179758099		1.2706112501		-1.6441636926		-1.5834494289

				0.147		523.3971953411		0.0322484899		-16.2301303871		7243629.82033223		7.2436298203		2.08E+02		1.29E+02		0.1655671327		0.1138998014		0.0516673313				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2179532166		1.2705925776		-1.6441896244		-1.5834710693

				0.148		507.167064954		0.0322309954		-15.735383229		7243895.33600588		7.243895336		2.08E+02		1.29E+02		0.1656569997		0.1139876441		0.0516693556				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2179320025		1.2705750458		-1.6442139731		-1.5834913877

				0.149		491.431681725		0.0322136069		-15.2554069322		7244144.6358701		7.2441446359		2.08E+02		1.29E+02		0.1657464195		0.1140751633		0.0516712562				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2179120841		1.2705585855		-1.6442368346		-1.5835104641

				0.15		476.1762747928		0.0321963187		-14.7897739265		7244378.70215948		7.2443787022		2.08E+02		1.29E+02		0.165835419		0.1141623782		0.0516730407				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178933829		1.2705431317		-1.644258299		-1.583528374

				0.151		461.3865008663		0.0321791257		-14.3380682656		7244598.45814906		7.2445984581		2.08E+02		1.29E+02		0.1659240233		0.1142493072		0.0516747161				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178758251		1.2705286234		-1.644278451		-1.5835451881

				0.152		447.0484326007		0.032162023		-13.8998853651		7244804.77165614		7.2448047717		2.08E+02		1.29E+02		0.1660122562		0.1143359672		0.051676289				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178593414		1.2705150032		-1.6442973701		-1.583560973

				0.153		433.1485472356		0.032145006		-13.4748317421		7244998.45833697		7.2449984583		2.08E+02		1.29E+02		0.1661001401		0.1144223745		0.0516777656				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178438665		1.270502217		-1.6443151312		-1.5835757913

				0.154		419.6737154935		0.0321280704		-13.0625247562		7245180.28478992		7.2451802848		2.08E+02		1.29E+02		0.1661876959		0.1145085441		0.0516791518				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178293393		1.2704902142		-1.6443318046		-1.5835897016

				0.155		406.6111907374		0.0321112123		-12.6625923529		7245350.97147649		7.2453509715		2.08E+02		1.29E+02		0.1662749434		0.1145944904		0.051680453				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2178157022		1.2704789471		-1.6443474564		-1.5836027592

				0.156		393.9485983845		0.0320944276		-12.2746728095		7245511.19547048		7.2455111955		2.08E+02		1.29E+02		0.1663619012		0.1146802266		0.0516816745				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217802901		1.2704683711		-1.6443621488		-1.583615016

				0.157		381.673925575		0.0320777131		-11.8984144837		7245661.5930454		7.245661593		2.09E+02		1.29E+02		0.1664485866		0.1147657656		0.0516828211				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177908849		1.2704584439		-1.64437594		-1.5836265208

				0.158		369.7755110913		0.0320610651		-11.5334755656		7245802.76210936		7.2458027621		2.09E+02		1.29E+02		0.1665350163		0.114851119		0.0516838973				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177796062		1.2704491262		-1.6443888848		-1.5836373193

				0.159		358.2420355257		0.0320444807		-11.1795238333		7245935.26449641		7.2459352645		2.09E+02		1.29E+02		0.1666212055		0.1149362981		0.0516849074				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177690199		1.2704403807		-1.644401035		-1.5836474545

				0.16		347.0625116923		0.0320279568		-10.8362364115		7246059.62812249		7.2460596281		2.09E+02		1.29E+02		0.1667071688		0.1150213133		0.0516858554				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177590839		1.2704321726		-1.6444124387		-1.583656967

				0.161		336.2262752808		0.0320114907		-10.5032995345		7246176.34901409		7.246176349		2.09E+02		1.29E+02		0.1667929198		0.1151061746		0.0516867452				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177497585		1.2704244691		-1.6444231417		-1.5836658946

				0.162		325.7229757463		0.0319950797		-10.1804083131		7246285.89321682		7.2462858932		2.09E+02		1.29E+02		0.1668784714		0.1151908911		0.0516875803				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177410065		1.2704172394		-1.6444331865		-1.5836742732

				0.163		315.5425674332		0.0319787215		-9.8672665054		7246388.69859104		7.2463886986		2.09E+02		1.29E+02		0.1669638357		0.1152754716		0.051688364				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177327929		1.2704104546		-1.6444426133		-1.5836821361

				0.164		305.6753009278		0.0319624136		-9.563586292		7246485.17650103		7.2464851765		2.09E+02		1.29E+02		0.1670490239		0.1153599244		0.0516890995				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177250849		1.2704040875		-1.6444514599		-1.5836895149

				0.165		296.1117146358		0.031946154		-9.2690880552		7246575.71340406		7.2465757134		2.09E+02		1.29E+02		0.1671340468		0.1154442571		0.0516897897				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177178515		1.2703981126		-1.6444597617		-1.5836964393

				0.166		286.8426265806		0.0319299406		-8.9835001628		7246660.67234505		7.2466606723		2.09E+02		1.29E+02		0.1672189143		0.1155284769		0.0516904374				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177110638		1.2703925059		-1.6444675521		-1.5837029369

				0.167		277.8591264178		0.0319137715		-8.7065587566		7246740.3943625		7.2467403944		2.09E+02		1.29E+02		0.1673036358		0.1156125908		0.0516910451				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2177046945		1.2703872449		-1.6444748622		-1.5837090339

				0.168		269.1525676612		0.0318976448		-8.4380075442		7246815.19981087		7.2468151998		2.09E+02		1.29E+02		0.1673882203		0.115696605		0.0516916153				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217698718		1.2703823085		-1.6444817214		-1.5837147548

				0.169		260.714560117		0.031881559		-8.1775975968		7246885.38960414		7.2468853896		2.09E+02		1.29E+02		0.1674726761		0.1157805257		0.0516921504				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176931103		1.2703776766		-1.6444881574		-1.5837201226

				0.17		252.5369625202		0.0318655124		-7.9250871499		7246951.24638552		7.2469512464		2.09E+02		1.29E+02		0.1675570108		0.1158643584		0.0516926524				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176878488		1.2703733308		-1.6444941961		-1.583725159

				0.171		244.6118753703		0.0318495035		-7.6802414097		7247013.03562727		7.2470130356		2.09E+02		1.29E+02		0.167641232		0.1159481086		0.0516931235				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176829122		1.2703692534		-1.6444998618		-1.5837298842

				0.172		236.9316339606		0.0318335309		-7.442832363		7247071.00666512		7.2470710067		2.09E+02		1.29E+02		0.1677253465		0.1160317811		0.0516935654				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176782807		1.2703654281		-1.6445051774		-1.5837343174

				0.173		229.4888015977		0.0318175933		-7.2126385918		7247125.39367079		7.2471253937		2.09E+02		1.29E+02		0.1678093608		0.1161153808		0.05169398				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176739355		1.2703618393		-1.6445101644		-1.5837384765

				0.174		222.2761630059		0.0318016896		-6.9894450927		7247176.4165666		7.2471764166		2.09E+02		1.29E+02		0.167893281		0.1161989121		0.0516943689				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176698591		1.2703584725		-1.6445148429		-1.5837423783

				0.175		215.2867179131		0.0317858184		-6.7730430998		7247224.28188529		7.2472242819		2.09E+02		1.29E+02		0.1679771128		0.116282379		0.0516947338				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217666035		1.270355314		-1.6445192318		-1.5837460385

				0.176		208.5136748133		0.0317699787		-6.563229912		7247269.18357851		7.2472691836		2.09E+02		1.29E+02		0.1680608616		0.1163657855		0.0516950761				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176624477		1.2703523512		-1.644523349		-1.5837494721

				0.177		201.9504449013		0.0317541696		-6.3598087256		7247311.3037769		7.2473113038		2.09E+02		1.29E+02		0.1681445324		0.1164491353		0.0516953972				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176590826		1.2703495719		-1.6445272111		-1.583752693

				0.178		195.5906361757		0.03173839		-6.1625884693		7247350.81350469		7.2473508135		2.09E+02		1.29E+02		0.1682281301		0.1165324318		0.0516956983				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217655926		1.2703469649		-1.6445308339		-1.5837557143

				0.179		189.4280477064		0.031722639		-5.9713836446		7247387.87335143		7.2473878734		2.09E+02		1.29E+02		0.168311659		0.1166156782		0.0516959808				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176529652		1.2703445196		-1.644534232		-1.5837585482

				0.18		183.4566640618		0.0317069158		-5.7860141698		7247422.63410349		7.2474226341		2.09E+02		1.29E+02		0.1683951235		0.1166988776		0.0516962458				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217650188		1.270342226		-1.6445374193		-1.5837612062

				0.181		177.670649892		0.0316912196		-5.6063052279		7247455.23733771		7.2474552373		2.09E+02		1.29E+02		0.1684785273		0.116782033		0.0516964944				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176475833		1.2703400747		-1.6445404088		-1.5837636993

				0.182		172.0643446641		0.0316755495		-5.4320871185		7247485.81597932		7.247485816		2.09E+02		1.29E+02		0.1685618743		0.1168651468		0.0516967275				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176451402		1.2703380571		-1.6445432127		-1.5837660375

				0.183		166.6322575456		0.031659905		-5.2631951134		7247514.49482641		7.2475144948		2.09E+02		1.29E+02		0.1686451678		0.1169482217		0.0516969461				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217642849		1.2703361648		-1.6445458423		-1.5837682304

				0.184		161.3690624322		0.0316442854		-5.0994693161		7247541.39104288		7.247541391		2.09E+02		1.29E+02		0.1687284112		0.1170312601		0.0516971511				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176407002		1.2703343902		-1.6445483085		-1.5837702871

				0.185		156.2695931161		0.03162869		-4.9407545248		7247566.61462176		7.2475666146		2.09E+02		1.29E+02		0.1688116076		0.1171142642		0.0516973434				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217638685		1.2703327259		-1.6445506213		-1.5837722158

				0.186		151.3288385914		0.0316131182		-4.7869000991		7247590.26882056		7.2475902688		2.09E+02		1.29E+02		0.1688947597		0.117197236		0.0516975237				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176367952		1.2703311652		-1.6445527902		-1.5837740245

				0.187		146.5419384922		0.0315975695		-4.6377598307		7247612.45057052		7.2476124506		2.09E+02		1.29E+02		0.1689778704		0.1172801776		0.0516976928				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176350231		1.2703297016		-1.6445548241		-1.5837757206

				0.188		141.9041786616		0.0315820433		-4.493191816		7247633.25086114		7.2476332509		2.09E+02		1.29E+02		0.1690609421		0.1173630908		0.0516978513				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176333613		1.2703283292		-1.6445567313		-1.583777311

				0.189		137.4109868455		0.0315665393		-4.3530583345		7247652.75510156		7.2476527551		2.09E+02		1.29E+02		0.1691439773		0.1174459772		0.051698				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217631803		1.2703270423		-1.6445585197		-1.5837788024

				0.19		133.057928511		0.0315510568		-4.2172257281		7247671.04346011		7.2476710435		2.09E+02		1.29E+02		0.1692269781		0.1175288387		0.0516981394				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176303419		1.2703258357		-1.6445601966		-1.5837802008

				0.191		128.8407027829		0.0315355955		-4.0855642851		7247688.19118338		7.2476881912		2.09E+02		1.29E+02		0.1693099468		0.1176116766		0.0516982701				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176289719		1.2703247043		-1.6445617689		-1.583781512

				0.192		124.7551384978		0.031520155		-3.9579481272		7247704.26889605		7.2477042689		2.09E+02		1.29E+02		0.1693928852		0.1176944925		0.0516983927				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176276874		1.2703236435		-1.6445632431		-1.5837827413

				0.193		120.7971903707		0.0315047349		-3.8342550987		7247719.34288261		7.2477193429		2.09E+02		1.29E+02		0.1694757953		0.1177772877		0.0516985076				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176264831		1.2703226489		-1.6445646253		-1.5837838939

				0.194		116.962935272		0.0314893348		-3.71436666		7247733.47535194		7.2477334754		2.09E+02		1.29E+02		0.1695586787		0.1178600634		0.0516986153				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176253541		1.2703217165		-1.6445659211		-1.5837849745

				0.195		113.248568612		0.0314739544		-3.598167783		7247746.72468607		7.2477467247		2.09E+02		1.29E+02		0.1696415372		0.1179428208		0.0516987163				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176242955		1.2703208423		-1.644567136		-1.5837859876

				0.196		109.6504008291		0.0314585933		-3.4855468497		7247759.14567372		7.2477591457		2.09E+02		1.29E+02		0.1697243722		0.1180255612		0.051698811				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176233032		1.2703200228		-1.6445682749		-1.5837869373

				0.197		106.1648539793		0.0314432513		-3.3763955542		7247770.78972977		7.2477707897		2.09E+02		1.29E+02		0.1698071852		0.1181082854		0.0516988998				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176223729		1.2703192545		-1.6445693425		-1.5837878276

				0.198		102.7884584252		0.0314279281		-3.2706088058		7247781.70510146		7.2477817051		2.09E+02		1.29E+02		0.1698899775		0.1181909945		0.051698983				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176215009		1.2703185343		-1.6445703434		-1.5837886622

				0.199		99.5178496193		0.0314126234		-3.1680846372		7247791.93706203		7.2477919371		2.09E+02		1.29E+02		0.1699727505		0.1182736895		0.051699061				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176206834		1.2703178593		-1.6445712816		-1.5837894446

				0.2		96.3497649822		0.031397337		-3.0687241126		7247801.52809264		7.2478015281		2.09E+02		1.29E+02		0.1700555053		0.1183563712		0.0516991341				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176199172		1.2703172265		-1.644572161		-1.5837901779

				0.201		93.2810408696		0.0313820685		-2.9724312406		7247810.51805327		7.2478105181		2.09E+02		1.29E+02		0.170138243		0.1184390404		0.0516992026				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176191989		1.2703166333		-1.6445729853		-1.5837908653

				0.202		90.308609629		0.0313668179		-2.8791128883		7247818.94434322		7.2478189443		2.09E+02		1.29E+02		0.1702209647		0.1185216979		0.0516992668				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176185257		1.2703160774		-1.6445737579		-1.5837915096

				0.203		87.4294967407		0.0313515848		-2.7886786979		7247826.84205183		7.2478268421		2.09E+02		1.29E+02		0.1703036714		0.1186043444		0.0516993271				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176178948		1.2703155563		-1.6445744821		-1.5837921134

				0.204		84.6408180427		0.0313363691		-2.7010410063		7247834.24410014		7.2478342441		2.09E+02		1.29E+02		0.170386364		0.1186869805		0.0516993835				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176173034		1.2703150679		-1.6445751608		-1.5837926794

				0.205		81.9397770364		0.0313211707		-2.616114766		7247841.1813738		7.2478411814		2.09E+02		1.29E+02		0.1704690434		0.1187696071		0.0516994364				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176167492		1.2703146102		-1.6445757969		-1.5837932098

				0.206		79.3236622705		0.0313059892		-2.5338174692		7247847.68284802		7.2478476828		2.09E+02		1.29E+02		0.1705517104		0.1188522245		0.0516994859				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176162297		1.2703141813		-1.644576393		-1.5837937069

				0.207		76.7898448012		0.0312908245		-2.4540690735		7247853.77570479		7.2478537757		2.09E+02		1.29E+02		0.1706343657		0.1189348334		0.0516995324				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217615743		1.2703137793		-1.6445769517		-1.5837941728

				0.208		74.3357757277		0.0312756766		-2.3767919296		7247859.48544309		7.2478594854		2.09E+02		1.29E+02		0.1707170102		0.1190174343		0.0516995759				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176152868		1.2703134026		-1.6445774752		-1.5837946093

				0.209		71.9589837981		0.0312605452		-2.3019107114		7247864.83598225		7.247864836		2.09E+02		1.29E+02		0.1707996444		0.1191000277		0.0516996167				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176148593		1.2703130496		-1.6445779658		-1.5837950184

				0.21		69.6570730867		0.0312454302		-2.2293523481		7247869.84975914		7.2478698498		2.09E+02		1.29E+02		0.170882269		0.1191826141		0.0516996549				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176144588		1.2703127188		-1.6445784255		-1.5837954018

				0.211		67.4277207386		0.0312303314		-2.1590459577		7247874.54781932		7.2478745478		2.09E+02		1.29E+02		0.1709648846		0.1192651939		0.0516996907				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176140834		1.2703124088		-1.6445788563		-1.583795761

				0.212		65.2686747808		0.0312152487		-2.0909227832		7247878.94990266		7.2478789499		2.09E+02		1.29E+02		0.1710474917		0.1193477674		0.0516997243				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176137317		1.2703121184		-1.6445792599		-1.5837960976

				0.213		63.1777519977		0.0312001821		-2.0249161296		7247883.0745238		7.2478830745		2.09E+02		1.29E+02		0.1711300909		0.1194303352		0.0516997557				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176134022		1.2703118463		-1.6445796381		-1.583796413

				0.214		61.152835868		0.0311851314		-1.9609613041		7247886.93904757		7.247886939		2.09E+02		1.29E+02		0.1712126827		0.1195128975		0.0516997852				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176130935		1.2703115913		-1.6445799925		-1.5837967084

				0.215		59.1918745639		0.0311700964		-1.8989955566		7247890.5597599		7.2478905598		2.09E+02		1.29E+02		0.1712952675		0.1195954547		0.0516998128				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176128042		1.2703113524		-1.6445803244		-1.5837969853

				0.216		57.2928790073		0.0311550771		-1.8389580225		7247893.95193436		7.2478939519		2.09E+02		1.29E+02		0.1713778457		0.1196780071		0.0516998386				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176125332		1.2703111286		-1.6445806355		-1.5837972446

				0.217		55.4539209848		0.0311400734		-1.7807896676		7247897.12989458		7.2478971299		2.09E+02		1.29E+02		0.1714604179		0.119760555		0.0516998628				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176122793		1.2703109189		-1.6445809269		-1.5837974876

				0.218		53.6731313172		0.0311250852		-1.7244332336		7247900.10707297		7.2479001071		2.09E+02		1.29E+02		0.1715429842		0.1198430987		0.0516998855				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176120414		1.2703107225		-1.6445811999		-1.5837977153

				0.219		51.9486980836		0.0311101124		-1.6698331862		7247902.89606568		7.2479028961		2.09E+02		1.29E+02		0.1716255452		0.1199256384		0.0516999068				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176118186		1.2703105385		-1.6445814556		-1.5837979285

				0.22		50.2788648974		0.0310951549		-1.6169356638		7247905.50868434		7.2479055087		2.09E+02		1.29E+02		0.1717081012		0.1200081745		0.0516999267				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176116099		1.2703103661		-1.6445816951		-1.5837981283

				0.221		48.6619292336		0.0310802126		-1.5656884282		7247907.95600453		7.247907956		2.09E+02		1.29E+02		0.1717906524		0.120090707		0.0516999454				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176114144		1.2703102047		-1.6445819195		-1.5837983154

				0.222		47.0962408054		0.0310652855		-1.5160408168		7247910.24841131		7.2479102484		2.09E+02		1.29E+02		0.1718731991		0.1201732363		0.0516999628				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176112312		1.2703100534		-1.6445821297		-1.5837984907

				0.223		45.5801999886		0.0310503735		-1.4679436957		7247912.39564198		7.2479123956		2.09E+02		1.29E+02		0.1719557417		0.1202557625		0.0516999792				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176110597		1.2703099117		-1.6445823266		-1.5837986548

				0.224		44.1122562929		0.0310354765		-1.4213494144		7247914.40682616		7.2479144068		2.09E+02		1.29E+02		0.1720382803		0.1203382858		0.0516999945				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.217610899		1.2703097791		-1.644582511		-1.5837988086

				0.225		42.6909068785		0.0310205944		-1.3762117622		7247916.29052344		7.2479162905		2.09E+02		1.29E+02		0.1721208153		0.1204208064		0.0517000089				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176107485		1.2703096548		-1.6445826837		-1.5837989526

				0.226		41.3146951163		0.0310057272		-1.3324859252		7247918.05475873		7.2479180548		2.09E+02		1.29E+02		0.1722033469		0.1205033246		0.0517000223				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176106076		1.2703095384		-1.6445828455		-1.5837990875

				0.227		39.9822091911		0.0309908749		-1.290128445		7247919.7070554		7.2479197071		2.09E+02		1.29E+02		0.1722858753		0.1205858403		0.0517000349				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176104755		1.2703094294		-1.644582997		-1.5837992139

				0.228		38.6920807461		0.0309760373		-1.2490971784		7247921.25446637		7.2479212545		2.09E+02		1.29E+02		0.1723684006		0.1206683538		0.0517000467				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176103519		1.2703093273		-1.6445831389		-1.5837993322

				0.229		37.4429835677		0.0309612144		-1.2093512582		7247922.70360337		7.2479227036		2.09E+02		1.29E+02		0.1724509231		0.1207508653		0.0517000578				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176102361		1.2703092317		-1.6445832718		-1.583799443

				0.23		36.2336323095		0.0309464062		-1.1708510555		7247924.06066431		7.2479240607		2.09E+02		1.29E+02		0.1725334429		0.1208333748		0.0517000681				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176101277		1.2703091421		-1.6445833962		-1.5837995467

				0.231		35.0627812541		0.0309316125		-1.1335581428		7247925.33145895		7.2479253315		2.09E+02		1.29E+02		0.1726159603		0.1209158825		0.0517000778				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176100262		1.2703090583		-1.6445835127		-1.5837996439

				0.232		33.9292231113		0.0309168335		-1.0974352581		7247926.52143312		7.2479265214		2.09E+02		1.29E+02		0.1726984753		0.1209983884		0.0517000869				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176099311		1.2703089798		-1.6445836218		-1.5837997349

				0.233		32.8317878532		0.0309020689		-1.0624462705		7247927.63569126		7.2479276357		2.09E+02		1.29E+02		0.1727809881		0.1210808928		0.0517000954				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176098421		1.2703089063		-1.644583724		-1.5837998201

				0.234		31.7693415827		0.0308873188		-1.0285561459		7247928.67901775		7.247928679		2.09E+02		1.29E+02		0.1728634989		0.1211633956		0.0517001033				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176097588		1.2703088374		-1.6445838197		-1.5837998998

				0.235		30.7407854367		0.0308725831		-0.9957309151		7247929.65589674		7.2479296559		2.09E+02		1.29E+02		0.1729460078		0.121245897		0.0517001108				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176096807		1.270308773		-1.6445839092		-1.5837999745

				0.236		29.7450545216		0.0308578618		-0.9639376412		7247930.57053095		7.2479305705		2.09E+02		1.29E+02		0.1730285149		0.1213283971		0.0517001178				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176096076		1.2703087126		-1.6445839931		-1.5838000445

				0.237		28.7811168804		0.0308431548		-0.9331443894		7247931.42685913		7.2479314269		2.09E+02		1.29E+02		0.1731110202		0.121410896		0.0517001243				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176095392		1.2703086561		-1.6445840716		-1.5838001099

				0.238		27.847972491		0.0308284621		-0.9033201967		7247932.22857258		7.2479322286		2.09E+02		1.29E+02		0.173193524		0.1214933937		0.0517001304				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176094752		1.2703086032		-1.6445841451		-1.5838001712

				0.239		26.9446522943		0.0308137837		-0.8744350431		7247932.97913051		7.2479329791		2.09E+02		1.29E+02		0.1732760264		0.1215758903		0.0517001361				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176094152		1.2703085537		-1.6445842139		-1.5838002286

				0.24		26.0702172511		0.0307991195		-0.8464598231		7247933.68177461		7.2479336818		2.09E+02		1.29E+02		0.1733585273		0.1216583858		0.0517001415				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176093591		1.2703085074		-1.6445842784		-1.5838002823
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				0.254		16.3993005325		0.0305952949		-0.5360072718		7247939.88765984		7.2479398877		2.09E+02		1.29E+02		0.1745134349		0.1228132461		0.0517001888				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176088633		1.2703080979		-1.6445848474		-1.5838007568

				0.255		15.8632932608		0.0305808401		-0.5187330766		7247940.14787858		7.2479401479		2.09E+02		1.29E+02		0.174595923		0.1228957322		0.0517001908				0.0000000115		0.000000006		0.000000011		0.0000000056		0.0000000113		0.0000000058		1.2176088425		1.2703080808		-1.6445848712		-1.5838007767
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