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QUENCH PROTECTION CALCULATIONS FOR FERMILAB’S SECOND GENERATION INTERACTION REGION QUADRUPOLES FOR LHC
P. Bauer, L. Imbasciati, M. Lamm, A.V. Zlobin

Abstract:

Fermilab is proposing to develop the second generation high gradient quadrupoles for a future LHC upgrade. These quadrupoles have to achieve operational gradients of 210 T/m in a 90 mm aperture. This specification can only be achieved with Nb3Sn superconductor at 4.5 K. The following describes the results of a study of the quench process in the currently proposed quadrupole model in view of a R&D proposal that will be completed shortly. The quench model (“Quenchpro”) used throughout the calculations is briefly described. A quench protection system design is presented together with the calculated current, temperature and voltage profiles for nominal operation. 
1.0
INTRODUCTION

Fermilab is proposing to develop the second generation high gradient quadrupoles (HGQ-2) for a future LHC upgrade. These quadrupoles have to achieve operational gradients of 210 T/m in a 90 mm aperture. With peak-fields in the coils of the order of 10 T at nominal operation and increased heat load due to radiation as a result of the increased luminosity in the interaction point, this specification can only be achieved with Nb3Sn superconductor (at 4.5 K). The following table lists the specifications of the magnet. For the sake of comparison the table also contains the respective data of the first generation interaction region quadrupoles for LHC, currently being manufactured at Fermilab. The figure below shows a schematic design of the coil, generated by Roxie.
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2.0
QUENCHPRO

The program Quenchpro, presently in the form of a Mcad spreadsheet, is divided into two parts. In the first part the magnet is defined as a series circuit of 16 sub-coils. After definition of the magnet parameters, preliminary calculations of the material properties and definition of the quench protection system parameters, the program calculates the current, the temperatures and resistances of the 16 coils during the quench. In the second part the coordinates of all turns in the magnet are defined, so that the program can calculate the turn to turn inductance matrix. Based on the resistance, temperature and current decay calculation of the first part and the inductance matrix, the program then calculates the turn to ground and turn to turn voltages.

In the first part, which is described in detail in the following, the current, temperatures and resistances of all 16 sub-coils are grouped into a vector, whose time–dependence is iteratively calculated from the preceding time-steps. Obviously the initial value of all magnitudes at quench-time (t=0 sec) have to be defined. Typically the time-step is 0.3 msec. There are 2 MIIts-clocks in the vector: one that starts accumulating quench integral at t=0 and the other that starts accumulating QI after the start of heater action (given by the sum of quench-detection time and heater delay time). Each coil group is assigned to one of the MIIts clocks (or none) depending on its mode of quench (initial spontaneous or heater induced).

The original quench location was chosen to be one of the inner coils because inner coil quenches generally are more likely and result in higher peak temperatures. The initial quench location was not varied in this study because it typically produces negligible variations in the final results. 

2.1) Calculation of the Maximum Temperature

Using the adiabatic approximation (= no cooling), the maximal temperature Tmax of the quenched superconductor is calculated from the quench integral (QI). Quenchpro calculates the peak temperature as a function of QI from the material properties (heat capacity cp and matrix resistivity Cu) prior to the quench process calculation. In the course of the quench process calculation Quenchpro calculates the QI from the current decay profile and retrieves the temperature from the pre-established Tmax(QI) correlation mentioned above. Quenchpro uses a constant (average) field in the calculation of the material properties, thus it only weakly approximates the real case, where the field varies through space and time. Comparisons with more evolved programs have shown that it is best to use low numbers (~1-2 T) for the magnetic field parameter. Then, as the program computes the quench process, the maximum temperature of the conductor for each time step is obtained with the QI calculated from the time integration of the square of the simulated current decay profile. 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. An important novelty with respect to former versions of the program is that, the epoxy filling the voids in and on the cable as well as the epoxy-impregnated cable insulation contribute with their specific heat to the QI. A simple diffusivity argument supports the idea that the small epoxy-filled voids and the thin layer of insulation surrounding the cable will be heated as much as the cable in the given time frame. 
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Figure 1: Specific heat of materials used in the quench calculations.
Furthermore, this version of the program differentiates not only between superconductor and matrix, but also takes into account the fact that the non-copper fraction contains other materials than the superconductor, such as bronze. In the matrix resistivity function the bronze fraction is as well considered, although with the bronze resistivity being several hundred times larger than that of copper, there is no noticeable effect on the results.

2.2) Calculation of the Resistance

The temperature and the magnetic field are the parameters of the calculation of the ohmic resistance of each coil-part. However, the resistance of each sub-coil is not determined solely by these parameters but depends as well on the length of the normal zone(s) in the segment. The program assumes that the whole normal zone in each coil is at the one momentary temperature given by the quench integral accumulated in the coil at that time. In case a spontaneous and a heater induced quench occur in the same coil, the coil temperature is assumed to be the higher temperature of the initially quenched turn. This leads to an overestimation of the resistance of this particular coil. It is therefore advisable to set the initial quench in a very small sub-coil (i.e. with a small number of turns) and to refrain from using heaters in this sub-coil. The calculation of the normal-zone-length requires information about the nature of the quench (spontaneous, through heaters or through quench propagation) and the time when the quench occurs. The quench starts spontaneously at t=0, typically in one turn of one of the 16 sub-coils, and spreads via longitudinal propagation. After quench detection and heater delay time all turns covered by (active) heaters are quenched over their full length. The heater induced quenches also propagate longitudinally. The longitudinal heat propagation is fully described with the quench propagation velocity (which is constant in Quenchpro and was chosen to be 10 m/s in this study). A so called end-of-propagation-time is defined to account for the decrease of propagation velocity in the real case. After that time the program suppresses the propagation of the normal zone. This parameter was not activated in the here presented calculations. As mentioned above the magnetic field is an important parameter 
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Figure 2: Electrical resistivity of materials used in the quench calculations.

in the calculation of the resistance of each turn. More evolved quench simulation programs use “field-maps” to account for the large variation of field throughout the coils. Quenchpro, however, uses only two fields, one “average” field (average in the spatial and temporal sense) in the calculation of the bulk temperature and one “peak” field in the calculation of the hot spot temperature. These fields were set 1 T and 2 T in this study.

2.3) Calculation of the Current Decay

The program assumes that the magnet power supply is disconnected from the magnet leads after quench detection time and the so called switch time. If required, a dump resistance can be specified to simulate dump-supported quenches. If the dump resistance is set to zero the magnet leads are considered to be short-circuited. After that, the current decay is calculated from the instantaneous current decay time constant, calculated from the rapidly growing total magnet resistance (the sum of the resistance of all sub-coils and the dump) and the total (constant) inductance L. The time constant is used to calculate the new current from the old current. With the new current the increase of quench integral is found and thus the new temperature of the coils, giving a new resistance and so forth - until the current has dropped to zero. 

In the second part of Quenchpro the inductance matrix of the magnet is calculated on a turn-to-turn basis. Therefore the positions of all turns have to be specified. The mutual inductance between two turns is calculated from the current and the magnetic flux originating in one turn and enclosed by the surface of the other turn. In addition all inductances are multiplied by an “iron-enhancement” factor to account for the effect of the iron yoke. The iron-enhancement factor is chosen such, that the total calculated inductance (the sum of all mutual and self-inductances) agrees with the total inductance calculated by magnetic design programs such as Opera or Roxie. The iron enhancement factor is 1.1 in the magnet investigated here.

2.4) Calculation of the Coil-to-Ground Voltage

The voltage to ground is calculated from the current, the resistances of each turn (calculated from the resistances of the respective sub-coil), the temporal current derivative and the self and mutual inductances of the turns. The calculation proceeds as a running sum of ohmic and inductive voltages through the magnet parts following the exact electrical sequence of the turns in the magnet. The inductance matrix (Lj,k) has to be built according to the same electrical sequence. The maximum voltage to ground is occurring most likely at the time at which the total resistive voltage of the coil is biggest. The voltages shown in the following were always calculated at that particular time.

2.5) Calculation of the 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). Similarly to the case of the turn-to-ground voltages the turn-to-turn voltage is calculated at the time at which the total resistive voltage of the coil reaches its maximum.

3.0
HGQ-2 -  QUENCH PROTECTION SYSTEM PARAMETERS

Table 1 lists all parameters relevant for quench protection of the proposed HGQ-2. As can be seen in the table the current margin in the HGQ-2 is 12% (of the critical current). The inductance is 4.72 mH/m, resulting in a stored energy of  489 kJ/m. The copper current density (total current divided over the copper cross-sectional area in the conductor) is 1645 A/mm2. The total conductor cross-sectional area is ~24 mm2 (including 0.18 mm fiber-glass insulation and epoxy filled voids within the cable). The Cu/NCu ratio listed in the table reflects the result of in detail calculations to provide the best possible compromise between sufficient current margin and low hot spot temperatures after a quench (see discussion in 3.3). The RRR chosen in the calculations is 50, which is a realistic estimate for state of the art Nb3Sn conductor. As can be seen in the last rows of the table the quench integral for 300 K (that is the “MIIts-budget”) is 23.1 MIIts. The quench integral consumed at the start of heater action (assumed to occur after 30 ms in this case) amounts to 6.3 MIIts. This leaves 16.8 MIIts for the decay. The magnet length indicated in Table 1 is similar to that of the first generation LHC IR design. The cable parameters are listed separately in Table 2.

Quenchpro calculations of the quench process were performed to determine the  requirements on the quench protection system for the magnet with design parameters as listed in Table 1 to remain within the limitations on temperature and voltage. These limitations were set to 300 K for the hot spot peak temperature, 1 kV for the maximum turn-to-ground voltage and 100 V for the maximum turn-to-turn voltage. Preliminary experimental evidence indicates that Nb3Sn type magnets can be heated up to ~420 K after a quench without permanently degrading the brittle superconductor. These results 

	Magnet
	LHC-HGQ-2

	Superconductor
	Nb3Sn

	Bath temperature (K)
	1.9

	Nominal gradient (T/m)
	210

	Peak field in coil, nominal (T)
	10.25

	Aperture diameter (mm)
	90

	Nominal operational current  (kA)
	14.5

	Current margin at operation (%)
	12

	Inductance, nominal (mH/m)
	4.72

	Stored energy, nominal (kJ/m)
	488.6

	Stored energy per coil volume, nominal (excl. wedges) (MJ/m3)
	139.6

	Length (m)
	6

	Number of turns
	144

	Copper current density (A/mm2)
	1645

	Quench integral at 300K (MA2s)
	23.1

	Quench integral at nominal current after 30ms (MA2s)
	6.3


Table 1: Parameters of the proposed second generation LHC high gradient quadrupoles.
	Cable parameters
	

	Number of strands
	42

	Strand diameter (mm)
	0.7

	Insulation thickness (mm)
	0.18

	Cu/NCu ratio
	1.2

	Bronze fraction in NCu area
	0.5

	Cu RRR
	50

	Operating current density in superconductor (NCu area)
	1974 A/mm2

	Component
	Cross-sectional area (mm2)

	Superconductor
	3.675

	Bronze
	3.675

	Copper
	8.82

	G10 – insulation and epoxy in cable voids
	8.16

	total
	24.3


Table 2: Cable parameters and cable geometry as implemented in Quenchpro.
were found in quench tests performed on cables
. It is advisable however, to set the temperature limit lower a) because the results indicated above are preliminary, b) because the glass transition temperature for the S2-glass insulation is around 400 K and c) because the effect of repeated temperature excursions over the magnet life-time is not well known. The voltage limits stipulated here are in agreement with literature data on impregnated fiber-glass insulation and include a large safety factor
.

The following discusses the effect of heater coverage, heater delay and Cu/NCu ratio on the peak temperatures.

3.1) Optimum Heater Coverage

The most important quench protection system parameter in state of the art Nb3Sn high field magnets is the heater coverage. A set of quench simulations was performed to investigate the minimum heater coverage required to keep peak temperatures below the stipulated limit. 
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Figure 3: Simulated hot spot and bulk temperatures in HGQ-2 at nominal current and 30 ms total delay time.
As shown in Figure 3 the hot spot temperature (i.e. the temperature of the turn(s) where the original quench occurred) and the bulk temperature (i.e. the temperature of the turns under the heaters) remain below 300 K for a ~30 % heater coverage. Heaters placed on the outer coils only result in a ~55% heater coverage, whereas, due to the slightly smaller number of turns in the inner layer, the inner layer only represents 44% of the total coil volume. Half the outer coils represent 27.5% of the coil volume. 

3.2) Effect of Heater Delay

The simulation presented in Figure 3 assumes a total heater delay time of 30 ms (i.e. 5 ms for quench detection time and 25 ms for the thermal delay). Experimental evidence as well as FE modeling support this value. Figure 4 shows the result of FE calculations based on a model described elsewhere
. The model calculates the time it takes to heat up the cable edge to the so called generation temperature (which is slightly less than the critical temperature), which depends on the field (here 5 T – see Figure 4, right) and the reduced current (the operating current normalized to the critical current for the given temperature and field). This time is the heater delay. It depends strongly on the insulation thickness between the heated surface and the bare cable, normally consisting of the regular cable insulation, the ground-insulation and the insulation of the heater itself. The total insulation thickness between the bare cable edge and the heater steel strip was assumed to be 0.375 mm. The shape of the heater current pulse is implemented in the model and depends on the heater power supply and the heater strip resistance. In this calculation a heater unit of the LHC type was assumed, combined with a particular heater strip configuration as described in chapter 4. The peak heater pulse power was assumed to be 33 W/cm2 (active side of heater only). The results shown in Figure 4 indicate that at 88% of the critical current, given a heater surface power of 30 W/cm2 (one side only), the heater delay is ~20 ms. This heater delay does not include the quench detection time. The curve in Figure 4 was calculated at a constant field of 5 T. The generation temperature of Nb3Sn at 5 T, assuming a ratio of nominal vs critical current of 0.88 is 11 K. The model does not take into account that at lower operational currents (and thus lower reduced currents) the field on the coil drops as well. The 5 T field is the average field on the outer edge of the outer coil at nominal conditions (Figure 4, right). A more detailed discussion of the heater design parameters is given in chapter 4.
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Figure 4: Left: Results of finite element simulation of heater delay as a function of reduced current (operating current divided by critical current). The critical current along the magnet load-line is 16.5 kA. Right: Peak field (T) in one octant of the HGQ-2, as plotted by Opera. The plot shows that the field at the outer edge of the outer layer is ~5 T.
Figure 5 shows the effect of total delay (including quench detection time) on the peak temperature, assuming two possible heater coverage fractions, full and half coverage of the outer coils with heaters. For full outer coil coverage the results indicate compatibility with the temperature limitations up to a total heater delay time of 45 ms. In the case of only half the outer coils being quenched by heaters the total delay should remain within 30 ms to limit the hot spot temperature to ~300 K.
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Figure 5: Hot spot temperature in HGQ-2 after a quench at nominal conditions for different total heater delays (=quench detection time + thermal heater delay). The simulation assumed heaters on the outer coils only.
3.3) Optimum Copper/Non-Copper Ratio

Another important quench protection parameter is the Cu/NCu ratio. Given cable dimensions as required by the magnetic design the Cu/NCu ratio, together with the critical current density in the superconductor, determines the current density in the normal conducting matrix (copper matrix) during a quench. This so called “copper current density” (that is, the cable current divided by the copper cross-sectional area of the cable) strongly affects the peak temperature in the hot spot after a quench. As can be concluded from Figure 6 the choice of Cu/NCu=1.2 and a 50 % heater coverage are compatible with the temperature limits. The secondary y-axis in the plot shows that the copper current density in this case is 1645 A/mm2. In addition Figure 6 shows that the Cu/NCu ratio could be varied in the range of 1 to 1.4 without dramatically changing the peak temperature.
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Figure 6: Hot spot temperature in HGQ-2 after a quench at nominal conditions for different Cu/NCu ratios in the conductor. The simulation assumed heaters on the outer coils only.

3.4) Conclusions of the Parametric Study

The conclusions that can be drawn from the result of the analysis of the effect of heater coverage, heater delay and Cu/NCu ratio are that:

1) At a heater delay time of 30 ms it should be possible to operate within the temperature limit of 300 K using a 50% heater coverage, i.e. covering the outer coils with heaters. In the worst case, i.e. half the heaters failing, only 25 % of the coils are quenched and the peak temperature exceeds the limit only slightly. The approach is to a certain extent aggressive and requires that experiments confirm the 30 ms delay. In the case of 3 out of 4 heaters failing the peak temperature (as shown in Figure 3) at the hot spot can exceed the limit and reach up to 450 K. The attractiveness of the 50% heater case lies in the fact, that it requires coverage of only the outer coils.

2) A more conservative approach would consist in the use of the 50 % heater case as baseline. The minimum redundancy requirement would then demand a 100% heater coverage. This can be obtained either by covering the outer coils from the outside and the inner layer coils from the inside (bore-side). Alternatively 2 layers of heaters could be installed in between the two layers, requiring that the heaters are part of the coil during the high temperature treatment that serves to synthesize the superconductor in the superconducting strands forming the cable.     

The following will discuss the simulations generated for these two cases in detail.

4.0
ELECTRICAL CONNECTION SCHEME

Figure 7 presents a schematic of the chosen electrical connection scheme. The heater placement indicated in the figure corresponds to the 25% heater case with full redundancy. Full redundancy is provided by a second, complete heater system, that is  used as well, but can fail without serious consequences. There are four heater units, each with a separate capacitor bank power supply and quench-detection unit. Each heater unit (or heater system) consists of a heater power supply (capacitor bank) and a set of heater strips. The baseline heater power supply used here corresponds to half the power supply unit employed in the LHC. It is built from 3 parallel capacitors (4.7 mF, 500V, each). More details on the heater design are presented in Table 3. The specifications of the heater power supply system are indicated in Table 3. The 50% heater scheme (100% coverage including redundancy) can be obtained by doubling the amount of heater units shown here. As can be seen in Figure 7 the heaters are placed in such a way that they heat two halves of two coils simultaneously. This measure equilibrates the voltage throughout the magnet and strongly dampens voltage imbalances in the case of heater failures.

The heater strip (SS) dimensions are: 12 mm wide, 25 µm thick, 5.5 m long. A copper cladding ratio of 3 is proposed (3 twist pitches of copper coating, followed by one twist pitch without coating). The heater strip arrangement proposed here is of 2 parallel groups of 2 series strips.
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Figure 7: Electrical connection scheme in quadrupole, including heaters (50% heater coverage).
	
	25% coverage
	50% coverage

	# of heater systems (including redundancy)
	2+2
	4+4

	# of capacitors per heater power supply
	3
	3

	Capacitance per capacitor (mF)
	4.7
	4.7

	Total Capacitance per heater system (mF)
	14.1
	14.1

	Operating voltage / maximum voltage (V)
	350/500
	350/500

	Peak heater power for active heater surface (W/cm2)
	38
	38

	Peak current during heater pulse (A)
	150
	150

	Heater pulse time constant (ms)
	33
	33

	Number of strips per heater system
	4
	4

	Resistance per heater system ()
	2.2
	2.2

	Cu cladding
	1:3
	1:3

	Steel fraction of heater length
	0.25
	0.25


Table 3: Heater system design summary table. 
5.0
QUENCH SIMULATIONS

The following chapter describes the results of the quench protection simulations performed for two cases –1- with 25% heater coverage case and –2- with 50% heater coverage case. Case 1 can be considered the worst case, i.e. with half of the heaters failing, in the 50% heater coverage case. Case 2 can be regarded as the 50 % heater case without heater failure.

5.1) 50% Heater Case

In the 50% heater coverage case all outer coils are covered with heaters. Strictly speaking the heaters cover 55% of the coil volume in this scenario. This scenario is depicted in schematic form in Figure 7. Figure 8 shows the current decay and the temperature profiles, assuming a total heater delay of 30 ms. The current decays in 256 ms, while the peak temperature at the hot spot is 231 K. The peak coil-to-ground and turn-to-turn voltages are shown in Figure 9 and Figure 10. The peak to ground voltage is 407 V, the peak turn-to-turn voltage is 31 V. This is far below the specified limits of 1 kV and 100 V, allowing for a comfortable safety margin. The voltages arising in the case of heater failures are shown in chapter 6.
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Figure 8: Current decay and temperature profiles in the quadrupole with 50% heater coverage.
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Figure 9: Maximum turn-to-ground voltage in the quadrupole (6 m) at 50% heater coverage.
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Figure 10: Maximum turn-to-turn voltage in the quadrupole (6 m) at 50% heater coverage.

5.2) 25% Heater Case

In the 25% heater coverage case half of the outer coils are covered with heaters. Strictly speaking the heaters cover 27.5% of the coil volume in this scenario. Figure 11 shows the current decay and the temperature profiles, assuming a total heater delay of 30 ms. The current decay time is 307 ms, while the peak temperature in the hot spot is 314 K. The peak coil to ground and turn-to-turn voltages are shown in Figure 9 and Figure 10. The peak to ground voltage is 419 V, the peak turn-to-turn voltage is 64 V. This is far below the specified limits of 1 kV and 100 V, allowing for a comfortable safety margin. The voltages arising in the case of heater failures are discussed in part 6.
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Figure 11: Current decay and temperature profiles in the quadrupole with 25% heater coverage.
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Figure 12: Maximum turn-to-ground voltage in the quadrupole (6 m) at 25% heater coverage.
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Figure 13: Maximum turn-to-turn voltage in the quadrupole (6 m) at 25% heater coverage.

6.0
HEATER FAILURE SCENARIOS

Figure 14 summarizes the peak voltages (turn-to-ground and turn-to-turn) in the case of equilibrated heater distributions. The “standard” cases, a) all outer turns covered and b) half of the outer turns covered are among them. The heater strips are placed (Figure 7) in such a way that one heater system, quenches two halves of two coils. This reduces the magnitude of voltage imbalances in case of failing heaters.
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Figure 14: Peak voltages in various “equilibrated” heater distribution cases.

In the following the most likely heater failures will be analyzed. These failure modes are summarized in Figure 15. Four heater systems are shown, such as in the 50% heater case. Since each heater consists of 2 groups of 2 strips connected in parallel, the minimum heater failure is expected to be the failure of one of these 2 groups (that is half of one heater system). The cases of failure of one half of a heater (a), one complete heater (b) , one half of two different heaters (c) and 2 heaters are shown (d). Similar schemes apply to the case of 25% heater coverage in which only the 2 heaters on the left and the right are active, whereas the top and bottom heaters are not connected (reserve). Case d for the 25% heater case is the unlikely case of all heaters failing.

Table 4 summarizes the results of the heater failure simulations for the two possible heater coverage scenarios. Case d (2 heaters failing) was not calculated for the 25% heater case, because it would correspond to the very unlikely case of complete heater failure. Each voltage listed in Table 4 represents the worst case, i.e. the most asymmetric heater failure scenario for each case (a-d).


Figure 15: Graphical representation of possible failure modes in the 50% heater coverage case: Y (operating), N (not operating).

	
	case
	25% coverage
	50% coverage

	a)
	50% of one heater failing
	1110 V
	786 V

	b)
	One heater failing
	1061 V
	668V

	c)
	50% of two different heaters failing
	970 V
	668 V

	d)
	Two heaters failing
	-
	1127 V


Table 4: Peak voltages in most common failure modes for two possible heater coverage scenarios. 
As can be concluded from Table 4 the voltages only slightly exceed the limiting voltage in the most likely heater failures for both heater coverage scenarios.

7.0
CONCLUSIONS

A summary of the results of the quench calculations for second generation LHC high gradient quadrupole, as specified in the introduction to this report, is shown in Table 5.  The voltages and temperatures listed in the table are below or at the limits. The limits are 300 K for the peak temperature, 1 kV for the voltage to ground and 100 V for the turn-to-turn voltage. Especially in the case of the voltages the figures presented here are for the standard operational cases. Different realistic heater failure scenarios were simulated and they result in larger voltages that exceed the limiting voltage by a maximum of 10%. The bulk temperature is the maximum temperature of the turns under the heaters. The peak temperature is the temperature of the turn(s) that initially quenched. The time constant  refers to the time at which the magnet current has decayed to zero.

Summarizing this study it can be said that it is possible to operate the here regarded magnet within the stipulated limitations. To stay within the temperature limit of 300 K a minimum heater coverage of 25% is required. Two possible heater coverage schemes, including full redundancy, were proposed, one aggressive, the other conservative. Experimental studies of the heater delay and the peak temperatures on short model prototypes should reveal if the more aggressive scheme can be implemented. If not, the conservative solution can be chosen.

	
	2x25% heater coverage
	2x50% heater coverage

	Heater delay (ms)
	5+25
	5+25

	Number of heater systems (including redundancy)
	2+2
	4+4

	Max. hot spot temperature (K)
	231
	186

	Max. bulk temperature (K)
	127
	100

	Max. turn-to-ground voltage (V)
	407
	78

	Max. turn-to-turn voltage (V)
	30
	22

	Magnet current decay time (ms)
	256
	114


Table 5: Summary of the quench simulations on the second generation LHC high gradient quadrupole (for two heater possible heater implementations operating at full redundancy). 
Y





N





Y





Fermi National Accelerator Laboratory


Technical Division / Development & Test Dept.


PO Box 500   MS 316


Batavia, IL 60510


FAX :   630-840-2383





Fax








Y





N





Y





Y





Y





Y





N





N





Y





Y





Y





Y





Y





N





Y





Y





Y





N





Y





Y





Y





Y





Y





N





N





Y





� EMBED Word.Document.8 \s ���





Y





Y





N





a)





b)





c)





d)








� L. Imbasciati et al., “Quench-Tests on Nb3Sn Cables – Run 1”, Fermilab TD-note, TD-01-075, Nov. 2001


� A. Devred et al., “Insulation Systems for Nb3Sn Accelerator Magnets Fabricated by the React and Wind Technique”, DAPNIA 99-03, July 1999


� L. Imbasciati, “Quench Heater Design Considerations for VLHC Magnets”, Fermilab, Technical Division Note TD-01-022, April 2001





PAGE  
1

_1042536767.xls
Chart3

		0		0

		5.5		5.5

		6.5		6.5

		7.5		7.5

		8.5		8.5

		9.5		9.5

		10.5		10.5

		11.5		11.5

		12.5		12.5

		13.5		13.5

		14.5		14.5

		15.5		15.5

		16.5		16.5

		17.5		17.5

		18.5		18.5

		19.5		19.5

		20.5		20.5

		21.5		21.5

		22.5		22.5

		23.5		23.5

		24.5		24.5

		25.5		25.5

		26.5		26.5

		27.5		27.5

		28.5		28.5

		29.5		29.5

		30.5		30.5

		31.5		31.5

		32.5		32.5

		33.5		33.5

		34.5		34.5

		35.5		35.5

		36.5		36.5

		37.5		37.5

		38.5		38.5

		39.5		39.5

		40.5		40.5

		41.5		41.5

		42.5		42.5

		43.5		43.5

		44.5		44.5

		45.5		45.5

		46.5		46.5

		47.5		47.5

		48.5		48.5

		49.5		49.5

		50.5		50.5

		51.5		51.5

		52.5		52.5

		53.5		53.5

		54.5		54.5

		55.5		55.5

		56.5		56.5

		57.5		57.5

		58.5		58.5

		59.5		59.5

		60.5		60.5

		61.5		61.5

		62.5		62.5

		63.5		63.5

		64.5		64.5

		65.5		65.5

		66.5		66.5

		67.5		67.5

		68.5		68.5

		69.5		69.5

		70.5		70.5

		71.5		71.5

		72.5		72.5

		73.5		73.5

		74.5		74.5

		75.5		75.5

		76.5		76.5

		77.5		77.5

		78.5		78.5

		79.5		79.5

		80.5		80.5

		81.5		81.5

		82.5		82.5

		83.5		83.5

		84.5		84.5

		85.5		85.5

		86.5		86.5

		87.5		87.5

		88.5		88.5

		89.5		89.5

		90.5		90.5

		91.5		91.5

		92.5		92.5

		93.5		93.5

		94.5		94.5

		95.5		95.5

		96.5		96.5

		97.5		97.5

		98.5		98.5

		99.5		99.5

		100.5		100.5

		101.5		101.5

		102.5		102.5

		103.5		103.5

		104.5		104.5

		105.5		105.5

		106.5		106.5

		107.5		107.5

		108.5		108.5

		109.5		109.5

		110.5		110.5

		111.5		111.5

		112.5		112.5

		113.5		113.5

		114.5		114.5

		115.5		115.5

		116.5		116.5

		117.5		117.5

		118.5		118.5

		119.5		119.5

		120.5		120.5

		121.5		121.5

		122.5		122.5

		123.5		123.5

		124.5		124.5

		125.5		125.5

		126.5		126.5

		127.5		127.5

		128.5		128.5

		129.5		129.5

		130.5		130.5

		131.5		131.5

		132.5		132.5

		133.5		133.5

		134.5		134.5

		135.5		135.5

		136.5		136.5

		137.5		137.5

		138.5		138.5

		139.5		139.5

		140.5		140.5

		141.5		141.5

		142.5		142.5

		143.5		143.5

		144.5		144.5

		145.5		145.5

		146.5		146.5

		147.5		147.5

		148.5		148.5

		149.5		149.5

		150.5		150.5

		151.5		151.5

		152.5		152.5

		153.5		153.5

		154.5		154.5

		155.5		155.5

		156.5		156.5

		157.5		157.5

		158.5		158.5

		159.5		159.5

		160.5		160.5

		161.5		161.5

		162.5		162.5

		163.5		163.5

		164.5		164.5

		165.5		165.5

		166.5		166.5

		167.5		167.5

		168.5		168.5

		169.5		169.5

		170.5		170.5

		171.5		171.5

		172.5		172.5

		173.5		173.5

		174.5		174.5

		175.5		175.5

		176.5		176.5

		177.5		177.5

		178.5		178.5

		179.5		179.5

		180.5		180.5

		181.5		181.5

		182.5		182.5

		183.5		183.5

		184.5		184.5

		185.5		185.5

		186.5		186.5

		187.5		187.5

		188.5		188.5

		189.5		189.5

		190.5		190.5

		191.5		191.5

		192.5		192.5

		193.5		193.5

		194.5		194.5

		195.5		195.5

		196.5		196.5

		197.5		197.5

		198.5		198.5

		199.5		199.5

		200.5		200.5

		201.5		201.5

		202.5		202.5

		203.5		203.5

		204.5		204.5

		205.5		205.5

		206.5		206.5

		207.5		207.5

		208.5		208.5

		209.5		209.5

		210.5		210.5

		211.5		211.5

		212.5		212.5

		213.5		213.5

		214.5		214.5

		215.5		215.5

		216.5		216.5

		217.5		217.5

		218.5		218.5

		219.5		219.5

		220.5		220.5

		221.5		221.5

		222.5		222.5

		223.5		223.5

		224.5		224.5

		225.5		225.5

		226.5		226.5

		227.5		227.5

		228.5		228.5

		229.5		229.5

		230.5		230.5

		231.5		231.5

		232.5		232.5

		233.5		233.5

		234.5		234.5

		235.5		235.5

		236.5		236.5

		237.5		237.5

		238.5		238.5

		239.5		239.5

		240.5		240.5

		241.5		241.5

		242.5		242.5

		243.5		243.5

		244.5		244.5

		245.5		245.5

		246.5		246.5

		247.5		247.5

		248.5		248.5

		249.5		249.5

		250.5		250.5

		251.5		251.5

		252.5		252.5

		253.5		253.5

		254.5		254.5

		255.5		255.5

		256.5		256.5

		257.5		257.5

		258.5		258.5

		259.5		259.5

		260.5		260.5

		261.5		261.5

		262.5		262.5

		263.5		263.5

		264.5		264.5

		265.5		265.5

		266.5		266.5

		267.5		267.5

		268.5		268.5

		269.5		269.5

		270.5		270.5

		271.5		271.5

		272.5		272.5

		273.5		273.5

		274.5		274.5

		275.5		275.5

		276.5		276.5

		277.5		277.5

		278.5		278.5

		279.5		279.5

		280.5		280.5

		281.5		281.5

		282.5		282.5

		283.5		283.5

		284.5		284.5

		285.5		285.5

		286.5		286.5

		287.5		287.5

		288.5		288.5

		289.5		289.5

		290.5		290.5

		291.5		291.5

		292.5		292.5

		293.5		293.5

		294.5		294.5

		295.5		295.5

		296.5		296.5

		297.5		297.5

		298.5		298.5

		299.5		299.5

		300.5		300.5

		301.5		301.5

		302.5		302.5

		303.5		303.5

		304.5		304.5

		305.5		305.5

		306.5		306.5

		307.5		307.5

		308.5		308.5

		309.5		309.5

		310.5		310.5

		311.5		311.5

		312.5		312.5

		313.5		313.5

		314.5		314.5

		315.5		315.5

		316.5		316.5

		317.5		317.5

		318.5		318.5

		319.5		319.5

		320.5		320.5

		321.5		321.5

		322.5		322.5

		323.5		323.5

		324.5		324.5

		325.5		325.5

		326.5		326.5

		327.5		327.5

		328.5		328.5

		329.5		329.5

		330.5		330.5

		331.5		331.5

		332.5		332.5

		333.5		333.5

		334.5		334.5

		335.5		335.5

		336.5		336.5

		337.5		337.5

		338.5		338.5

		339.5		339.5

		340.5		340.5

		341.5		341.5

		342.5		342.5

		343.5		343.5

		344.5		344.5

		345.5		345.5

		346.5		346.5

		347.5		347.5

		348.5		348.5

		349.5		349.5

		350.5		350.5

		351.5		351.5

		352.5		352.5

		353.5		353.5

		354.5		354.5

		355.5		355.5

		356.5		356.5

		357.5		357.5

		358.5		358.5

		359.5		359.5

		360.5		360.5

		361.5		361.5

		362.5		362.5

		363.5		363.5

		364.5		364.5

		365.5		365.5

		366.5		366.5

		367.5		367.5

		368.5		368.5

		369.5		369.5

		370.5		370.5

		371.5		371.5

		372.5		372.5

		373.5		373.5

		374.5		374.5

		375.5		375.5

		376.5		376.5

		377.5		377.5

		378.5		378.5

		379.5		379.5

		380.5		380.5

		381.5		381.5

		382.5		382.5

		383.5		383.5

		384.5		384.5

		385.5		385.5

		386.5		386.5

		387.5		387.5

		388.5		388.5

		389.5		389.5

		390.5		390.5

		391.5		391.5

		392.5		392.5

		393.5		393.5

		394.5		394.5

		395.5		395.5

		396.5		396.5

		397.5		397.5

		398.5		398.5

		399.5		399.5

		400.5		400.5

		401.5		401.5

		402.5		402.5

		403.5		403.5

		404.5		404.5



Bronze

Copper RRR=100, B=2T

Temperature (K)

resistivity (Wm)

0

0

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000212

0.0000000004

0.0000000213

0.0000000004

0.0000000213

0.0000000004

0.0000000214

0.0000000004

0.0000000214

0.0000000004

0.0000000215

0.0000000004

0.0000000215

0.0000000004

0.0000000216

0.0000000004

0.0000000216

0.0000000005

0.0000000217

0.0000000005

0.0000000217

0.0000000005

0.0000000217

0.0000000005

0.0000000218

0.0000000005

0.0000000218

0.0000000005

0.0000000219

0.0000000005

0.0000000219

0.0000000005

0.000000022

0.0000000006

0.000000022

0.0000000006

0.0000000221

0.0000000006

0.0000000221

0.0000000006

0.0000000222

0.0000000006

0.0000000222

0.0000000007

0.0000000223

0.0000000007

0.0000000223

0.0000000007

0.0000000224

0.0000000007

0.0000000224

0.0000000008

0.0000000224

0.0000000008

0.0000000225

0.0000000008

0.0000000225

0.0000000009

0.0000000226

0.0000000009

0.0000000226

0.000000001

0.0000000227

0.000000001

0.0000000227

0.000000001

0.0000000228

0.0000000011

0.0000000228

0.0000000011

0.0000000229

0.0000000012

0.0000000229

0.0000000012

0.000000023

0.0000000012

0.000000023

0.0000000013

0.0000000231

0.0000000013

0.0000000231

0.0000000014

0.0000000231

0.0000000014

0.0000000232

0.0000000015

0.0000000232

0.0000000015

0.0000000233

0.0000000016

0.0000000233

0.0000000016

0.0000000234

0.0000000017

0.0000000234

0.0000000018

0.0000000235

0.0000000018

0.0000000235

0.0000000019

0.0000000236

0.0000000019

0.0000000236

0.000000002

0.0000000237

0.0000000021

0.0000000237

0.0000000021

0.0000000237

0.0000000022

0.0000000238

0.0000000022

0.0000000239

0.0000000023

0.0000000239

0.0000000024

0.000000024

0.0000000024

0.0000000241

0.0000000025

0.0000000242

0.0000000026

0.0000000242

0.0000000026

0.0000000243

0.0000000027

0.0000000244

0.0000000028

0.0000000245

0.0000000029

0.0000000246

0.0000000029

0.0000000246

0.000000003

0.0000000247

0.0000000031

0.0000000248

0.0000000031

0.0000000249

0.0000000032

0.0000000249

0.0000000033

0.000000025

0.0000000034

0.0000000251

0.0000000034

0.0000000252

0.0000000035

0.0000000253

0.0000000036

0.0000000253

0.0000000036

0.0000000254

0.0000000037

0.0000000255

0.0000000038

0.0000000256

0.0000000039

0.0000000257

0.0000000039

0.0000000257

0.000000004

0.0000000258

0.0000000041

0.0000000259

0.0000000042

0.000000026

0.0000000042

0.000000026

0.0000000043

0.0000000261

0.0000000044

0.0000000262

0.0000000045

0.0000000263

0.0000000045

0.0000000264

0.0000000046

0.0000000264

0.0000000047

0.0000000265

0.0000000048

0.0000000266

0.0000000048

0.0000000267

0.0000000049

0.0000000267

0.000000005

0.0000000268

0.0000000051

0.0000000269

0.0000000051

0.000000027

0.0000000052

0.0000000271

0.0000000053

0.0000000271

0.0000000053

0.0000000272

0.0000000054

0.0000000273

0.0000000055

0.0000000274

0.0000000056

0.0000000275

0.0000000056

0.0000000275

0.0000000057

0.0000000276

0.0000000058

0.0000000277

0.0000000059

0.0000000278

0.0000000059

0.0000000278

0.000000006

0.0000000279

0.0000000061

0.000000028

0.0000000061

0.0000000281

0.0000000062

0.0000000282

0.0000000063

0.0000000282

0.0000000064

0.0000000283

0.0000000064

0.0000000284

0.0000000065

0.0000000285

0.0000000066

0.0000000285

0.0000000066

0.0000000286

0.0000000067

0.0000000287

0.0000000068

0.0000000288

0.0000000069

0.0000000289

0.0000000069

0.0000000289

0.000000007

0.000000029

0.0000000071

0.0000000291

0.0000000071

0.0000000292

0.0000000072

0.0000000292

0.0000000073

0.0000000293

0.0000000074

0.0000000294

0.0000000074

0.0000000295

0.0000000075

0.0000000295

0.0000000076

0.0000000296

0.0000000076

0.0000000297

0.0000000077

0.0000000298

0.0000000078

0.0000000299

0.0000000078

0.0000000299

0.0000000079

0.00000003

0.000000008

0.0000000301

0.000000008

0.0000000302

0.0000000081

0.0000000303

0.0000000082

0.0000000303

0.0000000083

0.0000000304

0.0000000083

0.0000000305

0.0000000084

0.0000000306

0.0000000085

0.0000000306

0.0000000085

0.0000000307

0.0000000086

0.0000000308

0.0000000087

0.0000000309

0.0000000087

0.000000031

0.0000000088

0.000000031

0.0000000089

0.0000000311

0.0000000089

0.0000000312

0.000000009

0.0000000313

0.0000000091

0.0000000313

0.0000000091

0.0000000314

0.0000000092

0.0000000315

0.0000000093

0.0000000316

0.0000000093

0.0000000317

0.0000000094

0.0000000317

0.0000000095

0.0000000318

0.0000000096

0.0000000319

0.0000000096

0.000000032

0.0000000097

0.000000032

0.0000000098

0.0000000321

0.0000000098

0.0000000322

0.0000000099

0.0000000323

0.00000001

0.0000000324

0.00000001

0.0000000324

0.0000000101

0.0000000325

0.0000000102

0.0000000326

0.0000000102

0.0000000327

0.0000000103

0.0000000327

0.0000000104

0.0000000328

0.0000000104

0.0000000329

0.0000000105

0.000000033

0.0000000106

0.0000000331

0.0000000106

0.0000000331

0.0000000107

0.0000000332

0.0000000108

0.0000000333

0.0000000108

0.0000000334

0.0000000109

0.0000000334

0.000000011

0.0000000335

0.000000011

0.0000000336

0.0000000111

0.0000000337

0.0000000112

0.0000000337

0.0000000112

0.0000000338

0.0000000113

0.0000000339

0.0000000114

0.000000034

0.0000000114

0.000000034

0.0000000115

0.0000000341

0.0000000116

0.0000000342

0.0000000116

0.0000000343

0.0000000117

0.0000000343

0.0000000118

0.0000000344

0.0000000118

0.0000000345

0.0000000119

0.0000000346

0.000000012

0.0000000347

0.000000012

0.0000000347

0.0000000121

0.0000000348

0.0000000122

0.0000000349

0.0000000122

0.0000000349

0.0000000123

0.000000035

0.0000000124

0.0000000351

0.0000000124

0.0000000352

0.0000000125

0.0000000353

0.0000000126

0.0000000353

0.0000000126

0.0000000354

0.0000000127

0.0000000355

0.0000000128

0.0000000356

0.0000000128

0.0000000356

0.0000000129

0.0000000357

0.000000013

0.0000000358

0.000000013

0.0000000359

0.0000000131

0.0000000359

0.0000000132

0.000000036

0.0000000132

0.0000000361

0.0000000133

0.0000000362

0.0000000134

0.0000000362

0.0000000134

0.0000000363

0.0000000135

0.0000000364

0.0000000136

0.0000000365

0.0000000136

0.0000000365

0.0000000137

0.0000000366

0.0000000138

0.0000000367

0.0000000138

0.0000000368

0.0000000139

0.0000000368

0.000000014

0.0000000369

0.000000014

0.000000037

0.0000000141

0.0000000371

0.0000000142

0.0000000371

0.0000000142

0.0000000372

0.0000000143

0.0000000373

0.0000000144

0.0000000374

0.0000000144

0.0000000375

0.0000000145

0.0000000375

0.0000000146

0.0000000376

0.0000000146

0.0000000377

0.0000000147

0.0000000377

0.0000000148

0.0000000378

0.0000000148

0.0000000379

0.0000000149

0.000000038

0.000000015

0.000000038

0.000000015

0.0000000381

0.0000000151

0.0000000382

0.0000000152

0.0000000383

0.0000000152

0.0000000384

0.0000000153

0.0000000384

0.0000000154

0.0000000385

0.0000000154

0.0000000386

0.0000000155

0.0000000387

0.0000000156

0.0000000387

0.0000000157

0.0000000388

0.0000000157

0.0000000389

0.0000000158

0.000000039

0.0000000158

0.000000039

0.0000000159

0.0000000391

0.000000016

0.0000000392

0.0000000161

0.0000000393

0.0000000161

0.0000000393

0.0000000162

0.0000000394

0.0000000162

0.0000000395

0.0000000163

0.0000000396

0.0000000164

0.0000000396

0.0000000164

0.0000000397

0.0000000165

0.0000000398

0.0000000166

0.0000000399

0.0000000167

0.0000000399

0.0000000167

0.00000004

0.0000000168

0.0000000401

0.0000000168

0.0000000401

0.0000000169

0.0000000402

0.000000017

0.0000000403

0.0000000171

0.0000000404

0.0000000171

0.0000000404

0.0000000172

0.0000000405

0.0000000173

0.0000000406

0.0000000173

0.0000000407

0.0000000174

0.0000000407

0.0000000175

0.0000000408

0.0000000175

0.0000000409

0.0000000176

0.000000041

0.0000000177

0.000000041

0.0000000177

0.0000000411

0.0000000178

0.0000000412

0.0000000179

0.0000000413

0.0000000179

0.0000000413

0.000000018

0.0000000414

0.0000000181

0.0000000415

0.0000000181

0.0000000416

0.0000000182

0.0000000416

0.0000000183

0.0000000417

0.0000000183

0.0000000418

0.0000000184

0.0000000419

0.0000000185

0.0000000419

0.0000000185

0.000000042

0.0000000186

0.0000000421

0.0000000187

0.0000000421

0.0000000187

0.0000000422

0.0000000188

0.0000000423

0.0000000189

0.0000000424

0.0000000189

0.0000000424

0.000000019

0.0000000425

0.0000000191

0.0000000426

0.0000000191

0.0000000427

0.0000000192

0.0000000427

0.0000000193

0.0000000428

0.0000000194

0.0000000429

0.0000000194

0.000000043

0.0000000195

0.000000043

0.0000000195

0.0000000431

0.0000000196

0.0000000432

0.0000000197

0.0000000433

0.0000000198

0.0000000433

0.0000000198

0.0000000434

0.0000000199

0.0000000435

0.00000002

0.0000000436

0.00000002

0.0000000436

0.0000000201

0.0000000437

0.0000000202

0.0000000438

0.0000000202

0.0000000438

0.0000000203

0.0000000439

0.0000000204

0.000000044

0.0000000204

0.0000000441

0.0000000205

0.0000000442

0.0000000206

0.0000000442

0.0000000206

0.0000000443

0.0000000207

0.0000000444

0.0000000208

0.0000000444

0.0000000209

0.0000000445

0.0000000209

0.0000000446

0.000000021

0.0000000447

0.000000021

0.0000000447

0.0000000211

0.0000000448

0.0000000212

0.0000000449

0.0000000213

0.000000045

0.0000000213

0.000000045

0.0000000214

0.0000000451

0.0000000215

0.0000000452

0.0000000215

0.0000000453

0.0000000216

0.0000000453

0.0000000217

0.0000000454

0.0000000217

0.0000000455

0.0000000218

0.0000000456

0.0000000219

0.0000000456

0.0000000219

0.0000000457

0.000000022

0.0000000458

0.0000000221

0.0000000458

0.0000000221

0.0000000459

0.0000000222

0.000000046

0.0000000223

0.0000000461

0.0000000224

0.0000000461

0.0000000224

0.0000000462

0.0000000225

0.0000000463

0.0000000226

0.0000000464

0.0000000226

0.0000000464

0.0000000227

0.0000000465

0.0000000228

0.0000000466

0.0000000228

0.0000000467

0.0000000229

0.0000000467

0.000000023

0.0000000468

0.000000023

0.0000000469

0.0000000231

0.000000047

0.0000000232

0.000000047

0.0000000232

0.0000000471

0.0000000233

0.0000000472

0.0000000234

0.0000000473

0.0000000235

0.0000000473

0.0000000235

0.0000000474

0.0000000236

0.0000000475

0.0000000237

0.0000000476

0.0000000237

0.0000000476

0.0000000238

0.0000000477

0.0000000239

0.0000000478

0.0000000239

0.0000000479

0.000000024

0.0000000479

0.0000000241

0.000000048

0.0000000242

0.0000000481

0.0000000242

0.0000000481

0.0000000243

0.0000000482

0.0000000243

0.0000000483

0.0000000244

0.0000000484

0.0000000245

0.0000000484

0.0000000246

0.0000000485

0.0000000246

0.0000000486

0.0000000247

0.0000000487

0.0000000248

0.0000000487

0.0000000248



quenchprospecificheat

		Temp (K)		Nb3Sn		G10		Bronze		Copper

		0		0		0		0		0

		5.5		9801		7885		2677		1650

		6.5		1.22E+04		1.21E+04		4049		2470

		7.5		1.48E+04		1.75E+04		6306		3548

		8.5		1.78E+04		2.35E+04		9071		4925

		9.5		2.12E+04		2.90E+04		1.24E+04		6639

		10.5		2.50E+04		3.54E+04		1.69E+04		8730

		11.5		2.92E+04		4.25E+04		2.28E+04		1.12E+04

		12.5		3.40E+04		4.95E+04		2.87E+04		1.42E+04

		13.5		3.93E+04		5.65E+04		3.46E+04		1.76E+04

		14.5		4.52E+04		6.57E+04		4.04E+04		2.16E+04

		15.5		5.18E+04		7.69E+04		4.87E+04		2.62E+04

		16.5		5.90E+04		8.84E+04		5.93E+04		3.13E+04

		17.5		6.68E+04		1.00E+05		6.99E+04		3.71E+04

		18.5		7.61E+04		1.13E+05		8.05E+04		4.35E+04

		19.5		8.69E+04		1.27E+05		9.12E+04		5.06E+04

		20.5		9.73E+04		1.40E+05		1.05E+05		5.85E+04

		21.5		1.07E+05		1.51E+05		1.21E+05		6.70E+04

		22.5		1.18E+05		1.62E+05		1.38E+05		7.64E+04

		23.5		1.29E+05		1.73E+05		1.54E+05		8.66E+04

		24.5		1.43E+05		1.84E+05		1.71E+05		9.76E+04

		25.5		1.60E+05		2.02E+05		1.89E+05		1.10E+05

		26.5		1.78E+05		2.27E+05		2.10E+05		1.22E+05

		27.5		1.99E+05		2.51E+05		2.31E+05		1.36E+05

		28.5		2.16E+05		2.75E+05		2.51E+05		1.50E+05

		29.5		2.30E+05		2.99E+05		2.72E+05		1.66E+05

		30.5		2.45E+05		3.24E+05		2.97E+05		1.82E+05

		31.5		2.59E+05		3.48E+05		3.26E+05		1.99E+05

		32.5		2.73E+05		3.72E+05		3.55E+05		2.17E+05

		33.5		2.88E+05		3.97E+05		3.84E+05		2.37E+05

		34.5		3.02E+05		4.21E+05		4.13E+05		2.57E+05

		35.5		3.16E+05		4.45E+05		4.42E+05		2.78E+05

		36.5		3.31E+05		4.70E+05		4.70E+05		2.99E+05

		37.5		3.45E+05		4.94E+05		4.99E+05		3.22E+05

		38.5		3.59E+05		5.18E+05		5.28E+05		3.46E+05

		39.5		3.74E+05		5.43E+05		5.57E+05		3.70E+05

		40.5		3.88E+05		5.67E+05		5.88E+05		3.96E+05

		41.5		4.02E+05		5.91E+05		6.21E+05		4.22E+05

		42.5		4.17E+05		6.16E+05		6.55E+05		4.49E+05

		43.5		4.31E+05		6.40E+05		6.88E+05		4.77E+05

		44.5		4.45E+05		6.64E+05		7.21E+05		5.05E+05

		45.5		4.59E+05		6.89E+05		7.54E+05		5.35E+05

		46.5		4.74E+05		7.13E+05		7.87E+05		5.65E+05

		47.5		4.88E+05		7.37E+05		8.20E+05		5.95E+05

		48.5		5.02E+05		7.62E+05		8.53E+05		6.27E+05

		49.5		5.17E+05		7.86E+05		8.86E+05		6.58E+05

		50.5		5.29E+05		8.06E+05		9.19E+05		6.91E+05

		51.5		5.41E+05		8.22E+05		9.51E+05		7.24E+05

		52.5		5.52E+05		8.38E+05		9.82E+05		7.57E+05

		53.5		5.63E+05		8.54E+05		1.01E+06		7.91E+05

		54.5		5.74E+05		8.70E+05		1.05E+06		8.25E+05

		55.5		5.85E+05		8.86E+05		1.08E+06		8.60E+05

		56.5		5.96E+05		9.02E+05		1.11E+06		8.95E+05

		57.5		6.07E+05		9.18E+05		1.14E+06		9.30E+05

		58.5		6.18E+05		9.34E+05		1.17E+06		9.66E+05

		59.5		6.30E+05		9.50E+05		1.21E+06		1.00E+06

		60.5		6.41E+05		9.66E+05		1.24E+06		1.04E+06

		61.5		6.52E+05		9.82E+05		1.27E+06		1.07E+06

		62.5		6.63E+05		9.98E+05		1.30E+06		1.11E+06

		63.5		6.74E+05		1.01E+06		1.33E+06		1.15E+06

		64.5		6.85E+05		1.03E+06		1.36E+06		1.18E+06

		65.5		6.96E+05		1.05E+06		1.39E+06		1.22E+06

		66.5		7.07E+05		1.06E+06		1.42E+06		1.25E+06

		67.5		7.19E+05		1.08E+06		1.45E+06		1.29E+06

		68.5		7.30E+05		1.09E+06		1.48E+06		1.33E+06

		69.5		7.41E+05		1.11E+06		1.51E+06		1.36E+06

		70.5		7.52E+05		1.13E+06		1.54E+06		1.40E+06

		71.5		7.63E+05		1.14E+06		1.56E+06		1.43E+06

		72.5		7.74E+05		1.16E+06		1.59E+06		1.47E+06

		73.5		7.85E+05		1.17E+06		1.62E+06		1.50E+06

		74.5		7.96E+05		1.19E+06		1.64E+06		1.54E+06

		75.5		8.08E+05		1.21E+06		1.67E+06		1.57E+06

		76.5		8.19E+05		1.22E+06		1.70E+06		1.60E+06

		77.5		8.30E+05		1.24E+06		1.72E+06		1.64E+06

		78.5		8.41E+05		1.26E+06		1.75E+06		1.67E+06

		79.5		8.52E+05		1.27E+06		1.77E+06		1.70E+06

		80.5		8.63E+05		1.29E+06		1.80E+06		1.74E+06

		81.5		8.74E+05		1.31E+06		1.82E+06		1.77E+06

		82.5		8.85E+05		1.32E+06		1.84E+06		1.80E+06

		83.5		8.97E+05		1.34E+06		1.87E+06		1.83E+06

		84.5		9.08E+05		1.36E+06		1.89E+06		1.86E+06

		85.5		9.19E+05		1.37E+06		1.91E+06		1.89E+06

		86.5		9.30E+05		1.39E+06		1.93E+06		1.92E+06

		87.5		9.41E+05		1.41E+06		1.95E+06		1.95E+06

		88.5		9.52E+05		1.42E+06		1.98E+06		1.98E+06

		89.5		9.63E+05		1.44E+06		2.00E+06		2.01E+06

		90.5		9.74E+05		1.46E+06		2.02E+06		2.03E+06

		91.5		9.85E+05		1.47E+06		2.04E+06		2.06E+06

		92.5		9.97E+05		1.49E+06		2.05E+06		2.09E+06

		93.5		1.01E+06		1.51E+06		2.07E+06		2.12E+06

		94.5		1.02E+06		1.52E+06		2.09E+06		2.14E+06

		95.5		1.03E+06		1.54E+06		2.11E+06		2.17E+06

		96.5		1.04E+06		1.56E+06		2.13E+06		2.19E+06

		97.5		1.05E+06		1.57E+06		2.15E+06		2.22E+06

		98.5		1.06E+06		1.59E+06		2.16E+06		2.24E+06

		99.5		1.07E+06		1.61E+06		2.18E+06		2.27E+06

		100.5		1.08E+06		1.62E+06		2.20E+06		2.29E+06

		101.5		1.09E+06		1.63E+06		2.21E+06		2.31E+06

		102.5		1.09E+06		1.64E+06		2.22E+06		2.33E+06

		103.5		1.10E+06		1.65E+06		2.23E+06		2.36E+06

		104.5		1.10E+06		1.66E+06		2.24E+06		2.38E+06

		105.5		1.11E+06		1.67E+06		2.25E+06		2.40E+06

		106.5		1.12E+06		1.69E+06		2.26E+06		2.42E+06

		107.5		1.12E+06		1.70E+06		2.28E+06		2.44E+06

		108.5		1.13E+06		1.71E+06		2.29E+06		2.46E+06

		109.5		1.13E+06		1.72E+06		2.30E+06		2.48E+06

		110.5		1.14E+06		1.73E+06		2.31E+06		2.50E+06

		111.5		1.14E+06		1.74E+06		2.32E+06		2.52E+06

		112.5		1.15E+06		1.75E+06		2.33E+06		2.53E+06

		113.5		1.15E+06		1.76E+06		2.34E+06		2.55E+06

		114.5		1.16E+06		1.77E+06		2.35E+06		2.57E+06

		115.5		1.16E+06		1.78E+06		2.37E+06		2.59E+06

		116.5		1.17E+06		1.79E+06		2.38E+06		2.60E+06

		117.5		1.18E+06		1.80E+06		2.39E+06		2.62E+06

		118.5		1.18E+06		1.81E+06		2.40E+06		2.64E+06

		119.5		1.19E+06		1.83E+06		2.41E+06		2.65E+06

		120.5		1.19E+06		1.84E+06		2.42E+06		2.67E+06

		121.5		1.19E+06		1.85E+06		2.43E+06		2.68E+06

		122.5		1.19E+06		1.86E+06		2.44E+06		2.70E+06

		123.5		1.20E+06		1.87E+06		2.46E+06		2.71E+06

		124.5		1.20E+06		1.88E+06		2.47E+06		2.72E+06

		125.5		1.20E+06		1.89E+06		2.48E+06		2.74E+06

		126.5		1.20E+06		1.90E+06		2.49E+06		2.75E+06

		127.5		1.20E+06		1.91E+06		2.50E+06		2.76E+06

		128.5		1.21E+06		1.92E+06		2.51E+06		2.78E+06

		129.5		1.21E+06		1.93E+06		2.52E+06		2.79E+06

		130.5		1.21E+06		1.94E+06		2.53E+06		2.80E+06

		131.5		1.21E+06		1.95E+06		2.54E+06		2.81E+06

		132.5		1.22E+06		1.97E+06		2.56E+06		2.83E+06

		133.5		1.22E+06		1.98E+06		2.57E+06		2.84E+06

		134.5		1.22E+06		1.99E+06		2.58E+06		2.85E+06

		135.5		1.22E+06		2.00E+06		2.59E+06		2.86E+06

		136.5		1.22E+06		2.01E+06		2.60E+06		2.87E+06

		137.5		1.23E+06		2.02E+06		2.61E+06		2.88E+06

		138.5		1.23E+06		2.03E+06		2.62E+06		2.89E+06

		139.5		1.23E+06		2.04E+06		2.63E+06		2.90E+06

		140.5		1.23E+06		2.05E+06		2.65E+06		2.91E+06

		141.5		1.23E+06		2.06E+06		2.66E+06		2.92E+06

		142.5		1.24E+06		2.07E+06		2.67E+06		2.93E+06

		143.5		1.24E+06		2.08E+06		2.68E+06		2.94E+06

		144.5		1.24E+06		2.09E+06		2.69E+06		2.95E+06

		145.5		1.24E+06		2.11E+06		2.70E+06		2.96E+06

		146.5		1.25E+06		2.12E+06		2.71E+06		2.97E+06

		147.5		1.25E+06		2.13E+06		2.72E+06		2.97E+06

		148.5		1.25E+06		2.14E+06		2.74E+06		2.98E+06

		149.5		1.25E+06		2.15E+06		2.75E+06		2.99E+06

		150.5		1.25E+06		2.16E+06		2.76E+06		3.00E+06

		151.5		1.26E+06		2.17E+06		2.76E+06		3.01E+06

		152.5		1.26E+06		2.18E+06		2.77E+06		3.01E+06

		153.5		1.26E+06		2.19E+06		2.77E+06		3.02E+06

		154.5		1.26E+06		2.20E+06		2.78E+06		3.03E+06

		155.5		1.26E+06		2.21E+06		2.78E+06		3.04E+06

		156.5		1.27E+06		2.22E+06		2.79E+06		3.04E+06

		157.5		1.27E+06		2.23E+06		2.79E+06		3.05E+06

		158.5		1.27E+06		2.25E+06		2.80E+06		3.06E+06

		159.5		1.27E+06		2.26E+06		2.80E+06		3.06E+06

		160.5		1.27E+06		2.27E+06		2.81E+06		3.07E+06

		161.5		1.28E+06		2.28E+06		2.81E+06		3.08E+06

		162.5		1.28E+06		2.29E+06		2.82E+06		3.08E+06

		163.5		1.28E+06		2.30E+06		2.82E+06		3.09E+06

		164.5		1.28E+06		2.31E+06		2.83E+06		3.09E+06

		165.5		1.28E+06		2.32E+06		2.84E+06		3.10E+06

		166.5		1.29E+06		2.33E+06		2.84E+06		3.11E+06

		167.5		1.29E+06		2.34E+06		2.85E+06		3.11E+06

		168.5		1.29E+06		2.35E+06		2.85E+06		3.12E+06

		169.5		1.29E+06		2.36E+06		2.86E+06		3.12E+06

		170.5		1.29E+06		2.37E+06		2.86E+06		3.13E+06

		171.5		1.30E+06		2.39E+06		2.87E+06		3.13E+06

		172.5		1.30E+06		2.40E+06		2.87E+06		3.14E+06

		173.5		1.30E+06		2.41E+06		2.88E+06		3.14E+06

		174.5		1.30E+06		2.42E+06		2.88E+06		3.15E+06

		175.5		1.30E+06		2.43E+06		2.89E+06		3.15E+06

		176.5		1.30E+06		2.44E+06		2.89E+06		3.16E+06

		177.5		1.31E+06		2.45E+06		2.90E+06		3.16E+06

		178.5		1.31E+06		2.46E+06		2.90E+06		3.17E+06

		179.5		1.31E+06		2.47E+06		2.91E+06		3.17E+06

		180.5		1.31E+06		2.48E+06		2.91E+06		3.17E+06

		181.5		1.31E+06		2.49E+06		2.92E+06		3.18E+06

		182.5		1.32E+06		2.50E+06		2.93E+06		3.18E+06

		183.5		1.32E+06		2.51E+06		2.93E+06		3.19E+06

		184.5		1.32E+06		2.53E+06		2.94E+06		3.19E+06

		185.5		1.32E+06		2.54E+06		2.94E+06		3.20E+06

		186.5		1.32E+06		2.55E+06		2.95E+06		3.20E+06

		187.5		1.33E+06		2.56E+06		2.95E+06		3.20E+06

		188.5		1.33E+06		2.57E+06		2.96E+06		3.21E+06

		189.5		1.33E+06		2.58E+06		2.96E+06		3.21E+06

		190.5		1.33E+06		2.59E+06		2.97E+06		3.21E+06

		191.5		1.33E+06		2.60E+06		2.97E+06		3.22E+06

		192.5		1.34E+06		2.61E+06		2.98E+06		3.22E+06

		193.5		1.34E+06		2.62E+06		2.98E+06		3.22E+06

		194.5		1.34E+06		2.63E+06		2.99E+06		3.23E+06

		195.5		1.34E+06		2.64E+06		2.99E+06		3.23E+06

		196.5		1.34E+06		2.65E+06		3.00E+06		3.23E+06

		197.5		1.35E+06		2.67E+06		3.01E+06		3.24E+06

		198.5		1.35E+06		2.68E+06		3.01E+06		3.24E+06

		199.5		1.35E+06		2.69E+06		3.02E+06		3.24E+06

		200.5		1.35E+06		2.70E+06		3.02E+06		3.25E+06

		201.5		1.35E+06		2.71E+06		3.02E+06		3.25E+06

		202.5		1.35E+06		2.72E+06		3.03E+06		3.25E+06

		203.5		1.35E+06		2.73E+06		3.03E+06		3.25E+06

		204.5		1.35E+06		2.74E+06		3.03E+06		3.26E+06

		205.5		1.35E+06		2.75E+06		3.03E+06		3.26E+06

		206.5		1.35E+06		2.76E+06		3.04E+06		3.26E+06

		207.5		1.36E+06		2.77E+06		3.04E+06		3.27E+06

		208.5		1.36E+06		2.78E+06		3.04E+06		3.27E+06

		209.5		1.36E+06		2.79E+06		3.05E+06		3.27E+06

		210.5		1.36E+06		2.81E+06		3.05E+06		3.27E+06

		211.5		1.36E+06		2.82E+06		3.05E+06		3.28E+06

		212.5		1.36E+06		2.83E+06		3.06E+06		3.28E+06

		213.5		1.36E+06		2.84E+06		3.06E+06		3.28E+06

		214.5		1.36E+06		2.85E+06		3.06E+06		3.28E+06

		215.5		1.36E+06		2.86E+06		3.06E+06		3.28E+06

		216.5		1.36E+06		2.87E+06		3.07E+06		3.29E+06

		217.5		1.36E+06		2.88E+06		3.07E+06		3.29E+06

		218.5		1.36E+06		2.89E+06		3.07E+06		3.29E+06

		219.5		1.36E+06		2.90E+06		3.08E+06		3.29E+06

		220.5		1.36E+06		2.91E+06		3.08E+06		3.30E+06

		221.5		1.36E+06		2.92E+06		3.08E+06		3.30E+06

		222.5		1.37E+06		2.93E+06		3.08E+06		3.30E+06

		223.5		1.37E+06		2.95E+06		3.09E+06		3.30E+06

		224.5		1.37E+06		2.96E+06		3.09E+06		3.30E+06

		225.5		1.37E+06		2.97E+06		3.09E+06		3.31E+06

		226.5		1.37E+06		2.98E+06		3.10E+06		3.31E+06

		227.5		1.37E+06		2.99E+06		3.10E+06		3.31E+06

		228.5		1.37E+06		3.00E+06		3.10E+06		3.31E+06

		229.5		1.37E+06		3.01E+06		3.11E+06		3.31E+06

		230.5		1.37E+06		3.02E+06		3.11E+06		3.31E+06

		231.5		1.37E+06		3.03E+06		3.11E+06		3.32E+06

		232.5		1.37E+06		3.04E+06		3.11E+06		3.32E+06

		233.5		1.37E+06		3.05E+06		3.12E+06		3.32E+06

		234.5		1.37E+06		3.06E+06		3.12E+06		3.32E+06

		235.5		1.37E+06		3.07E+06		3.12E+06		3.32E+06

		236.5		1.37E+06		3.09E+06		3.13E+06		3.32E+06

		237.5		1.37E+06		3.10E+06		3.13E+06		3.33E+06

		238.5		1.38E+06		3.11E+06		3.13E+06		3.33E+06

		239.5		1.38E+06		3.12E+06		3.13E+06		3.33E+06

		240.5		1.38E+06		3.13E+06		3.14E+06		3.33E+06

		241.5		1.38E+06		3.14E+06		3.14E+06		3.33E+06

		242.5		1.38E+06		3.15E+06		3.14E+06		3.33E+06

		243.5		1.38E+06		3.16E+06		3.15E+06		3.33E+06

		244.5		1.38E+06		3.17E+06		3.15E+06		3.34E+06

		245.5		1.38E+06		3.18E+06		3.15E+06		3.34E+06

		246.5		1.38E+06		3.19E+06		3.15E+06		3.34E+06

		247.5		1.38E+06		3.20E+06		3.16E+06		3.34E+06

		248.5		1.38E+06		3.21E+06		3.16E+06		3.34E+06

		249.5		1.38E+06		3.23E+06		3.16E+06		3.34E+06

		250.5		1.38E+06		3.24E+06		3.17E+06		3.34E+06

		251.5		1.38E+06		3.25E+06		3.17E+06		3.35E+06

		252.5		1.38E+06		3.26E+06		3.17E+06		3.35E+06

		253.5		1.39E+06		3.28E+06		3.17E+06		3.35E+06

		254.5		1.39E+06		3.29E+06		3.18E+06		3.35E+06

		255.5		1.39E+06		3.30E+06		3.18E+06		3.35E+06

		256.5		1.39E+06		3.32E+06		3.18E+06		3.35E+06

		257.5		1.39E+06		3.33E+06		3.18E+06		3.35E+06

		258.5		1.39E+06		3.34E+06		3.18E+06		3.35E+06

		259.5		1.39E+06		3.36E+06		3.19E+06		3.36E+06

		260.5		1.39E+06		3.37E+06		3.19E+06		3.36E+06

		261.5		1.39E+06		3.38E+06		3.19E+06		3.36E+06

		262.5		1.39E+06		3.40E+06		3.19E+06		3.36E+06

		263.5		1.39E+06		3.41E+06		3.19E+06		3.36E+06

		264.5		1.39E+06		3.42E+06		3.20E+06		3.36E+06

		265.5		1.39E+06		3.44E+06		3.20E+06		3.36E+06

		266.5		1.39E+06		3.45E+06		3.20E+06		3.36E+06

		267.5		1.39E+06		3.46E+06		3.20E+06		3.36E+06

		268.5		1.39E+06		3.48E+06		3.21E+06		3.36E+06

		269.5		1.40E+06		3.49E+06		3.21E+06		3.37E+06

		270.5		1.40E+06		3.50E+06		3.21E+06		3.37E+06

		271.5		1.40E+06		3.52E+06		3.21E+06		3.37E+06

		272.5		1.40E+06		3.53E+06		3.21E+06		3.37E+06

		273.5		1.40E+06		3.54E+06		3.22E+06		3.37E+06

		274.5		1.40E+06		3.56E+06		3.22E+06		3.37E+06

		275.5		1.40E+06		3.57E+06		3.22E+06		3.37E+06

		276.5		1.40E+06		3.58E+06		3.22E+06		3.37E+06

		277.5		1.40E+06		3.60E+06		3.23E+06		3.37E+06

		278.5		1.40E+06		3.61E+06		3.23E+06		3.37E+06

		279.5		1.40E+06		3.62E+06		3.23E+06		3.37E+06

		280.5		1.40E+06		3.64E+06		3.23E+06		3.38E+06

		281.5		1.40E+06		3.65E+06		3.23E+06		3.38E+06

		282.5		1.40E+06		3.66E+06		3.24E+06		3.38E+06

		283.5		1.40E+06		3.68E+06		3.24E+06		3.38E+06

		284.5		1.41E+06		3.69E+06		3.24E+06		3.38E+06

		285.5		1.41E+06		3.70E+06		3.24E+06		3.38E+06

		286.5		1.41E+06		3.72E+06		3.25E+06		3.38E+06

		287.5		1.41E+06		3.73E+06		3.25E+06		3.38E+06

		288.5		1.41E+06		3.74E+06		3.25E+06		3.38E+06

		289.5		1.41E+06		3.76E+06		3.25E+06		3.38E+06

		290.5		1.41E+06		3.77E+06		3.25E+06		3.38E+06

		291.5		1.41E+06		3.78E+06		3.26E+06		3.38E+06

		292.5		1.41E+06		3.80E+06		3.26E+06		3.38E+06

		293.5		1.41E+06		3.81E+06		3.26E+06		3.39E+06

		294.5		1.41E+06		3.82E+06		3.26E+06		3.39E+06

		295.5		1.41E+06		3.84E+06		3.27E+06		3.39E+06

		296.5		1.41E+06		3.85E+06		3.27E+06		3.39E+06

		297.5		1.41E+06		3.86E+06		3.27E+06		3.39E+06

		298.5		1.41E+06		3.88E+06		3.27E+06		3.39E+06

		299.5		1.41E+06		3.89E+06		3.27E+06		3.39E+06

		300.5		1.42E+06		3.90E+06		3.28E+06		3.39E+06

		301.5		1.42E+06		3.90E+06		3.28E+06		3.39E+06

		302.5		1.42E+06		3.90E+06		3.29E+06		3.39E+06

		303.5		1.42E+06		3.90E+06		3.29E+06		3.39E+06

		304.5		1.42E+06		3.90E+06		3.30E+06		3.39E+06

		305.5		1.42E+06		3.90E+06		3.30E+06		3.39E+06

		306.5		1.42E+06		3.90E+06		3.31E+06		3.39E+06

		307.5		1.42E+06		3.90E+06		3.31E+06		3.39E+06

		308.5		1.42E+06		3.90E+06		3.32E+06		3.39E+06

		309.5		1.42E+06		3.90E+06		3.33E+06		3.40E+06

		310.5		1.42E+06		3.90E+06		3.33E+06		3.40E+06

		311.5		1.42E+06		3.90E+06		3.34E+06		3.40E+06

		312.5		1.42E+06		3.90E+06		3.34E+06		3.40E+06

		313.5		1.42E+06		3.90E+06		3.35E+06		3.40E+06

		314.5		1.42E+06		3.90E+06		3.35E+06		3.40E+06

		315.5		1.43E+06		3.90E+06		3.36E+06		3.40E+06

		316.5		1.43E+06		3.90E+06		3.36E+06		3.40E+06

		317.5		1.43E+06		3.90E+06		3.37E+06		3.40E+06

		318.5		1.43E+06		3.90E+06		3.37E+06		3.40E+06

		319.5		1.43E+06		3.90E+06		3.38E+06		3.40E+06

		320.5		1.43E+06		3.90E+06		3.38E+06		3.40E+06

		321.5		1.43E+06		3.90E+06		3.39E+06		3.40E+06

		322.5		1.43E+06		3.90E+06		3.39E+06		3.40E+06

		323.5		1.43E+06		3.90E+06		3.40E+06		3.40E+06

		324.5		1.43E+06		3.90E+06		3.41E+06		3.40E+06

		325.5		1.43E+06		3.90E+06		3.41E+06		3.40E+06

		326.5		1.43E+06		3.90E+06		3.42E+06		3.40E+06

		327.5		1.43E+06		3.90E+06		3.42E+06		3.40E+06

		328.5		1.43E+06		3.90E+06		3.43E+06		3.40E+06

		329.5		1.43E+06		3.90E+06		3.43E+06		3.41E+06

		330.5		1.44E+06		3.90E+06		3.44E+06		3.41E+06

		331.5		1.44E+06		3.90E+06		3.44E+06		3.41E+06

		332.5		1.44E+06		3.90E+06		3.45E+06		3.41E+06

		333.5		1.44E+06		3.90E+06		3.45E+06		3.41E+06

		334.5		1.44E+06		3.90E+06		3.46E+06		3.41E+06

		335.5		1.44E+06		3.90E+06		3.46E+06		3.41E+06

		336.5		1.44E+06		3.90E+06		3.47E+06		3.41E+06

		337.5		1.44E+06		3.90E+06		3.47E+06		3.41E+06

		338.5		1.44E+06		3.90E+06		3.48E+06		3.41E+06

		339.5		1.44E+06		3.90E+06		3.48E+06		3.41E+06

		340.5		1.44E+06		3.90E+06		3.49E+06		3.41E+06

		341.5		1.44E+06		3.90E+06		3.50E+06		3.41E+06

		342.5		1.44E+06		3.90E+06		3.50E+06		3.41E+06

		343.5		1.44E+06		3.90E+06		3.51E+06		3.41E+06

		344.5		1.44E+06		3.90E+06		3.51E+06		3.41E+06

		345.5		1.44E+06		3.90E+06		3.52E+06		3.41E+06

		346.5		1.45E+06		3.90E+06		3.52E+06		3.41E+06

		347.5		1.45E+06		3.90E+06		3.53E+06		3.41E+06

		348.5		1.45E+06		3.90E+06		3.53E+06		3.41E+06

		349.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		350.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		351.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		352.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		353.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		354.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		355.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		356.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		357.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		358.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		359.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		360.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		361.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		362.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		363.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		364.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		365.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		366.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		367.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		368.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		369.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		370.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		371.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		372.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		373.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		374.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		375.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		376.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		377.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		378.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		379.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		380.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		381.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		382.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		383.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		384.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		385.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		386.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		387.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		388.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		389.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		390.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		391.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		392.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		393.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		394.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		395.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		396.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		397.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		398.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		399.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		400.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		401.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		402.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		403.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		404.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06





quenchprospecificheat

		



Nb3Sn

G10

Bronze

Copper

Temperature (K)

specific heat (J/K/m3)



quenchproresistivities

		Temp (K)		Copper RRR=10, B=2T		Copper RRR=50, B=2T		Copper RRR=100, B=2T		Bronze

		0		0		0		0		0

		5.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		6.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		7.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		8.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		9.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		10.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		11.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		12.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		13.5		3.99E-10		3.99E-10		3.99E-10		2.12E-08

		14.5		4.00E-10		4.00E-10		4.00E-10		2.12E-08

		15.5		4.01E-10		4.01E-10		4.01E-10		2.12E-08

		16.5		4.02E-10		4.02E-10		4.02E-10		2.12E-08

		17.5		4.03E-10		4.03E-10		4.03E-10		2.12E-08

		18.5		4.05E-10		4.05E-10		4.05E-10		2.12E-08

		19.5		4.07E-10		4.07E-10		4.07E-10		2.12E-08

		20.5		4.10E-10		4.10E-10		4.10E-10		2.12E-08

		21.5		4.13E-10		4.13E-10		4.13E-10		2.13E-08

		22.5		4.16E-10		4.16E-10		4.16E-10		2.13E-08

		23.5		4.20E-10		4.20E-10		4.20E-10		2.14E-08

		24.5		4.25E-10		4.25E-10		4.25E-10		2.14E-08

		25.5		4.30E-10		4.30E-10		4.30E-10		2.15E-08

		26.5		4.36E-10		4.36E-10		4.36E-10		2.15E-08

		27.5		4.43E-10		4.43E-10		4.43E-10		2.16E-08

		28.5		4.51E-10		4.51E-10		4.51E-10		2.16E-08

		29.5		4.60E-10		4.60E-10		4.60E-10		2.17E-08

		30.5		4.70E-10		4.70E-10		4.70E-10		2.17E-08

		31.5		4.81E-10		4.81E-10		4.81E-10		2.18E-08

		32.5		4.93E-10		4.93E-10		4.93E-10		2.18E-08

		33.5		5.06E-10		5.06E-10		5.06E-10		2.18E-08

		34.5		5.21E-10		5.21E-10		5.21E-10		2.19E-08

		35.5		5.37E-10		5.37E-10		5.37E-10		2.19E-08

		36.5		5.54E-10		5.54E-10		5.54E-10		2.20E-08

		37.5		5.73E-10		5.73E-10		5.73E-10		2.20E-08

		38.5		5.94E-10		5.94E-10		5.94E-10		2.21E-08

		39.5		6.16E-10		6.16E-10		6.16E-10		2.21E-08

		40.5		6.39E-10		6.39E-10		6.39E-10		2.22E-08

		41.5		6.65E-10		6.65E-10		6.65E-10		2.22E-08

		42.5		6.91E-10		6.91E-10		6.91E-10		2.23E-08

		43.5		7.20E-10		7.20E-10		7.20E-10		2.23E-08

		44.5		7.49E-10		7.49E-10		7.49E-10		2.24E-08

		45.5		7.80E-10		7.80E-10		7.80E-10		2.24E-08

		46.5		8.13E-10		8.13E-10		8.13E-10		2.24E-08

		47.5		8.46E-10		8.46E-10		8.46E-10		2.25E-08

		48.5		8.81E-10		8.81E-10		8.81E-10		2.25E-08

		49.5		9.17E-10		9.17E-10		9.17E-10		2.26E-08

		50.5		9.54E-10		9.54E-10		9.54E-10		2.26E-08

		51.5		9.92E-10		9.92E-10		9.92E-10		2.27E-08

		52.5		1.03E-09		1.03E-09		1.03E-09		2.27E-08

		53.5		1.07E-09		1.07E-09		1.07E-09		2.28E-08

		54.5		1.11E-09		1.11E-09		1.11E-09		2.28E-08

		55.5		1.16E-09		1.16E-09		1.16E-09		2.29E-08

		56.5		1.20E-09		1.20E-09		1.20E-09		2.29E-08

		57.5		1.24E-09		1.24E-09		1.24E-09		2.30E-08

		58.5		1.29E-09		1.29E-09		1.29E-09		2.30E-08

		59.5		1.34E-09		1.34E-09		1.34E-09		2.31E-08

		60.5		1.39E-09		1.39E-09		1.39E-09		2.31E-08

		61.5		1.44E-09		1.44E-09		1.44E-09		2.31E-08

		62.5		1.49E-09		1.49E-09		1.49E-09		2.32E-08

		63.5		1.54E-09		1.54E-09		1.54E-09		2.32E-08

		64.5		1.59E-09		1.59E-09		1.59E-09		2.33E-08

		65.5		1.65E-09		1.65E-09		1.65E-09		2.33E-08

		66.5		1.70E-09		1.70E-09		1.70E-09		2.34E-08

		67.5		1.76E-09		1.76E-09		1.76E-09		2.34E-08

		68.5		1.82E-09		1.82E-09		1.82E-09		2.35E-08

		69.5		1.88E-09		1.88E-09		1.88E-09		2.35E-08

		70.5		1.94E-09		1.94E-09		1.94E-09		2.36E-08

		71.5		2.00E-09		2.00E-09		2.00E-09		2.36E-08

		72.5		2.06E-09		2.06E-09		2.06E-09		2.37E-08

		73.5		2.12E-09		2.12E-09		2.12E-09		2.37E-08

		74.5		2.18E-09		2.18E-09		2.18E-09		2.37E-08

		75.5		2.25E-09		2.25E-09		2.25E-09		2.38E-08

		76.5		2.31E-09		2.31E-09		2.31E-09		2.39E-08

		77.5		2.38E-09		2.38E-09		2.38E-09		2.39E-08

		78.5		2.45E-09		2.45E-09		2.45E-09		2.40E-08

		79.5		2.51E-09		2.51E-09		2.51E-09		2.41E-08

		80.5		2.58E-09		2.58E-09		2.58E-09		2.42E-08

		81.5		2.65E-09		2.65E-09		2.65E-09		2.43E-08

		82.5		2.72E-09		2.72E-09		2.72E-09		2.43E-08

		83.5		2.79E-09		2.79E-09		2.79E-09		2.44E-08

		84.5		2.86E-09		2.86E-09		2.86E-09		2.45E-08

		85.5		2.93E-09		2.93E-09		2.93E-09		2.46E-08

		86.5		3.00E-09		3.00E-09		3.00E-09		2.46E-08

		87.5		3.07E-09		3.07E-09		3.07E-09		2.47E-08

		88.5		3.14E-09		3.14E-09		3.14E-09		2.48E-08

		89.5		3.21E-09		3.21E-09		3.21E-09		2.49E-08

		90.5		3.28E-09		3.28E-09		3.28E-09		2.50E-08

		91.5		3.36E-09		3.36E-09		3.36E-09		2.50E-08

		92.5		3.43E-09		3.43E-09		3.43E-09		2.51E-08

		93.5		3.50E-09		3.50E-09		3.50E-09		2.52E-08

		94.5		3.58E-09		3.58E-09		3.58E-09		2.53E-08

		95.5		3.65E-09		3.65E-09		3.65E-09		2.53E-08

		96.5		3.72E-09		3.72E-09		3.72E-09		2.54E-08

		97.5		3.80E-09		3.80E-09		3.80E-09		2.55E-08

		98.5		3.87E-09		3.87E-09		3.87E-09		2.56E-08

		99.5		3.94E-09		3.94E-09		3.94E-09		2.57E-08

		100.5		4.02E-09		4.02E-09		4.02E-09		2.57E-08

		101.5		4.09E-09		4.09E-09		4.09E-09		2.58E-08

		102.5		4.17E-09		4.17E-09		4.17E-09		2.59E-08

		103.5		4.24E-09		4.24E-09		4.24E-09		2.60E-08

		104.5		4.31E-09		4.31E-09		4.31E-09		2.60E-08

		105.5		4.39E-09		4.39E-09		4.39E-09		2.61E-08

		106.5		4.46E-09		4.46E-09		4.46E-09		2.62E-08

		107.5		4.54E-09		4.54E-09		4.54E-09		2.63E-08

		108.5		4.61E-09		4.61E-09		4.61E-09		2.64E-08

		109.5		4.68E-09		4.68E-09		4.68E-09		2.64E-08

		110.5		4.76E-09		4.76E-09		4.76E-09		2.65E-08

		111.5		4.83E-09		4.83E-09		4.83E-09		2.66E-08

		112.5		4.90E-09		4.90E-09		4.90E-09		2.67E-08

		113.5		4.98E-09		4.98E-09		4.98E-09		2.67E-08

		114.5		5.05E-09		5.05E-09		5.05E-09		2.68E-08

		115.5		5.13E-09		5.13E-09		5.13E-09		2.69E-08

		116.5		5.20E-09		5.20E-09		5.20E-09		2.70E-08

		117.5		5.27E-09		5.27E-09		5.27E-09		2.71E-08

		118.5		5.35E-09		5.35E-09		5.35E-09		2.71E-08

		119.5		5.42E-09		5.42E-09		5.42E-09		2.72E-08

		120.5		5.49E-09		5.49E-09		5.49E-09		2.73E-08

		121.5		5.56E-09		5.56E-09		5.56E-09		2.74E-08

		122.5		5.64E-09		5.64E-09		5.64E-09		2.75E-08

		123.5		5.71E-09		5.71E-09		5.71E-09		2.75E-08

		124.5		5.78E-09		5.78E-09		5.78E-09		2.76E-08

		125.5		5.86E-09		5.86E-09		5.86E-09		2.77E-08

		126.5		5.93E-09		5.93E-09		5.93E-09		2.78E-08

		127.5		6.00E-09		6.00E-09		6.00E-09		2.78E-08

		128.5		6.07E-09		6.07E-09		6.07E-09		2.79E-08

		129.5		6.14E-09		6.14E-09		6.14E-09		2.80E-08

		130.5		6.22E-09		6.22E-09		6.22E-09		2.81E-08

		131.5		6.29E-09		6.29E-09		6.29E-09		2.82E-08

		132.5		6.36E-09		6.36E-09		6.36E-09		2.82E-08

		133.5		6.43E-09		6.43E-09		6.43E-09		2.83E-08

		134.5		6.50E-09		6.50E-09		6.50E-09		2.84E-08

		135.5		6.57E-09		6.57E-09		6.57E-09		2.85E-08

		136.5		6.65E-09		6.65E-09		6.65E-09		2.85E-08

		137.5		6.72E-09		6.72E-09		6.72E-09		2.86E-08

		138.5		6.79E-09		6.79E-09		6.79E-09		2.87E-08

		139.5		6.86E-09		6.86E-09		6.86E-09		2.88E-08

		140.5		6.93E-09		6.93E-09		6.93E-09		2.89E-08

		141.5		7.00E-09		7.00E-09		7.00E-09		2.89E-08

		142.5		7.07E-09		7.07E-09		7.07E-09		2.90E-08

		143.5		7.14E-09		7.14E-09		7.14E-09		2.91E-08

		144.5		7.21E-09		7.21E-09		7.21E-09		2.92E-08

		145.5		7.28E-09		7.28E-09		7.28E-09		2.92E-08

		146.5		7.35E-09		7.35E-09		7.35E-09		2.93E-08

		147.5		7.42E-09		7.42E-09		7.42E-09		2.94E-08

		148.5		7.49E-09		7.49E-09		7.49E-09		2.95E-08

		149.5		7.56E-09		7.56E-09		7.56E-09		2.96E-08

		150.5		7.63E-09		7.63E-09		7.63E-09		2.96E-08

		151.5		7.70E-09		7.70E-09		7.70E-09		2.97E-08

		152.5		7.77E-09		7.77E-09		7.77E-09		2.98E-08

		153.5		7.84E-09		7.84E-09		7.84E-09		2.99E-08

		154.5		7.91E-09		7.91E-09		7.91E-09		2.99E-08

		155.5		7.98E-09		7.98E-09		7.98E-09		3.00E-08

		156.5		8.05E-09		8.05E-09		8.05E-09		3.01E-08

		157.5		8.12E-09		8.12E-09		8.12E-09		3.02E-08

		158.5		8.19E-09		8.19E-09		8.19E-09		3.03E-08

		159.5		8.26E-09		8.26E-09		8.26E-09		3.03E-08

		160.5		8.32E-09		8.32E-09		8.32E-09		3.04E-08

		161.5		8.39E-09		8.39E-09		8.39E-09		3.05E-08

		162.5		8.46E-09		8.46E-09		8.46E-09		3.06E-08

		163.5		8.53E-09		8.53E-09		8.53E-09		3.07E-08

		164.5		8.60E-09		8.60E-09		8.60E-09		3.07E-08

		165.5		8.67E-09		8.67E-09		8.67E-09		3.08E-08

		166.5		8.74E-09		8.74E-09		8.74E-09		3.09E-08

		167.5		8.81E-09		8.81E-09		8.81E-09		3.10E-08

		168.5		8.87E-09		8.87E-09		8.87E-09		3.10E-08

		169.5		8.94E-09		8.94E-09		8.94E-09		3.11E-08

		170.5		9.01E-09		9.01E-09		9.01E-09		3.12E-08

		171.5		9.08E-09		9.08E-09		9.08E-09		3.13E-08

		172.5		9.15E-09		9.15E-09		9.15E-09		3.14E-08

		173.5		9.21E-09		9.21E-09		9.21E-09		3.14E-08

		174.5		9.28E-09		9.28E-09		9.28E-09		3.15E-08

		175.5		9.35E-09		9.35E-09		9.35E-09		3.16E-08

		176.5		9.42E-09		9.42E-09		9.42E-09		3.17E-08

		177.5		9.49E-09		9.49E-09		9.49E-09		3.17E-08

		178.5		9.55E-09		9.55E-09		9.55E-09		3.18E-08

		179.5		9.62E-09		9.62E-09		9.62E-09		3.19E-08

		180.5		9.69E-09		9.69E-09		9.69E-09		3.20E-08

		181.5		9.76E-09		9.76E-09		9.76E-09		3.21E-08

		182.5		9.83E-09		9.83E-09		9.83E-09		3.21E-08

		183.5		9.89E-09		9.89E-09		9.89E-09		3.22E-08

		184.5		9.96E-09		9.96E-09		9.96E-09		3.23E-08

		185.5		1.00E-08		1.00E-08		1.00E-08		3.24E-08

		186.5		1.01E-08		1.01E-08		1.01E-08		3.24E-08

		187.5		1.02E-08		1.02E-08		1.02E-08		3.25E-08

		188.5		1.02E-08		1.02E-08		1.02E-08		3.26E-08

		189.5		1.03E-08		1.03E-08		1.03E-08		3.27E-08

		190.5		1.04E-08		1.04E-08		1.04E-08		3.28E-08

		191.5		1.04E-08		1.04E-08		1.04E-08		3.28E-08

		192.5		1.05E-08		1.05E-08		1.05E-08		3.29E-08

		193.5		1.06E-08		1.06E-08		1.06E-08		3.30E-08

		194.5		1.06E-08		1.06E-08		1.06E-08		3.31E-08

		195.5		1.07E-08		1.07E-08		1.07E-08		3.31E-08

		196.5		1.08E-08		1.08E-08		1.08E-08		3.32E-08

		197.5		1.08E-08		1.08E-08		1.08E-08		3.33E-08

		198.5		1.09E-08		1.09E-08		1.09E-08		3.34E-08

		199.5		1.10E-08		1.10E-08		1.10E-08		3.34E-08

		200.5		1.10E-08		1.10E-08		1.10E-08		3.35E-08

		201.5		1.11E-08		1.11E-08		1.11E-08		3.36E-08

		202.5		1.12E-08		1.12E-08		1.12E-08		3.37E-08

		203.5		1.12E-08		1.12E-08		1.12E-08		3.37E-08

		204.5		1.13E-08		1.13E-08		1.13E-08		3.38E-08

		205.5		1.14E-08		1.14E-08		1.14E-08		3.39E-08

		206.5		1.14E-08		1.14E-08		1.14E-08		3.40E-08

		207.5		1.15E-08		1.15E-08		1.15E-08		3.40E-08

		208.5		1.16E-08		1.16E-08		1.16E-08		3.41E-08

		209.5		1.16E-08		1.16E-08		1.16E-08		3.42E-08

		210.5		1.17E-08		1.17E-08		1.17E-08		3.43E-08

		211.5		1.18E-08		1.18E-08		1.18E-08		3.44E-08

		212.5		1.18E-08		1.18E-08		1.18E-08		3.44E-08

		213.5		1.19E-08		1.19E-08		1.19E-08		3.45E-08

		214.5		1.20E-08		1.20E-08		1.20E-08		3.46E-08

		215.5		1.20E-08		1.20E-08		1.20E-08		3.47E-08

		216.5		1.21E-08		1.21E-08		1.21E-08		3.47E-08

		217.5		1.22E-08		1.22E-08		1.22E-08		3.48E-08

		218.5		1.22E-08		1.22E-08		1.22E-08		3.49E-08

		219.5		1.23E-08		1.23E-08		1.23E-08		3.50E-08

		220.5		1.24E-08		1.24E-08		1.24E-08		3.50E-08

		221.5		1.24E-08		1.24E-08		1.24E-08		3.51E-08

		222.5		1.25E-08		1.25E-08		1.25E-08		3.52E-08

		223.5		1.26E-08		1.26E-08		1.26E-08		3.53E-08

		224.5		1.26E-08		1.26E-08		1.26E-08		3.53E-08

		225.5		1.27E-08		1.27E-08		1.27E-08		3.54E-08

		226.5		1.28E-08		1.28E-08		1.28E-08		3.55E-08

		227.5		1.28E-08		1.28E-08		1.28E-08		3.56E-08

		228.5		1.29E-08		1.29E-08		1.29E-08		3.56E-08

		229.5		1.30E-08		1.30E-08		1.30E-08		3.57E-08

		230.5		1.30E-08		1.30E-08		1.30E-08		3.58E-08

		231.5		1.31E-08		1.31E-08		1.31E-08		3.59E-08

		232.5		1.32E-08		1.32E-08		1.32E-08		3.59E-08

		233.5		1.32E-08		1.32E-08		1.32E-08		3.60E-08

		234.5		1.33E-08		1.33E-08		1.33E-08		3.61E-08

		235.5		1.34E-08		1.34E-08		1.34E-08		3.62E-08

		236.5		1.34E-08		1.34E-08		1.34E-08		3.62E-08

		237.5		1.35E-08		1.35E-08		1.35E-08		3.63E-08

		238.5		1.36E-08		1.36E-08		1.36E-08		3.64E-08

		239.5		1.36E-08		1.36E-08		1.36E-08		3.65E-08

		240.5		1.37E-08		1.37E-08		1.37E-08		3.65E-08

		241.5		1.38E-08		1.38E-08		1.38E-08		3.66E-08

		242.5		1.38E-08		1.38E-08		1.38E-08		3.67E-08

		243.5		1.39E-08		1.39E-08		1.39E-08		3.68E-08

		244.5		1.40E-08		1.40E-08		1.40E-08		3.68E-08

		245.5		1.40E-08		1.40E-08		1.40E-08		3.69E-08

		246.5		1.41E-08		1.41E-08		1.41E-08		3.70E-08

		247.5		1.42E-08		1.42E-08		1.42E-08		3.71E-08

		248.5		1.42E-08		1.42E-08		1.42E-08		3.72E-08

		249.5		1.43E-08		1.43E-08		1.43E-08		3.72E-08

		250.5		1.44E-08		1.44E-08		1.44E-08		3.73E-08

		251.5		1.44E-08		1.44E-08		1.44E-08		3.74E-08

		252.5		1.45E-08		1.45E-08		1.45E-08		3.75E-08

		253.5		1.46E-08		1.46E-08		1.46E-08		3.75E-08

		254.5		1.46E-08		1.46E-08		1.46E-08		3.76E-08

		255.5		1.47E-08		1.47E-08		1.47E-08		3.77E-08

		256.5		1.48E-08		1.48E-08		1.48E-08		3.78E-08

		257.5		1.48E-08		1.48E-08		1.48E-08		3.78E-08

		258.5		1.49E-08		1.49E-08		1.49E-08		3.79E-08

		259.5		1.50E-08		1.50E-08		1.50E-08		3.80E-08

		260.5		1.50E-08		1.50E-08		1.50E-08		3.81E-08

		261.5		1.51E-08		1.51E-08		1.51E-08		3.81E-08

		262.5		1.52E-08		1.52E-08		1.52E-08		3.82E-08

		263.5		1.52E-08		1.52E-08		1.52E-08		3.83E-08

		264.5		1.53E-08		1.53E-08		1.53E-08		3.84E-08

		265.5		1.54E-08		1.54E-08		1.54E-08		3.84E-08

		266.5		1.55E-08		1.55E-08		1.55E-08		3.85E-08

		267.5		1.55E-08		1.55E-08		1.55E-08		3.86E-08

		268.5		1.56E-08		1.56E-08		1.56E-08		3.87E-08

		269.5		1.57E-08		1.57E-08		1.57E-08		3.87E-08

		270.5		1.57E-08		1.57E-08		1.57E-08		3.88E-08

		271.5		1.58E-08		1.58E-08		1.58E-08		3.89E-08

		272.5		1.59E-08		1.59E-08		1.59E-08		3.90E-08

		273.5		1.59E-08		1.59E-08		1.59E-08		3.90E-08

		274.5		1.60E-08		1.60E-08		1.60E-08		3.91E-08

		275.5		1.61E-08		1.61E-08		1.61E-08		3.92E-08

		276.5		1.61E-08		1.61E-08		1.61E-08		3.93E-08

		277.5		1.62E-08		1.62E-08		1.62E-08		3.93E-08

		278.5		1.63E-08		1.63E-08		1.63E-08		3.94E-08

		279.5		1.63E-08		1.63E-08		1.63E-08		3.95E-08

		280.5		1.64E-08		1.64E-08		1.64E-08		3.96E-08

		281.5		1.65E-08		1.65E-08		1.65E-08		3.96E-08

		282.5		1.65E-08		1.65E-08		1.65E-08		3.97E-08

		283.5		1.66E-08		1.66E-08		1.66E-08		3.98E-08

		284.5		1.67E-08		1.67E-08		1.67E-08		3.99E-08

		285.5		1.67E-08		1.67E-08		1.67E-08		3.99E-08

		286.5		1.68E-08		1.68E-08		1.68E-08		4.00E-08

		287.5		1.69E-08		1.69E-08		1.69E-08		4.01E-08

		288.5		1.69E-08		1.69E-08		1.69E-08		4.02E-08

		289.5		1.70E-08		1.70E-08		1.70E-08		4.02E-08

		290.5		1.71E-08		1.71E-08		1.71E-08		4.03E-08

		291.5		1.71E-08		1.71E-08		1.71E-08		4.04E-08

		292.5		1.72E-08		1.72E-08		1.72E-08		4.04E-08

		293.5		1.73E-08		1.73E-08		1.73E-08		4.05E-08

		294.5		1.73E-08		1.73E-08		1.73E-08		4.06E-08

		295.5		1.74E-08		1.74E-08		1.74E-08		4.07E-08

		296.5		1.75E-08		1.75E-08		1.75E-08		4.07E-08

		297.5		1.75E-08		1.75E-08		1.75E-08		4.08E-08

		298.5		1.76E-08		1.76E-08		1.76E-08		4.09E-08

		299.5		1.77E-08		1.77E-08		1.77E-08		4.10E-08

		300.5		1.77E-08		1.77E-08		1.77E-08		4.10E-08

		301.5		1.78E-08		1.78E-08		1.78E-08		4.11E-08

		302.5		1.79E-08		1.79E-08		1.79E-08		4.12E-08

		303.5		1.79E-08		1.79E-08		1.79E-08		4.13E-08

		304.5		1.80E-08		1.80E-08		1.80E-08		4.13E-08

		305.5		1.81E-08		1.81E-08		1.81E-08		4.14E-08

		306.5		1.81E-08		1.81E-08		1.81E-08		4.15E-08

		307.5		1.82E-08		1.82E-08		1.82E-08		4.16E-08

		308.5		1.83E-08		1.83E-08		1.83E-08		4.16E-08

		309.5		1.83E-08		1.83E-08		1.83E-08		4.17E-08

		310.5		1.84E-08		1.84E-08		1.84E-08		4.18E-08

		311.5		1.85E-08		1.85E-08		1.85E-08		4.19E-08

		312.5		1.85E-08		1.85E-08		1.85E-08		4.19E-08

		313.5		1.86E-08		1.86E-08		1.86E-08		4.20E-08

		314.5		1.87E-08		1.87E-08		1.87E-08		4.21E-08

		315.5		1.87E-08		1.87E-08		1.87E-08		4.22E-08

		316.5		1.88E-08		1.88E-08		1.88E-08		4.22E-08

		317.5		1.89E-08		1.89E-08		1.89E-08		4.23E-08

		318.5		1.89E-08		1.89E-08		1.89E-08		4.24E-08

		319.5		1.90E-08		1.90E-08		1.90E-08		4.24E-08

		320.5		1.91E-08		1.91E-08		1.91E-08		4.25E-08

		321.5		1.92E-08		1.92E-08		1.92E-08		4.26E-08

		322.5		1.92E-08		1.92E-08		1.92E-08		4.27E-08

		323.5		1.93E-08		1.93E-08		1.93E-08		4.27E-08

		324.5		1.94E-08		1.94E-08		1.94E-08		4.28E-08

		325.5		1.94E-08		1.94E-08		1.94E-08		4.29E-08

		326.5		1.95E-08		1.95E-08		1.95E-08		4.30E-08

		327.5		1.96E-08		1.96E-08		1.96E-08		4.30E-08

		328.5		1.96E-08		1.96E-08		1.96E-08		4.31E-08

		329.5		1.97E-08		1.97E-08		1.97E-08		4.32E-08

		330.5		1.98E-08		1.98E-08		1.98E-08		4.33E-08

		331.5		1.98E-08		1.98E-08		1.98E-08		4.33E-08

		332.5		1.99E-08		1.99E-08		1.99E-08		4.34E-08

		333.5		2.00E-08		2.00E-08		2.00E-08		4.35E-08

		334.5		2.00E-08		2.00E-08		2.00E-08		4.36E-08

		335.5		2.01E-08		2.01E-08		2.01E-08		4.36E-08

		336.5		2.02E-08		2.02E-08		2.02E-08		4.37E-08

		337.5		2.02E-08		2.02E-08		2.02E-08		4.38E-08

		338.5		2.03E-08		2.03E-08		2.03E-08		4.39E-08

		339.5		2.04E-08		2.04E-08		2.04E-08		4.39E-08

		340.5		2.04E-08		2.04E-08		2.04E-08		4.40E-08

		341.5		2.05E-08		2.05E-08		2.05E-08		4.41E-08

		342.5		2.06E-08		2.06E-08		2.06E-08		4.42E-08

		343.5		2.06E-08		2.06E-08		2.06E-08		4.42E-08

		344.5		2.07E-08		2.07E-08		2.07E-08		4.43E-08

		345.5		2.08E-08		2.08E-08		2.08E-08		4.44E-08

		346.5		2.09E-08		2.09E-08		2.09E-08		4.44E-08

		347.5		2.09E-08		2.09E-08		2.09E-08		4.45E-08

		348.5		2.10E-08		2.10E-08		2.10E-08		4.46E-08

		349.5		2.11E-08		2.11E-08		2.11E-08		4.47E-08

		350.5		2.11E-08		2.11E-08		2.11E-08		4.47E-08

		351.5		2.12E-08		2.12E-08		2.12E-08		4.48E-08

		352.5		2.13E-08		2.13E-08		2.13E-08		4.49E-08

		353.5		2.13E-08		2.13E-08		2.13E-08		4.50E-08

		354.5		2.14E-08		2.14E-08		2.14E-08		4.50E-08

		355.5		2.15E-08		2.15E-08		2.15E-08		4.51E-08

		356.5		2.15E-08		2.15E-08		2.15E-08		4.52E-08

		357.5		2.16E-08		2.16E-08		2.16E-08		4.53E-08

		358.5		2.17E-08		2.17E-08		2.17E-08		4.53E-08

		359.5		2.17E-08		2.17E-08		2.17E-08		4.54E-08

		360.5		2.18E-08		2.18E-08		2.18E-08		4.55E-08

		361.5		2.19E-08		2.19E-08		2.19E-08		4.56E-08

		362.5		2.19E-08		2.19E-08		2.19E-08		4.56E-08

		363.5		2.20E-08		2.20E-08		2.20E-08		4.57E-08

		364.5		2.21E-08		2.21E-08		2.21E-08		4.58E-08

		365.5		2.22E-08		2.22E-08		2.22E-08		4.59E-08

		366.5		2.22E-08		2.22E-08		2.22E-08		4.59E-08

		367.5		2.23E-08		2.23E-08		2.23E-08		4.60E-08

		368.5		2.24E-08		2.24E-08		2.24E-08		4.61E-08

		369.5		2.24E-08		2.24E-08		2.24E-08		4.62E-08

		370.5		2.25E-08		2.25E-08		2.25E-08		4.62E-08

		371.5		2.26E-08		2.26E-08		2.26E-08		4.63E-08

		372.5		2.26E-08		2.26E-08		2.26E-08		4.64E-08

		373.5		2.27E-08		2.27E-08		2.27E-08		4.64E-08

		374.5		2.28E-08		2.28E-08		2.28E-08		4.65E-08

		375.5		2.28E-08		2.28E-08		2.28E-08		4.66E-08

		376.5		2.29E-08		2.29E-08		2.29E-08		4.67E-08

		377.5		2.30E-08		2.30E-08		2.30E-08		4.67E-08

		378.5		2.30E-08		2.30E-08		2.30E-08		4.68E-08

		379.5		2.31E-08		2.31E-08		2.31E-08		4.69E-08

		380.5		2.32E-08		2.32E-08		2.32E-08		4.70E-08

		381.5		2.33E-08		2.33E-08		2.33E-08		4.70E-08

		382.5		2.33E-08		2.33E-08		2.33E-08		4.71E-08

		383.5		2.34E-08		2.34E-08		2.34E-08		4.72E-08

		384.5		2.35E-08		2.35E-08		2.35E-08		4.73E-08

		385.5		2.35E-08		2.35E-08		2.35E-08		4.73E-08

		386.5		2.36E-08		2.36E-08		2.36E-08		4.74E-08

		387.5		2.37E-08		2.37E-08		2.37E-08		4.75E-08

		388.5		2.37E-08		2.37E-08		2.37E-08		4.76E-08

		389.5		2.38E-08		2.38E-08		2.38E-08		4.76E-08

		390.5		2.39E-08		2.39E-08		2.39E-08		4.77E-08

		391.5		2.39E-08		2.39E-08		2.39E-08		4.78E-08

		392.5		2.40E-08		2.40E-08		2.40E-08		4.79E-08

		393.5		2.41E-08		2.41E-08		2.41E-08		4.79E-08

		394.5		2.42E-08		2.42E-08		2.42E-08		4.80E-08

		395.5		2.42E-08		2.42E-08		2.42E-08		4.81E-08

		396.5		2.43E-08		2.43E-08		2.43E-08		4.82E-08

		397.5		2.44E-08		2.44E-08		2.44E-08		4.82E-08

		398.5		2.44E-08		2.44E-08		2.44E-08		4.83E-08

		399.5		2.45E-08		2.45E-08		2.45E-08		4.84E-08
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		Parameter

		HGQ-2

		MQXB



		

		

		



		Yoke OR, mm

		200

		200



		Aperture diameter, mm

		90

		70



		G nom, T/m

		210

		205



		I nom, kA

		14.50

		11.33



		G max*, T/m

		240

		-



		I max*, kA

		16.5

		-



		G/I nom, T/m/kA 

		15.00

		18.09



		L nom, mH/m

		4.72

		3.5



		W nom, kJ/m

		488.6

		224.6
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		379.5		379.5		379.5		379.5

		380.5		380.5		380.5		380.5

		381.5		381.5		381.5		381.5

		382.5		382.5		382.5		382.5

		383.5		383.5		383.5		383.5

		384.5		384.5		384.5		384.5

		385.5		385.5		385.5		385.5

		386.5		386.5		386.5		386.5

		387.5		387.5		387.5		387.5

		388.5		388.5		388.5		388.5

		389.5		389.5		389.5		389.5

		390.5		390.5		390.5		390.5

		391.5		391.5		391.5		391.5

		392.5		392.5		392.5		392.5

		393.5		393.5		393.5		393.5

		394.5		394.5		394.5		394.5

		395.5		395.5		395.5		395.5

		396.5		396.5		396.5		396.5

		397.5		397.5		397.5		397.5

		398.5		398.5		398.5		398.5

		399.5		399.5		399.5		399.5

		400.5		400.5		400.5		400.5

		401.5		401.5		401.5		401.5

		402.5		402.5		402.5		402.5

		403.5		403.5		403.5		403.5

		404.5		404.5		404.5		404.5



Nb3Sn

G10

Bronze

Copper

Temperature (K)

specific heat (J/K/m3)

0

0

0

0

9801

7885

2677

1650

12180

12070

4049

2470

14820

17480

6306

3548

17820

23470

9071

4925

21170

28980

12350

6639

24960

35440

16920

8730

29200

42470

22800

11240

33970

49500

28670

14190

39260

56530

34550

17640

45180

65650

40430

21620

51750

76860

48680

26150

58950

88350

59300

31290

66810

100100

69920

37050

76140

113100

80540

43480

86940

127100

91160

50600

97340

139700

104700

58450

107300

150900

121200

67040

117900

162100

137600

76420

128900

173200

154100

86600

142800

184400

170500

97610

159600

202200

189100

109500

178200

226500

209800

122200

198700

250800

230500

135800

216100

275100

251300

150300

230400

299400

272000

165700

244800

323800

296800

182000

259100

348100

325700

199300

273400

372400

354700

217400

287700

396700

383600

236500

302000

421000

412500

256600

316300

445400

441500

277500

330600

469700

470400

299400

344900

494000

499400

322100

359200

518300

528300

345800

373500

542600

557200

370300

387900

567000

588300

395600

402200

591300

621400

421900

416500

615600

654500

448900

430800

639900

687600

476700

445100

664200

720700

505300

459400

688600

753800

534500

473700

712900

786900

564500

488000

737200

820000

595200

502300

761500

853100

626500

516600

785800

886200

658400

529400

806000

918600

690800

540500

821900

950500

723800

551600

837900

982400

757200

562700

853900

1014000

791100

573900

869800

1046000

825300

585000

885800

1078000

860000

596100

901700

1110000

894900

607200

917700

1142000

930200

618400

933700

1174000

965600

629500

949600

1205000

1001000

640600

965600

1236000

1037000

651700

981500

1266000

1073000

662900

997500

1297000

1109000

674000

1013000

1327000

1145000

685100

1029000

1357000

1181000

696200

1045000

1387000

1217000

707300

1061000

1417000

1253000

718500

1077000

1447000

1289000

729600

1093000

1477000

1325000

740700

1109000

1507000

1361000

751800

1125000

1535000

1396000

763000

1141000

1562000

1431000

774100

1157000

1589000

1466000

785200

1173000

1615000

1501000

796300

1189000

1642000

1535000

807500

1205000

1668000

1569000

818600

1222000

1695000

1603000

829700

1239000

1721000

1637000

840800

1256000

1748000

1670000

852000

1272000

1774000

1702000

863100

1289000

1799000

1735000

874200

1306000

1821000

1767000

885300

1322000

1843000

1798000

896500

1339000

1865000

1829000

907600

1356000

1887000

1860000

918700

1373000

1909000

1890000

929800

1389000

1932000

1920000

941000

1406000

1954000

1949000

952100

1423000

1976000

1978000

963200

1439000

1998000

2007000

974300

1456000

2018000

2034000

985400

1473000

2036000

2062000

996600

1490000

2054000

2089000

1008000

1506000

2072000

2115000

1019000

1523000

2091000

2141000

1030000

1540000

2109000

2167000

1041000

1556000

2127000

2192000

1052000

1573000

2145000

2217000

1063000

1590000

2163000

2241000

1074000

1607000

2181000

2265000

1083000

1620000

2196000

2288000

1088000

1631000

2207000

2311000

1094000

1642000

2218000

2333000

1099000

1653000

2230000

2355000

1104000

1663000

2241000

2376000

1110000

1674000

2252000

2398000

1115000

1685000

2263000

2418000

1121000

1696000

2275000

2438000

1126000

1707000

2286000

2458000

1131000

1717000

2297000

2477000

1137000

1728000

2308000

2496000

1142000

1739000

2320000

2515000

1148000

1750000

2331000

2533000

1153000

1760000

2342000

2551000

1158000

1771000

2353000

2568000

1164000

1782000

2365000

2586000

1169000

1793000

2376000

2602000

1175000

1803000

2387000

2619000

1180000

1814000

2398000

2635000

1185000

1825000

2410000

2650000

1189000

1836000

2421000

2665000

1191000

1846000

2432000

2680000

1193000

1857000

2443000

2695000

1196000

1868000

2455000

2709000

1198000

1879000

2466000

2723000

1200000

1890000

2477000

2737000

1202000

1900000

2488000

2751000

1204000

1911000

2499000

2764000

1206000

1922000

2511000

2777000

1209000

1933000

2522000

2789000

1211000

1943000

2533000

2801000

1213000

1954000

2544000

2813000

1215000

1965000

2556000

2825000

1217000

1976000

2567000

2837000

1219000

1986000

2578000

2848000

1221000

1997000

2589000

2859000

1224000

2008000

2601000

2870000

1226000

2019000

2612000

2880000

1228000

2030000

2623000

2891000

1230000

2040000

2634000

2901000

1232000

2051000

2646000

2911000

1234000

2062000

2657000

2920000

1237000

2073000

2668000

2930000

1239000

2083000

2679000

2939000

1241000

2094000

2691000

2948000

1243000

2105000

2702000

2957000

1245000

2116000

2713000

2966000

1247000

2126000

2724000

2974000

1250000

2137000

2735000

2982000

1252000

2148000

2747000

2991000

1254000

2159000

2755000

2999000

1256000

2169000

2760000

3006000

1258000

2180000

2766000

3014000

1260000

2191000

2771000

3021000

1262000

2202000

2776000

3029000

1263000

2213000

2782000

3036000

1265000

2223000

2787000

3043000

1267000

2234000

2792000

3050000

1269000

2245000

2797000

3057000

1271000

2256000

2803000

3063000

1273000

2266000

2808000

3070000

1275000

2277000

2813000

3076000

1277000

2288000

2819000

3082000

1279000

2299000

2824000

3088000

1281000

2309000

2829000

3094000

1283000

2320000

2835000

3100000

1285000

2331000

2840000

3106000

1287000

2342000

2845000

3111000

1289000

2353000

2851000

3117000

1291000

2363000

2856000

3122000

1293000

2374000

2861000

3127000

1295000

2385000

2867000

3132000

1297000

2396000

2872000

3137000

1298000

2406000

2877000

3142000

1300000

2417000

2882000

3147000

1302000

2428000

2888000

3152000

1304000

2439000

2893000

3157000

1306000

2449000

2898000

3161000

1308000

2460000

2904000

3166000

1310000

2471000

2909000

3170000

1312000

2482000

2914000

3174000

1314000

2492000

2920000

3179000

1316000

2503000

2925000

3183000

1318000

2514000

2930000

3187000

1320000

2525000

2936000

3191000

1322000

2536000

2941000

3195000

1324000

2546000

2946000

3199000

1326000

2557000

2951000

3202000

1328000

2568000

2957000

3206000

1330000

2579000

2962000

3210000

1332000

2589000

2967000

3213000

1333000

2600000

2973000

3217000

1335000

2611000

2978000

3220000

1337000

2622000

2983000

3224000

1339000

2632000

2989000

3227000

1341000

2643000

2994000

3230000

1343000

2654000

2999000

3233000

1345000

2665000

3005000

3236000

1347000

2676000

3010000

3239000

1349000

2686000

3015000

3242000

1350000

2697000

3019000

3245000

1351000

2708000

3022000

3248000

1352000

2719000

3025000

3251000

1352000

2729000

3028000

3254000

1353000

2740000

3031000

3257000

1354000

2751000

3034000

3259000

1354000

2762000

3037000

3262000

1355000

2772000

3040000

3265000

1356000

2783000

3043000

3267000

1356000

2794000

3046000

3270000

1357000

2805000

3049000

3272000

1357000

2815000

3052000

3275000

1358000

2826000

3055000

3277000

1359000

2837000

3058000

3279000

1359000

2848000

3060000

3282000

1360000

2859000

3063000

3284000

1361000

2869000

3066000

3286000

1361000

2880000

3069000

3288000

1362000

2891000

3072000

3291000

1363000

2902000

3075000

3293000

1363000

2912000

3078000

3295000

1364000

2923000

3081000

3297000

1365000

2934000

3084000

3299000

1365000

2945000

3087000

3301000

1366000

2955000

3090000

3303000

1367000

2966000

3093000

3305000

1367000

2977000

3096000

3307000

1368000

2988000

3099000

3308000

1368000

2999000

3102000

3310000

1369000

3009000

3105000

3312000

1370000

3020000

3107000

3314000

1370000

3031000

3110000

3316000

1371000

3042000

3113000

3317000

1372000

3052000

3116000

3319000

1372000

3063000

3119000

3321000

1373000

3074000

3122000

3322000

1374000

3085000

3125000

3324000

1374000

3095000

3128000

3325000

1375000

3106000

3131000

3327000

1376000

3117000

3134000

3328000

1376000

3128000

3137000

3330000

1377000

3138000

3140000

3331000

1378000

3149000

3143000

3333000

1378000

3160000

3146000

3334000

1379000

3171000

3149000

3336000

1379000

3182000

3152000

3337000

1380000

3192000

3154000

3339000

1381000

3203000

3157000

3340000

1381000

3214000

3160000

3341000

1382000

3225000

3163000

3343000

1383000

3237000

3166000

3344000

1383000

3250000

3168000

3345000

1384000

3263000

3170000

3346000

1385000

3277000

3172000

3348000

1385000

3290000

3175000

3349000

1386000

3303000

3177000

3350000

1387000

3316000

3179000

3351000

1387000

3330000

3181000

3352000

1388000

3343000

3183000

3353000

1389000

3356000

3186000

3355000

1389000

3370000

3188000

3356000

1390000

3383000

3190000

3357000

1391000

3396000

3192000

3358000

1391000

3410000

3194000

3359000

1392000

3423000

3197000

3360000

1392000

3436000

3199000

3361000

1393000

3449000

3201000

3362000

1394000

3463000

3203000

3363000

1394000

3476000

3205000

3364000

1395000

3489000

3208000

3365000

1396000

3503000

3210000

3366000

1396000

3516000

3212000

3367000

1397000

3529000

3214000

3368000

1398000

3543000

3216000

3369000

1398000

3556000

3219000

3370000

1399000

3569000

3221000

3371000

1400000

3582000

3223000

3371000

1400000

3596000

3225000

3372000

1401000

3609000

3227000

3373000

1402000

3622000

3230000

3374000

1402000

3636000

3232000

3375000

1403000

3649000

3234000

3376000

1403000

3662000

3236000

3376000

1404000

3676000

3238000

3377000

1405000

3689000

3240000

3378000

1405000

3702000

3243000

3379000

1406000

3715000

3245000

3380000

1407000

3729000

3247000

3380000

1407000

3742000

3249000

3381000

1408000

3755000

3251000

3382000

1409000

3769000

3254000

3383000

1409000

3782000

3256000

3383000

1410000

3795000

3258000

3384000

1411000

3809000

3260000

3385000

1411000

3822000

3262000

3385000

1412000

3835000

3265000

3386000

1413000

3848000

3267000

3387000

1413000

3862000

3269000

3387000

1414000

3875000

3271000

3388000

1414000

3888000

3273000

3389000

1415000

3895000

3277000

3389000

1416000

3895000

3282000

3390000

1416000

3895000

3288000

3391000

1417000

3895000

3293000

3391000

1418000

3895000

3298000

3392000

1418000

3895000

3304000

3392000

1419000

3895000

3309000

3393000

1420000

3895000

3314000

3394000

1420000

3895000

3320000

3394000

1421000

3895000

3325000

3395000

1422000

3895000

3330000

3395000

1422000

3895000

3336000

3396000

1423000

3895000

3341000

3396000

1424000

3895000

3346000

3397000

1424000

3895000

3351000

3397000

1425000

3895000

3357000

3398000

1425000

3895000

3362000

3398000

1426000

3895000

3367000

3399000

1427000

3895000

3373000

3399000

1427000

3895000

3378000

3400000

1428000

3895000

3383000

3400000

1429000

3895000

3389000

3401000

1429000

3895000

3394000

3401000

1430000

3895000

3399000

3402000

1431000

3895000

3405000

3402000

1431000

3895000

3410000

3403000

1432000

3895000

3415000

3403000

1433000

3895000

3421000

3404000

1433000

3895000

3426000

3404000

1434000

3895000

3431000

3405000

1435000

3895000

3436000

3405000

1435000

3895000

3442000

3406000

1436000

3895000

3447000

3406000

1437000

3895000

3452000

3406000

1437000

3895000

3458000

3407000

1438000

3895000

3463000

3407000

1438000

3895000

3468000

3408000

1439000

3895000

3474000

3408000

1440000

3895000

3479000

3408000

1440000

3895000

3484000

3409000

1441000

3895000

3490000

3409000

1442000

3895000

3495000

3410000

1442000

3895000

3500000

3410000

1443000

3895000

3505000

3410000

1444000

3895000

3511000

3411000

1444000

3895000

3516000

3411000

1445000

3895000

3521000

3412000

1446000

3895000

3527000

3412000

1446000

3895000

3532000

3412000

1447000

3895000

3537000

3413000

1448000

3895000

3540000

3413000

1448000

3895000

3540000

3413000

1449000

3895000

3540000

3414000

1449000

3895000

3540000

3414000

1450000

3895000

3540000

3414000

1451000

3895000

3540000

3415000

1451000

3895000

3540000

3415000

1452000

3895000

3540000

3415000

1453000

3895000

3540000

3416000

1453000

3895000

3540000

3416000

1454000

3895000

3540000

3416000

1455000

3895000

3540000

3417000

1455000

3895000

3540000

3417000

1456000

3895000

3540000

3417000

1457000

3895000

3540000

3417000

1457000

3895000

3540000

3418000

1458000

3895000

3540000

3418000

1459000

3895000

3540000

3418000

1459000

3895000

3540000

3419000

1460000

3895000

3540000

3419000

1460000

3895000

3540000

3419000

1461000

3895000

3540000

3419000

1462000

3895000

3540000

3420000

1462000

3895000

3540000

3420000

1463000

3895000

3540000

3420000

1464000

3895000

3540000

3421000

1464000

3895000

3540000

3421000

1465000

3895000

3540000

3421000

1466000

3895000

3540000

3421000

1466000

3895000

3540000

3422000

1467000

3895000

3540000

3422000

1468000

3895000

3540000

3422000

1468000

3895000

3540000

3422000

1469000

3895000

3540000

3423000

1470000

3895000

3540000

3423000

1470000

3895000

3540000

3423000

1471000

3895000

3540000

3423000

1472000

3895000

3540000

3424000

1472000

3895000

3540000

3424000

1473000

3895000

3540000

3424000

1473000

3895000

3540000

3424000

1474000

3895000

3540000

3424000

1475000

3895000

3540000

3425000

1475000

3895000

3540000

3425000

1476000

3895000

3540000

3425000

1477000

3895000

3540000

3425000

1477000

3895000

3540000

3426000

1478000

3895000

3540000

3426000

1479000

3895000

3540000

3426000

1479000

3895000

3540000

3426000

1480000

3895000

3540000

3426000

1481000

3895000

3540000

3427000

1481000

3895000

3540000

3427000

1482000

3895000

3540000

3427000

1483000

3895000

3540000

3427000



quenchprospecificheat

		Temp (K)		Nb3Sn		G10		Bronze		Copper

		0		0		0		0		0

		5.5		9801		7885		2677		1650

		6.5		1.22E+04		1.21E+04		4049		2470

		7.5		1.48E+04		1.75E+04		6306		3548

		8.5		1.78E+04		2.35E+04		9071		4925

		9.5		2.12E+04		2.90E+04		1.24E+04		6639

		10.5		2.50E+04		3.54E+04		1.69E+04		8730

		11.5		2.92E+04		4.25E+04		2.28E+04		1.12E+04

		12.5		3.40E+04		4.95E+04		2.87E+04		1.42E+04

		13.5		3.93E+04		5.65E+04		3.46E+04		1.76E+04

		14.5		4.52E+04		6.57E+04		4.04E+04		2.16E+04

		15.5		5.18E+04		7.69E+04		4.87E+04		2.62E+04

		16.5		5.90E+04		8.84E+04		5.93E+04		3.13E+04

		17.5		6.68E+04		1.00E+05		6.99E+04		3.71E+04

		18.5		7.61E+04		1.13E+05		8.05E+04		4.35E+04

		19.5		8.69E+04		1.27E+05		9.12E+04		5.06E+04

		20.5		9.73E+04		1.40E+05		1.05E+05		5.85E+04

		21.5		1.07E+05		1.51E+05		1.21E+05		6.70E+04

		22.5		1.18E+05		1.62E+05		1.38E+05		7.64E+04

		23.5		1.29E+05		1.73E+05		1.54E+05		8.66E+04

		24.5		1.43E+05		1.84E+05		1.71E+05		9.76E+04

		25.5		1.60E+05		2.02E+05		1.89E+05		1.10E+05

		26.5		1.78E+05		2.27E+05		2.10E+05		1.22E+05

		27.5		1.99E+05		2.51E+05		2.31E+05		1.36E+05

		28.5		2.16E+05		2.75E+05		2.51E+05		1.50E+05

		29.5		2.30E+05		2.99E+05		2.72E+05		1.66E+05

		30.5		2.45E+05		3.24E+05		2.97E+05		1.82E+05

		31.5		2.59E+05		3.48E+05		3.26E+05		1.99E+05

		32.5		2.73E+05		3.72E+05		3.55E+05		2.17E+05

		33.5		2.88E+05		3.97E+05		3.84E+05		2.37E+05

		34.5		3.02E+05		4.21E+05		4.13E+05		2.57E+05

		35.5		3.16E+05		4.45E+05		4.42E+05		2.78E+05

		36.5		3.31E+05		4.70E+05		4.70E+05		2.99E+05

		37.5		3.45E+05		4.94E+05		4.99E+05		3.22E+05

		38.5		3.59E+05		5.18E+05		5.28E+05		3.46E+05

		39.5		3.74E+05		5.43E+05		5.57E+05		3.70E+05

		40.5		3.88E+05		5.67E+05		5.88E+05		3.96E+05

		41.5		4.02E+05		5.91E+05		6.21E+05		4.22E+05

		42.5		4.17E+05		6.16E+05		6.55E+05		4.49E+05

		43.5		4.31E+05		6.40E+05		6.88E+05		4.77E+05

		44.5		4.45E+05		6.64E+05		7.21E+05		5.05E+05

		45.5		4.59E+05		6.89E+05		7.54E+05		5.35E+05

		46.5		4.74E+05		7.13E+05		7.87E+05		5.65E+05

		47.5		4.88E+05		7.37E+05		8.20E+05		5.95E+05

		48.5		5.02E+05		7.62E+05		8.53E+05		6.27E+05

		49.5		5.17E+05		7.86E+05		8.86E+05		6.58E+05

		50.5		5.29E+05		8.06E+05		9.19E+05		6.91E+05

		51.5		5.41E+05		8.22E+05		9.51E+05		7.24E+05

		52.5		5.52E+05		8.38E+05		9.82E+05		7.57E+05

		53.5		5.63E+05		8.54E+05		1.01E+06		7.91E+05

		54.5		5.74E+05		8.70E+05		1.05E+06		8.25E+05

		55.5		5.85E+05		8.86E+05		1.08E+06		8.60E+05

		56.5		5.96E+05		9.02E+05		1.11E+06		8.95E+05

		57.5		6.07E+05		9.18E+05		1.14E+06		9.30E+05

		58.5		6.18E+05		9.34E+05		1.17E+06		9.66E+05

		59.5		6.30E+05		9.50E+05		1.21E+06		1.00E+06

		60.5		6.41E+05		9.66E+05		1.24E+06		1.04E+06

		61.5		6.52E+05		9.82E+05		1.27E+06		1.07E+06

		62.5		6.63E+05		9.98E+05		1.30E+06		1.11E+06

		63.5		6.74E+05		1.01E+06		1.33E+06		1.15E+06

		64.5		6.85E+05		1.03E+06		1.36E+06		1.18E+06

		65.5		6.96E+05		1.05E+06		1.39E+06		1.22E+06

		66.5		7.07E+05		1.06E+06		1.42E+06		1.25E+06

		67.5		7.19E+05		1.08E+06		1.45E+06		1.29E+06

		68.5		7.30E+05		1.09E+06		1.48E+06		1.33E+06

		69.5		7.41E+05		1.11E+06		1.51E+06		1.36E+06

		70.5		7.52E+05		1.13E+06		1.54E+06		1.40E+06

		71.5		7.63E+05		1.14E+06		1.56E+06		1.43E+06

		72.5		7.74E+05		1.16E+06		1.59E+06		1.47E+06

		73.5		7.85E+05		1.17E+06		1.62E+06		1.50E+06

		74.5		7.96E+05		1.19E+06		1.64E+06		1.54E+06

		75.5		8.08E+05		1.21E+06		1.67E+06		1.57E+06

		76.5		8.19E+05		1.22E+06		1.70E+06		1.60E+06

		77.5		8.30E+05		1.24E+06		1.72E+06		1.64E+06

		78.5		8.41E+05		1.26E+06		1.75E+06		1.67E+06

		79.5		8.52E+05		1.27E+06		1.77E+06		1.70E+06

		80.5		8.63E+05		1.29E+06		1.80E+06		1.74E+06

		81.5		8.74E+05		1.31E+06		1.82E+06		1.77E+06

		82.5		8.85E+05		1.32E+06		1.84E+06		1.80E+06

		83.5		8.97E+05		1.34E+06		1.87E+06		1.83E+06

		84.5		9.08E+05		1.36E+06		1.89E+06		1.86E+06

		85.5		9.19E+05		1.37E+06		1.91E+06		1.89E+06

		86.5		9.30E+05		1.39E+06		1.93E+06		1.92E+06

		87.5		9.41E+05		1.41E+06		1.95E+06		1.95E+06

		88.5		9.52E+05		1.42E+06		1.98E+06		1.98E+06

		89.5		9.63E+05		1.44E+06		2.00E+06		2.01E+06

		90.5		9.74E+05		1.46E+06		2.02E+06		2.03E+06

		91.5		9.85E+05		1.47E+06		2.04E+06		2.06E+06

		92.5		9.97E+05		1.49E+06		2.05E+06		2.09E+06

		93.5		1.01E+06		1.51E+06		2.07E+06		2.12E+06

		94.5		1.02E+06		1.52E+06		2.09E+06		2.14E+06

		95.5		1.03E+06		1.54E+06		2.11E+06		2.17E+06

		96.5		1.04E+06		1.56E+06		2.13E+06		2.19E+06

		97.5		1.05E+06		1.57E+06		2.15E+06		2.22E+06

		98.5		1.06E+06		1.59E+06		2.16E+06		2.24E+06

		99.5		1.07E+06		1.61E+06		2.18E+06		2.27E+06

		100.5		1.08E+06		1.62E+06		2.20E+06		2.29E+06

		101.5		1.09E+06		1.63E+06		2.21E+06		2.31E+06

		102.5		1.09E+06		1.64E+06		2.22E+06		2.33E+06

		103.5		1.10E+06		1.65E+06		2.23E+06		2.36E+06

		104.5		1.10E+06		1.66E+06		2.24E+06		2.38E+06

		105.5		1.11E+06		1.67E+06		2.25E+06		2.40E+06

		106.5		1.12E+06		1.69E+06		2.26E+06		2.42E+06

		107.5		1.12E+06		1.70E+06		2.28E+06		2.44E+06

		108.5		1.13E+06		1.71E+06		2.29E+06		2.46E+06

		109.5		1.13E+06		1.72E+06		2.30E+06		2.48E+06

		110.5		1.14E+06		1.73E+06		2.31E+06		2.50E+06

		111.5		1.14E+06		1.74E+06		2.32E+06		2.52E+06

		112.5		1.15E+06		1.75E+06		2.33E+06		2.53E+06

		113.5		1.15E+06		1.76E+06		2.34E+06		2.55E+06

		114.5		1.16E+06		1.77E+06		2.35E+06		2.57E+06

		115.5		1.16E+06		1.78E+06		2.37E+06		2.59E+06

		116.5		1.17E+06		1.79E+06		2.38E+06		2.60E+06

		117.5		1.18E+06		1.80E+06		2.39E+06		2.62E+06

		118.5		1.18E+06		1.81E+06		2.40E+06		2.64E+06

		119.5		1.19E+06		1.83E+06		2.41E+06		2.65E+06

		120.5		1.19E+06		1.84E+06		2.42E+06		2.67E+06

		121.5		1.19E+06		1.85E+06		2.43E+06		2.68E+06

		122.5		1.19E+06		1.86E+06		2.44E+06		2.70E+06

		123.5		1.20E+06		1.87E+06		2.46E+06		2.71E+06

		124.5		1.20E+06		1.88E+06		2.47E+06		2.72E+06

		125.5		1.20E+06		1.89E+06		2.48E+06		2.74E+06

		126.5		1.20E+06		1.90E+06		2.49E+06		2.75E+06

		127.5		1.20E+06		1.91E+06		2.50E+06		2.76E+06

		128.5		1.21E+06		1.92E+06		2.51E+06		2.78E+06

		129.5		1.21E+06		1.93E+06		2.52E+06		2.79E+06

		130.5		1.21E+06		1.94E+06		2.53E+06		2.80E+06

		131.5		1.21E+06		1.95E+06		2.54E+06		2.81E+06

		132.5		1.22E+06		1.97E+06		2.56E+06		2.83E+06

		133.5		1.22E+06		1.98E+06		2.57E+06		2.84E+06

		134.5		1.22E+06		1.99E+06		2.58E+06		2.85E+06

		135.5		1.22E+06		2.00E+06		2.59E+06		2.86E+06

		136.5		1.22E+06		2.01E+06		2.60E+06		2.87E+06

		137.5		1.23E+06		2.02E+06		2.61E+06		2.88E+06

		138.5		1.23E+06		2.03E+06		2.62E+06		2.89E+06

		139.5		1.23E+06		2.04E+06		2.63E+06		2.90E+06

		140.5		1.23E+06		2.05E+06		2.65E+06		2.91E+06

		141.5		1.23E+06		2.06E+06		2.66E+06		2.92E+06

		142.5		1.24E+06		2.07E+06		2.67E+06		2.93E+06

		143.5		1.24E+06		2.08E+06		2.68E+06		2.94E+06

		144.5		1.24E+06		2.09E+06		2.69E+06		2.95E+06

		145.5		1.24E+06		2.11E+06		2.70E+06		2.96E+06

		146.5		1.25E+06		2.12E+06		2.71E+06		2.97E+06

		147.5		1.25E+06		2.13E+06		2.72E+06		2.97E+06

		148.5		1.25E+06		2.14E+06		2.74E+06		2.98E+06

		149.5		1.25E+06		2.15E+06		2.75E+06		2.99E+06

		150.5		1.25E+06		2.16E+06		2.76E+06		3.00E+06

		151.5		1.26E+06		2.17E+06		2.76E+06		3.01E+06

		152.5		1.26E+06		2.18E+06		2.77E+06		3.01E+06

		153.5		1.26E+06		2.19E+06		2.77E+06		3.02E+06

		154.5		1.26E+06		2.20E+06		2.78E+06		3.03E+06

		155.5		1.26E+06		2.21E+06		2.78E+06		3.04E+06

		156.5		1.27E+06		2.22E+06		2.79E+06		3.04E+06

		157.5		1.27E+06		2.23E+06		2.79E+06		3.05E+06

		158.5		1.27E+06		2.25E+06		2.80E+06		3.06E+06

		159.5		1.27E+06		2.26E+06		2.80E+06		3.06E+06

		160.5		1.27E+06		2.27E+06		2.81E+06		3.07E+06

		161.5		1.28E+06		2.28E+06		2.81E+06		3.08E+06

		162.5		1.28E+06		2.29E+06		2.82E+06		3.08E+06

		163.5		1.28E+06		2.30E+06		2.82E+06		3.09E+06

		164.5		1.28E+06		2.31E+06		2.83E+06		3.09E+06

		165.5		1.28E+06		2.32E+06		2.84E+06		3.10E+06

		166.5		1.29E+06		2.33E+06		2.84E+06		3.11E+06

		167.5		1.29E+06		2.34E+06		2.85E+06		3.11E+06

		168.5		1.29E+06		2.35E+06		2.85E+06		3.12E+06

		169.5		1.29E+06		2.36E+06		2.86E+06		3.12E+06

		170.5		1.29E+06		2.37E+06		2.86E+06		3.13E+06

		171.5		1.30E+06		2.39E+06		2.87E+06		3.13E+06

		172.5		1.30E+06		2.40E+06		2.87E+06		3.14E+06

		173.5		1.30E+06		2.41E+06		2.88E+06		3.14E+06

		174.5		1.30E+06		2.42E+06		2.88E+06		3.15E+06

		175.5		1.30E+06		2.43E+06		2.89E+06		3.15E+06

		176.5		1.30E+06		2.44E+06		2.89E+06		3.16E+06

		177.5		1.31E+06		2.45E+06		2.90E+06		3.16E+06

		178.5		1.31E+06		2.46E+06		2.90E+06		3.17E+06

		179.5		1.31E+06		2.47E+06		2.91E+06		3.17E+06

		180.5		1.31E+06		2.48E+06		2.91E+06		3.17E+06

		181.5		1.31E+06		2.49E+06		2.92E+06		3.18E+06

		182.5		1.32E+06		2.50E+06		2.93E+06		3.18E+06

		183.5		1.32E+06		2.51E+06		2.93E+06		3.19E+06

		184.5		1.32E+06		2.53E+06		2.94E+06		3.19E+06

		185.5		1.32E+06		2.54E+06		2.94E+06		3.20E+06

		186.5		1.32E+06		2.55E+06		2.95E+06		3.20E+06

		187.5		1.33E+06		2.56E+06		2.95E+06		3.20E+06

		188.5		1.33E+06		2.57E+06		2.96E+06		3.21E+06

		189.5		1.33E+06		2.58E+06		2.96E+06		3.21E+06

		190.5		1.33E+06		2.59E+06		2.97E+06		3.21E+06

		191.5		1.33E+06		2.60E+06		2.97E+06		3.22E+06

		192.5		1.34E+06		2.61E+06		2.98E+06		3.22E+06

		193.5		1.34E+06		2.62E+06		2.98E+06		3.22E+06

		194.5		1.34E+06		2.63E+06		2.99E+06		3.23E+06

		195.5		1.34E+06		2.64E+06		2.99E+06		3.23E+06

		196.5		1.34E+06		2.65E+06		3.00E+06		3.23E+06

		197.5		1.35E+06		2.67E+06		3.01E+06		3.24E+06

		198.5		1.35E+06		2.68E+06		3.01E+06		3.24E+06

		199.5		1.35E+06		2.69E+06		3.02E+06		3.24E+06

		200.5		1.35E+06		2.70E+06		3.02E+06		3.25E+06

		201.5		1.35E+06		2.71E+06		3.02E+06		3.25E+06

		202.5		1.35E+06		2.72E+06		3.03E+06		3.25E+06

		203.5		1.35E+06		2.73E+06		3.03E+06		3.25E+06

		204.5		1.35E+06		2.74E+06		3.03E+06		3.26E+06

		205.5		1.35E+06		2.75E+06		3.03E+06		3.26E+06

		206.5		1.35E+06		2.76E+06		3.04E+06		3.26E+06

		207.5		1.36E+06		2.77E+06		3.04E+06		3.27E+06

		208.5		1.36E+06		2.78E+06		3.04E+06		3.27E+06

		209.5		1.36E+06		2.79E+06		3.05E+06		3.27E+06

		210.5		1.36E+06		2.81E+06		3.05E+06		3.27E+06

		211.5		1.36E+06		2.82E+06		3.05E+06		3.28E+06

		212.5		1.36E+06		2.83E+06		3.06E+06		3.28E+06

		213.5		1.36E+06		2.84E+06		3.06E+06		3.28E+06

		214.5		1.36E+06		2.85E+06		3.06E+06		3.28E+06

		215.5		1.36E+06		2.86E+06		3.06E+06		3.28E+06

		216.5		1.36E+06		2.87E+06		3.07E+06		3.29E+06

		217.5		1.36E+06		2.88E+06		3.07E+06		3.29E+06

		218.5		1.36E+06		2.89E+06		3.07E+06		3.29E+06

		219.5		1.36E+06		2.90E+06		3.08E+06		3.29E+06

		220.5		1.36E+06		2.91E+06		3.08E+06		3.30E+06

		221.5		1.36E+06		2.92E+06		3.08E+06		3.30E+06

		222.5		1.37E+06		2.93E+06		3.08E+06		3.30E+06

		223.5		1.37E+06		2.95E+06		3.09E+06		3.30E+06

		224.5		1.37E+06		2.96E+06		3.09E+06		3.30E+06

		225.5		1.37E+06		2.97E+06		3.09E+06		3.31E+06

		226.5		1.37E+06		2.98E+06		3.10E+06		3.31E+06

		227.5		1.37E+06		2.99E+06		3.10E+06		3.31E+06

		228.5		1.37E+06		3.00E+06		3.10E+06		3.31E+06

		229.5		1.37E+06		3.01E+06		3.11E+06		3.31E+06

		230.5		1.37E+06		3.02E+06		3.11E+06		3.31E+06

		231.5		1.37E+06		3.03E+06		3.11E+06		3.32E+06

		232.5		1.37E+06		3.04E+06		3.11E+06		3.32E+06

		233.5		1.37E+06		3.05E+06		3.12E+06		3.32E+06

		234.5		1.37E+06		3.06E+06		3.12E+06		3.32E+06

		235.5		1.37E+06		3.07E+06		3.12E+06		3.32E+06

		236.5		1.37E+06		3.09E+06		3.13E+06		3.32E+06

		237.5		1.37E+06		3.10E+06		3.13E+06		3.33E+06

		238.5		1.38E+06		3.11E+06		3.13E+06		3.33E+06

		239.5		1.38E+06		3.12E+06		3.13E+06		3.33E+06

		240.5		1.38E+06		3.13E+06		3.14E+06		3.33E+06

		241.5		1.38E+06		3.14E+06		3.14E+06		3.33E+06

		242.5		1.38E+06		3.15E+06		3.14E+06		3.33E+06

		243.5		1.38E+06		3.16E+06		3.15E+06		3.33E+06

		244.5		1.38E+06		3.17E+06		3.15E+06		3.34E+06

		245.5		1.38E+06		3.18E+06		3.15E+06		3.34E+06

		246.5		1.38E+06		3.19E+06		3.15E+06		3.34E+06

		247.5		1.38E+06		3.20E+06		3.16E+06		3.34E+06

		248.5		1.38E+06		3.21E+06		3.16E+06		3.34E+06

		249.5		1.38E+06		3.23E+06		3.16E+06		3.34E+06

		250.5		1.38E+06		3.24E+06		3.17E+06		3.34E+06

		251.5		1.38E+06		3.25E+06		3.17E+06		3.35E+06

		252.5		1.38E+06		3.26E+06		3.17E+06		3.35E+06

		253.5		1.39E+06		3.28E+06		3.17E+06		3.35E+06

		254.5		1.39E+06		3.29E+06		3.18E+06		3.35E+06

		255.5		1.39E+06		3.30E+06		3.18E+06		3.35E+06

		256.5		1.39E+06		3.32E+06		3.18E+06		3.35E+06

		257.5		1.39E+06		3.33E+06		3.18E+06		3.35E+06

		258.5		1.39E+06		3.34E+06		3.18E+06		3.35E+06

		259.5		1.39E+06		3.36E+06		3.19E+06		3.36E+06

		260.5		1.39E+06		3.37E+06		3.19E+06		3.36E+06

		261.5		1.39E+06		3.38E+06		3.19E+06		3.36E+06

		262.5		1.39E+06		3.40E+06		3.19E+06		3.36E+06

		263.5		1.39E+06		3.41E+06		3.19E+06		3.36E+06

		264.5		1.39E+06		3.42E+06		3.20E+06		3.36E+06

		265.5		1.39E+06		3.44E+06		3.20E+06		3.36E+06

		266.5		1.39E+06		3.45E+06		3.20E+06		3.36E+06

		267.5		1.39E+06		3.46E+06		3.20E+06		3.36E+06

		268.5		1.39E+06		3.48E+06		3.21E+06		3.36E+06

		269.5		1.40E+06		3.49E+06		3.21E+06		3.37E+06

		270.5		1.40E+06		3.50E+06		3.21E+06		3.37E+06

		271.5		1.40E+06		3.52E+06		3.21E+06		3.37E+06

		272.5		1.40E+06		3.53E+06		3.21E+06		3.37E+06

		273.5		1.40E+06		3.54E+06		3.22E+06		3.37E+06

		274.5		1.40E+06		3.56E+06		3.22E+06		3.37E+06

		275.5		1.40E+06		3.57E+06		3.22E+06		3.37E+06

		276.5		1.40E+06		3.58E+06		3.22E+06		3.37E+06

		277.5		1.40E+06		3.60E+06		3.23E+06		3.37E+06

		278.5		1.40E+06		3.61E+06		3.23E+06		3.37E+06

		279.5		1.40E+06		3.62E+06		3.23E+06		3.37E+06

		280.5		1.40E+06		3.64E+06		3.23E+06		3.38E+06

		281.5		1.40E+06		3.65E+06		3.23E+06		3.38E+06

		282.5		1.40E+06		3.66E+06		3.24E+06		3.38E+06

		283.5		1.40E+06		3.68E+06		3.24E+06		3.38E+06

		284.5		1.41E+06		3.69E+06		3.24E+06		3.38E+06

		285.5		1.41E+06		3.70E+06		3.24E+06		3.38E+06

		286.5		1.41E+06		3.72E+06		3.25E+06		3.38E+06

		287.5		1.41E+06		3.73E+06		3.25E+06		3.38E+06

		288.5		1.41E+06		3.74E+06		3.25E+06		3.38E+06

		289.5		1.41E+06		3.76E+06		3.25E+06		3.38E+06

		290.5		1.41E+06		3.77E+06		3.25E+06		3.38E+06

		291.5		1.41E+06		3.78E+06		3.26E+06		3.38E+06

		292.5		1.41E+06		3.80E+06		3.26E+06		3.38E+06

		293.5		1.41E+06		3.81E+06		3.26E+06		3.39E+06

		294.5		1.41E+06		3.82E+06		3.26E+06		3.39E+06

		295.5		1.41E+06		3.84E+06		3.27E+06		3.39E+06

		296.5		1.41E+06		3.85E+06		3.27E+06		3.39E+06

		297.5		1.41E+06		3.86E+06		3.27E+06		3.39E+06

		298.5		1.41E+06		3.88E+06		3.27E+06		3.39E+06

		299.5		1.41E+06		3.89E+06		3.27E+06		3.39E+06

		300.5		1.42E+06		3.90E+06		3.28E+06		3.39E+06

		301.5		1.42E+06		3.90E+06		3.28E+06		3.39E+06

		302.5		1.42E+06		3.90E+06		3.29E+06		3.39E+06

		303.5		1.42E+06		3.90E+06		3.29E+06		3.39E+06

		304.5		1.42E+06		3.90E+06		3.30E+06		3.39E+06

		305.5		1.42E+06		3.90E+06		3.30E+06		3.39E+06

		306.5		1.42E+06		3.90E+06		3.31E+06		3.39E+06

		307.5		1.42E+06		3.90E+06		3.31E+06		3.39E+06

		308.5		1.42E+06		3.90E+06		3.32E+06		3.39E+06

		309.5		1.42E+06		3.90E+06		3.33E+06		3.40E+06

		310.5		1.42E+06		3.90E+06		3.33E+06		3.40E+06

		311.5		1.42E+06		3.90E+06		3.34E+06		3.40E+06

		312.5		1.42E+06		3.90E+06		3.34E+06		3.40E+06

		313.5		1.42E+06		3.90E+06		3.35E+06		3.40E+06

		314.5		1.42E+06		3.90E+06		3.35E+06		3.40E+06

		315.5		1.43E+06		3.90E+06		3.36E+06		3.40E+06

		316.5		1.43E+06		3.90E+06		3.36E+06		3.40E+06

		317.5		1.43E+06		3.90E+06		3.37E+06		3.40E+06

		318.5		1.43E+06		3.90E+06		3.37E+06		3.40E+06

		319.5		1.43E+06		3.90E+06		3.38E+06		3.40E+06

		320.5		1.43E+06		3.90E+06		3.38E+06		3.40E+06

		321.5		1.43E+06		3.90E+06		3.39E+06		3.40E+06

		322.5		1.43E+06		3.90E+06		3.39E+06		3.40E+06

		323.5		1.43E+06		3.90E+06		3.40E+06		3.40E+06

		324.5		1.43E+06		3.90E+06		3.41E+06		3.40E+06

		325.5		1.43E+06		3.90E+06		3.41E+06		3.40E+06

		326.5		1.43E+06		3.90E+06		3.42E+06		3.40E+06

		327.5		1.43E+06		3.90E+06		3.42E+06		3.40E+06

		328.5		1.43E+06		3.90E+06		3.43E+06		3.40E+06

		329.5		1.43E+06		3.90E+06		3.43E+06		3.41E+06

		330.5		1.44E+06		3.90E+06		3.44E+06		3.41E+06

		331.5		1.44E+06		3.90E+06		3.44E+06		3.41E+06

		332.5		1.44E+06		3.90E+06		3.45E+06		3.41E+06

		333.5		1.44E+06		3.90E+06		3.45E+06		3.41E+06

		334.5		1.44E+06		3.90E+06		3.46E+06		3.41E+06

		335.5		1.44E+06		3.90E+06		3.46E+06		3.41E+06

		336.5		1.44E+06		3.90E+06		3.47E+06		3.41E+06

		337.5		1.44E+06		3.90E+06		3.47E+06		3.41E+06

		338.5		1.44E+06		3.90E+06		3.48E+06		3.41E+06

		339.5		1.44E+06		3.90E+06		3.48E+06		3.41E+06

		340.5		1.44E+06		3.90E+06		3.49E+06		3.41E+06

		341.5		1.44E+06		3.90E+06		3.50E+06		3.41E+06

		342.5		1.44E+06		3.90E+06		3.50E+06		3.41E+06

		343.5		1.44E+06		3.90E+06		3.51E+06		3.41E+06

		344.5		1.44E+06		3.90E+06		3.51E+06		3.41E+06

		345.5		1.44E+06		3.90E+06		3.52E+06		3.41E+06

		346.5		1.45E+06		3.90E+06		3.52E+06		3.41E+06

		347.5		1.45E+06		3.90E+06		3.53E+06		3.41E+06

		348.5		1.45E+06		3.90E+06		3.53E+06		3.41E+06

		349.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		350.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		351.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		352.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		353.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		354.5		1.45E+06		3.90E+06		3.54E+06		3.41E+06

		355.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		356.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		357.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		358.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		359.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		360.5		1.45E+06		3.90E+06		3.54E+06		3.42E+06

		361.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		362.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		363.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		364.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		365.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		366.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		367.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		368.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		369.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		370.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		371.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		372.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		373.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		374.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		375.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		376.5		1.46E+06		3.90E+06		3.54E+06		3.42E+06

		377.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		378.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		379.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		380.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		381.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		382.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		383.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		384.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		385.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		386.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		387.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		388.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		389.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		390.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		391.5		1.47E+06		3.90E+06		3.54E+06		3.42E+06

		392.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		393.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		394.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		395.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		396.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		397.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		398.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		399.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		400.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		401.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		402.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		403.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06

		404.5		1.48E+06		3.90E+06		3.54E+06		3.43E+06





quenchprospecificheat
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quenchproresistivities

		Temp (K)		Copper RRR=10, B=2T		Copper RRR=50, B=2T		Copper RRR=100, B=2T		Bronze

		0		0		0		0		0

		5.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		6.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		7.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		8.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		9.5		3.97E-10		3.97E-10		3.97E-10		2.12E-08

		10.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		11.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		12.5		3.98E-10		3.98E-10		3.98E-10		2.12E-08

		13.5		3.99E-10		3.99E-10		3.99E-10		2.12E-08

		14.5		4.00E-10		4.00E-10		4.00E-10		2.12E-08

		15.5		4.01E-10		4.01E-10		4.01E-10		2.12E-08

		16.5		4.02E-10		4.02E-10		4.02E-10		2.12E-08

		17.5		4.03E-10		4.03E-10		4.03E-10		2.12E-08

		18.5		4.05E-10		4.05E-10		4.05E-10		2.12E-08

		19.5		4.07E-10		4.07E-10		4.07E-10		2.12E-08

		20.5		4.10E-10		4.10E-10		4.10E-10		2.12E-08

		21.5		4.13E-10		4.13E-10		4.13E-10		2.13E-08

		22.5		4.16E-10		4.16E-10		4.16E-10		2.13E-08

		23.5		4.20E-10		4.20E-10		4.20E-10		2.14E-08

		24.5		4.25E-10		4.25E-10		4.25E-10		2.14E-08

		25.5		4.30E-10		4.30E-10		4.30E-10		2.15E-08

		26.5		4.36E-10		4.36E-10		4.36E-10		2.15E-08

		27.5		4.43E-10		4.43E-10		4.43E-10		2.16E-08

		28.5		4.51E-10		4.51E-10		4.51E-10		2.16E-08

		29.5		4.60E-10		4.60E-10		4.60E-10		2.17E-08

		30.5		4.70E-10		4.70E-10		4.70E-10		2.17E-08

		31.5		4.81E-10		4.81E-10		4.81E-10		2.18E-08

		32.5		4.93E-10		4.93E-10		4.93E-10		2.18E-08

		33.5		5.06E-10		5.06E-10		5.06E-10		2.18E-08

		34.5		5.21E-10		5.21E-10		5.21E-10		2.19E-08

		35.5		5.37E-10		5.37E-10		5.37E-10		2.19E-08

		36.5		5.54E-10		5.54E-10		5.54E-10		2.20E-08

		37.5		5.73E-10		5.73E-10		5.73E-10		2.20E-08

		38.5		5.94E-10		5.94E-10		5.94E-10		2.21E-08

		39.5		6.16E-10		6.16E-10		6.16E-10		2.21E-08

		40.5		6.39E-10		6.39E-10		6.39E-10		2.22E-08

		41.5		6.65E-10		6.65E-10		6.65E-10		2.22E-08

		42.5		6.91E-10		6.91E-10		6.91E-10		2.23E-08

		43.5		7.20E-10		7.20E-10		7.20E-10		2.23E-08

		44.5		7.49E-10		7.49E-10		7.49E-10		2.24E-08

		45.5		7.80E-10		7.80E-10		7.80E-10		2.24E-08

		46.5		8.13E-10		8.13E-10		8.13E-10		2.24E-08

		47.5		8.46E-10		8.46E-10		8.46E-10		2.25E-08

		48.5		8.81E-10		8.81E-10		8.81E-10		2.25E-08

		49.5		9.17E-10		9.17E-10		9.17E-10		2.26E-08

		50.5		9.54E-10		9.54E-10		9.54E-10		2.26E-08

		51.5		9.92E-10		9.92E-10		9.92E-10		2.27E-08

		52.5		1.03E-09		1.03E-09		1.03E-09		2.27E-08

		53.5		1.07E-09		1.07E-09		1.07E-09		2.28E-08

		54.5		1.11E-09		1.11E-09		1.11E-09		2.28E-08

		55.5		1.16E-09		1.16E-09		1.16E-09		2.29E-08

		56.5		1.20E-09		1.20E-09		1.20E-09		2.29E-08

		57.5		1.24E-09		1.24E-09		1.24E-09		2.30E-08

		58.5		1.29E-09		1.29E-09		1.29E-09		2.30E-08

		59.5		1.34E-09		1.34E-09		1.34E-09		2.31E-08

		60.5		1.39E-09		1.39E-09		1.39E-09		2.31E-08

		61.5		1.44E-09		1.44E-09		1.44E-09		2.31E-08

		62.5		1.49E-09		1.49E-09		1.49E-09		2.32E-08

		63.5		1.54E-09		1.54E-09		1.54E-09		2.32E-08

		64.5		1.59E-09		1.59E-09		1.59E-09		2.33E-08

		65.5		1.65E-09		1.65E-09		1.65E-09		2.33E-08

		66.5		1.70E-09		1.70E-09		1.70E-09		2.34E-08

		67.5		1.76E-09		1.76E-09		1.76E-09		2.34E-08

		68.5		1.82E-09		1.82E-09		1.82E-09		2.35E-08

		69.5		1.88E-09		1.88E-09		1.88E-09		2.35E-08

		70.5		1.94E-09		1.94E-09		1.94E-09		2.36E-08

		71.5		2.00E-09		2.00E-09		2.00E-09		2.36E-08

		72.5		2.06E-09		2.06E-09		2.06E-09		2.37E-08

		73.5		2.12E-09		2.12E-09		2.12E-09		2.37E-08

		74.5		2.18E-09		2.18E-09		2.18E-09		2.37E-08

		75.5		2.25E-09		2.25E-09		2.25E-09		2.38E-08

		76.5		2.31E-09		2.31E-09		2.31E-09		2.39E-08

		77.5		2.38E-09		2.38E-09		2.38E-09		2.39E-08

		78.5		2.45E-09		2.45E-09		2.45E-09		2.40E-08

		79.5		2.51E-09		2.51E-09		2.51E-09		2.41E-08

		80.5		2.58E-09		2.58E-09		2.58E-09		2.42E-08

		81.5		2.65E-09		2.65E-09		2.65E-09		2.43E-08

		82.5		2.72E-09		2.72E-09		2.72E-09		2.43E-08

		83.5		2.79E-09		2.79E-09		2.79E-09		2.44E-08

		84.5		2.86E-09		2.86E-09		2.86E-09		2.45E-08

		85.5		2.93E-09		2.93E-09		2.93E-09		2.46E-08

		86.5		3.00E-09		3.00E-09		3.00E-09		2.46E-08

		87.5		3.07E-09		3.07E-09		3.07E-09		2.47E-08

		88.5		3.14E-09		3.14E-09		3.14E-09		2.48E-08

		89.5		3.21E-09		3.21E-09		3.21E-09		2.49E-08

		90.5		3.28E-09		3.28E-09		3.28E-09		2.50E-08

		91.5		3.36E-09		3.36E-09		3.36E-09		2.50E-08

		92.5		3.43E-09		3.43E-09		3.43E-09		2.51E-08

		93.5		3.50E-09		3.50E-09		3.50E-09		2.52E-08

		94.5		3.58E-09		3.58E-09		3.58E-09		2.53E-08

		95.5		3.65E-09		3.65E-09		3.65E-09		2.53E-08

		96.5		3.72E-09		3.72E-09		3.72E-09		2.54E-08

		97.5		3.80E-09		3.80E-09		3.80E-09		2.55E-08

		98.5		3.87E-09		3.87E-09		3.87E-09		2.56E-08

		99.5		3.94E-09		3.94E-09		3.94E-09		2.57E-08

		100.5		4.02E-09		4.02E-09		4.02E-09		2.57E-08

		101.5		4.09E-09		4.09E-09		4.09E-09		2.58E-08

		102.5		4.17E-09		4.17E-09		4.17E-09		2.59E-08

		103.5		4.24E-09		4.24E-09		4.24E-09		2.60E-08

		104.5		4.31E-09		4.31E-09		4.31E-09		2.60E-08

		105.5		4.39E-09		4.39E-09		4.39E-09		2.61E-08

		106.5		4.46E-09		4.46E-09		4.46E-09		2.62E-08

		107.5		4.54E-09		4.54E-09		4.54E-09		2.63E-08

		108.5		4.61E-09		4.61E-09		4.61E-09		2.64E-08

		109.5		4.68E-09		4.68E-09		4.68E-09		2.64E-08

		110.5		4.76E-09		4.76E-09		4.76E-09		2.65E-08

		111.5		4.83E-09		4.83E-09		4.83E-09		2.66E-08

		112.5		4.90E-09		4.90E-09		4.90E-09		2.67E-08

		113.5		4.98E-09		4.98E-09		4.98E-09		2.67E-08

		114.5		5.05E-09		5.05E-09		5.05E-09		2.68E-08

		115.5		5.13E-09		5.13E-09		5.13E-09		2.69E-08

		116.5		5.20E-09		5.20E-09		5.20E-09		2.70E-08

		117.5		5.27E-09		5.27E-09		5.27E-09		2.71E-08

		118.5		5.35E-09		5.35E-09		5.35E-09		2.71E-08

		119.5		5.42E-09		5.42E-09		5.42E-09		2.72E-08

		120.5		5.49E-09		5.49E-09		5.49E-09		2.73E-08

		121.5		5.56E-09		5.56E-09		5.56E-09		2.74E-08

		122.5		5.64E-09		5.64E-09		5.64E-09		2.75E-08

		123.5		5.71E-09		5.71E-09		5.71E-09		2.75E-08

		124.5		5.78E-09		5.78E-09		5.78E-09		2.76E-08

		125.5		5.86E-09		5.86E-09		5.86E-09		2.77E-08

		126.5		5.93E-09		5.93E-09		5.93E-09		2.78E-08

		127.5		6.00E-09		6.00E-09		6.00E-09		2.78E-08

		128.5		6.07E-09		6.07E-09		6.07E-09		2.79E-08

		129.5		6.14E-09		6.14E-09		6.14E-09		2.80E-08

		130.5		6.22E-09		6.22E-09		6.22E-09		2.81E-08

		131.5		6.29E-09		6.29E-09		6.29E-09		2.82E-08

		132.5		6.36E-09		6.36E-09		6.36E-09		2.82E-08

		133.5		6.43E-09		6.43E-09		6.43E-09		2.83E-08

		134.5		6.50E-09		6.50E-09		6.50E-09		2.84E-08

		135.5		6.57E-09		6.57E-09		6.57E-09		2.85E-08

		136.5		6.65E-09		6.65E-09		6.65E-09		2.85E-08

		137.5		6.72E-09		6.72E-09		6.72E-09		2.86E-08

		138.5		6.79E-09		6.79E-09		6.79E-09		2.87E-08

		139.5		6.86E-09		6.86E-09		6.86E-09		2.88E-08

		140.5		6.93E-09		6.93E-09		6.93E-09		2.89E-08

		141.5		7.00E-09		7.00E-09		7.00E-09		2.89E-08

		142.5		7.07E-09		7.07E-09		7.07E-09		2.90E-08

		143.5		7.14E-09		7.14E-09		7.14E-09		2.91E-08

		144.5		7.21E-09		7.21E-09		7.21E-09		2.92E-08

		145.5		7.28E-09		7.28E-09		7.28E-09		2.92E-08

		146.5		7.35E-09		7.35E-09		7.35E-09		2.93E-08

		147.5		7.42E-09		7.42E-09		7.42E-09		2.94E-08

		148.5		7.49E-09		7.49E-09		7.49E-09		2.95E-08

		149.5		7.56E-09		7.56E-09		7.56E-09		2.96E-08

		150.5		7.63E-09		7.63E-09		7.63E-09		2.96E-08

		151.5		7.70E-09		7.70E-09		7.70E-09		2.97E-08

		152.5		7.77E-09		7.77E-09		7.77E-09		2.98E-08

		153.5		7.84E-09		7.84E-09		7.84E-09		2.99E-08

		154.5		7.91E-09		7.91E-09		7.91E-09		2.99E-08

		155.5		7.98E-09		7.98E-09		7.98E-09		3.00E-08

		156.5		8.05E-09		8.05E-09		8.05E-09		3.01E-08

		157.5		8.12E-09		8.12E-09		8.12E-09		3.02E-08

		158.5		8.19E-09		8.19E-09		8.19E-09		3.03E-08

		159.5		8.26E-09		8.26E-09		8.26E-09		3.03E-08

		160.5		8.32E-09		8.32E-09		8.32E-09		3.04E-08

		161.5		8.39E-09		8.39E-09		8.39E-09		3.05E-08

		162.5		8.46E-09		8.46E-09		8.46E-09		3.06E-08

		163.5		8.53E-09		8.53E-09		8.53E-09		3.07E-08

		164.5		8.60E-09		8.60E-09		8.60E-09		3.07E-08

		165.5		8.67E-09		8.67E-09		8.67E-09		3.08E-08

		166.5		8.74E-09		8.74E-09		8.74E-09		3.09E-08

		167.5		8.81E-09		8.81E-09		8.81E-09		3.10E-08

		168.5		8.87E-09		8.87E-09		8.87E-09		3.10E-08

		169.5		8.94E-09		8.94E-09		8.94E-09		3.11E-08

		170.5		9.01E-09		9.01E-09		9.01E-09		3.12E-08

		171.5		9.08E-09		9.08E-09		9.08E-09		3.13E-08

		172.5		9.15E-09		9.15E-09		9.15E-09		3.14E-08

		173.5		9.21E-09		9.21E-09		9.21E-09		3.14E-08

		174.5		9.28E-09		9.28E-09		9.28E-09		3.15E-08

		175.5		9.35E-09		9.35E-09		9.35E-09		3.16E-08

		176.5		9.42E-09		9.42E-09		9.42E-09		3.17E-08

		177.5		9.49E-09		9.49E-09		9.49E-09		3.17E-08

		178.5		9.55E-09		9.55E-09		9.55E-09		3.18E-08

		179.5		9.62E-09		9.62E-09		9.62E-09		3.19E-08

		180.5		9.69E-09		9.69E-09		9.69E-09		3.20E-08

		181.5		9.76E-09		9.76E-09		9.76E-09		3.21E-08

		182.5		9.83E-09		9.83E-09		9.83E-09		3.21E-08

		183.5		9.89E-09		9.89E-09		9.89E-09		3.22E-08

		184.5		9.96E-09		9.96E-09		9.96E-09		3.23E-08

		185.5		1.00E-08		1.00E-08		1.00E-08		3.24E-08

		186.5		1.01E-08		1.01E-08		1.01E-08		3.24E-08

		187.5		1.02E-08		1.02E-08		1.02E-08		3.25E-08

		188.5		1.02E-08		1.02E-08		1.02E-08		3.26E-08

		189.5		1.03E-08		1.03E-08		1.03E-08		3.27E-08

		190.5		1.04E-08		1.04E-08		1.04E-08		3.28E-08

		191.5		1.04E-08		1.04E-08		1.04E-08		3.28E-08

		192.5		1.05E-08		1.05E-08		1.05E-08		3.29E-08

		193.5		1.06E-08		1.06E-08		1.06E-08		3.30E-08

		194.5		1.06E-08		1.06E-08		1.06E-08		3.31E-08

		195.5		1.07E-08		1.07E-08		1.07E-08		3.31E-08

		196.5		1.08E-08		1.08E-08		1.08E-08		3.32E-08

		197.5		1.08E-08		1.08E-08		1.08E-08		3.33E-08

		198.5		1.09E-08		1.09E-08		1.09E-08		3.34E-08

		199.5		1.10E-08		1.10E-08		1.10E-08		3.34E-08

		200.5		1.10E-08		1.10E-08		1.10E-08		3.35E-08

		201.5		1.11E-08		1.11E-08		1.11E-08		3.36E-08

		202.5		1.12E-08		1.12E-08		1.12E-08		3.37E-08

		203.5		1.12E-08		1.12E-08		1.12E-08		3.37E-08

		204.5		1.13E-08		1.13E-08		1.13E-08		3.38E-08

		205.5		1.14E-08		1.14E-08		1.14E-08		3.39E-08

		206.5		1.14E-08		1.14E-08		1.14E-08		3.40E-08

		207.5		1.15E-08		1.15E-08		1.15E-08		3.40E-08

		208.5		1.16E-08		1.16E-08		1.16E-08		3.41E-08

		209.5		1.16E-08		1.16E-08		1.16E-08		3.42E-08

		210.5		1.17E-08		1.17E-08		1.17E-08		3.43E-08

		211.5		1.18E-08		1.18E-08		1.18E-08		3.44E-08

		212.5		1.18E-08		1.18E-08		1.18E-08		3.44E-08

		213.5		1.19E-08		1.19E-08		1.19E-08		3.45E-08

		214.5		1.20E-08		1.20E-08		1.20E-08		3.46E-08

		215.5		1.20E-08		1.20E-08		1.20E-08		3.47E-08

		216.5		1.21E-08		1.21E-08		1.21E-08		3.47E-08

		217.5		1.22E-08		1.22E-08		1.22E-08		3.48E-08

		218.5		1.22E-08		1.22E-08		1.22E-08		3.49E-08

		219.5		1.23E-08		1.23E-08		1.23E-08		3.50E-08

		220.5		1.24E-08		1.24E-08		1.24E-08		3.50E-08

		221.5		1.24E-08		1.24E-08		1.24E-08		3.51E-08

		222.5		1.25E-08		1.25E-08		1.25E-08		3.52E-08

		223.5		1.26E-08		1.26E-08		1.26E-08		3.53E-08

		224.5		1.26E-08		1.26E-08		1.26E-08		3.53E-08

		225.5		1.27E-08		1.27E-08		1.27E-08		3.54E-08

		226.5		1.28E-08		1.28E-08		1.28E-08		3.55E-08

		227.5		1.28E-08		1.28E-08		1.28E-08		3.56E-08

		228.5		1.29E-08		1.29E-08		1.29E-08		3.56E-08

		229.5		1.30E-08		1.30E-08		1.30E-08		3.57E-08

		230.5		1.30E-08		1.30E-08		1.30E-08		3.58E-08

		231.5		1.31E-08		1.31E-08		1.31E-08		3.59E-08

		232.5		1.32E-08		1.32E-08		1.32E-08		3.59E-08

		233.5		1.32E-08		1.32E-08		1.32E-08		3.60E-08

		234.5		1.33E-08		1.33E-08		1.33E-08		3.61E-08

		235.5		1.34E-08		1.34E-08		1.34E-08		3.62E-08

		236.5		1.34E-08		1.34E-08		1.34E-08		3.62E-08

		237.5		1.35E-08		1.35E-08		1.35E-08		3.63E-08

		238.5		1.36E-08		1.36E-08		1.36E-08		3.64E-08

		239.5		1.36E-08		1.36E-08		1.36E-08		3.65E-08

		240.5		1.37E-08		1.37E-08		1.37E-08		3.65E-08

		241.5		1.38E-08		1.38E-08		1.38E-08		3.66E-08

		242.5		1.38E-08		1.38E-08		1.38E-08		3.67E-08

		243.5		1.39E-08		1.39E-08		1.39E-08		3.68E-08

		244.5		1.40E-08		1.40E-08		1.40E-08		3.68E-08

		245.5		1.40E-08		1.40E-08		1.40E-08		3.69E-08

		246.5		1.41E-08		1.41E-08		1.41E-08		3.70E-08

		247.5		1.42E-08		1.42E-08		1.42E-08		3.71E-08

		248.5		1.42E-08		1.42E-08		1.42E-08		3.72E-08

		249.5		1.43E-08		1.43E-08		1.43E-08		3.72E-08

		250.5		1.44E-08		1.44E-08		1.44E-08		3.73E-08

		251.5		1.44E-08		1.44E-08		1.44E-08		3.74E-08

		252.5		1.45E-08		1.45E-08		1.45E-08		3.75E-08

		253.5		1.46E-08		1.46E-08		1.46E-08		3.75E-08

		254.5		1.46E-08		1.46E-08		1.46E-08		3.76E-08

		255.5		1.47E-08		1.47E-08		1.47E-08		3.77E-08

		256.5		1.48E-08		1.48E-08		1.48E-08		3.78E-08

		257.5		1.48E-08		1.48E-08		1.48E-08		3.78E-08

		258.5		1.49E-08		1.49E-08		1.49E-08		3.79E-08

		259.5		1.50E-08		1.50E-08		1.50E-08		3.80E-08

		260.5		1.50E-08		1.50E-08		1.50E-08		3.81E-08

		261.5		1.51E-08		1.51E-08		1.51E-08		3.81E-08

		262.5		1.52E-08		1.52E-08		1.52E-08		3.82E-08

		263.5		1.52E-08		1.52E-08		1.52E-08		3.83E-08

		264.5		1.53E-08		1.53E-08		1.53E-08		3.84E-08

		265.5		1.54E-08		1.54E-08		1.54E-08		3.84E-08

		266.5		1.55E-08		1.55E-08		1.55E-08		3.85E-08

		267.5		1.55E-08		1.55E-08		1.55E-08		3.86E-08

		268.5		1.56E-08		1.56E-08		1.56E-08		3.87E-08

		269.5		1.57E-08		1.57E-08		1.57E-08		3.87E-08

		270.5		1.57E-08		1.57E-08		1.57E-08		3.88E-08

		271.5		1.58E-08		1.58E-08		1.58E-08		3.89E-08

		272.5		1.59E-08		1.59E-08		1.59E-08		3.90E-08

		273.5		1.59E-08		1.59E-08		1.59E-08		3.90E-08

		274.5		1.60E-08		1.60E-08		1.60E-08		3.91E-08

		275.5		1.61E-08		1.61E-08		1.61E-08		3.92E-08

		276.5		1.61E-08		1.61E-08		1.61E-08		3.93E-08

		277.5		1.62E-08		1.62E-08		1.62E-08		3.93E-08

		278.5		1.63E-08		1.63E-08		1.63E-08		3.94E-08

		279.5		1.63E-08		1.63E-08		1.63E-08		3.95E-08

		280.5		1.64E-08		1.64E-08		1.64E-08		3.96E-08

		281.5		1.65E-08		1.65E-08		1.65E-08		3.96E-08

		282.5		1.65E-08		1.65E-08		1.65E-08		3.97E-08

		283.5		1.66E-08		1.66E-08		1.66E-08		3.98E-08

		284.5		1.67E-08		1.67E-08		1.67E-08		3.99E-08

		285.5		1.67E-08		1.67E-08		1.67E-08		3.99E-08

		286.5		1.68E-08		1.68E-08		1.68E-08		4.00E-08

		287.5		1.69E-08		1.69E-08		1.69E-08		4.01E-08

		288.5		1.69E-08		1.69E-08		1.69E-08		4.02E-08

		289.5		1.70E-08		1.70E-08		1.70E-08		4.02E-08

		290.5		1.71E-08		1.71E-08		1.71E-08		4.03E-08

		291.5		1.71E-08		1.71E-08		1.71E-08		4.04E-08

		292.5		1.72E-08		1.72E-08		1.72E-08		4.04E-08

		293.5		1.73E-08		1.73E-08		1.73E-08		4.05E-08

		294.5		1.73E-08		1.73E-08		1.73E-08		4.06E-08

		295.5		1.74E-08		1.74E-08		1.74E-08		4.07E-08

		296.5		1.75E-08		1.75E-08		1.75E-08		4.07E-08

		297.5		1.75E-08		1.75E-08		1.75E-08		4.08E-08

		298.5		1.76E-08		1.76E-08		1.76E-08		4.09E-08

		299.5		1.77E-08		1.77E-08		1.77E-08		4.10E-08

		300.5		1.77E-08		1.77E-08		1.77E-08		4.10E-08

		301.5		1.78E-08		1.78E-08		1.78E-08		4.11E-08

		302.5		1.79E-08		1.79E-08		1.79E-08		4.12E-08

		303.5		1.79E-08		1.79E-08		1.79E-08		4.13E-08

		304.5		1.80E-08		1.80E-08		1.80E-08		4.13E-08

		305.5		1.81E-08		1.81E-08		1.81E-08		4.14E-08

		306.5		1.81E-08		1.81E-08		1.81E-08		4.15E-08

		307.5		1.82E-08		1.82E-08		1.82E-08		4.16E-08

		308.5		1.83E-08		1.83E-08		1.83E-08		4.16E-08

		309.5		1.83E-08		1.83E-08		1.83E-08		4.17E-08

		310.5		1.84E-08		1.84E-08		1.84E-08		4.18E-08

		311.5		1.85E-08		1.85E-08		1.85E-08		4.19E-08

		312.5		1.85E-08		1.85E-08		1.85E-08		4.19E-08

		313.5		1.86E-08		1.86E-08		1.86E-08		4.20E-08

		314.5		1.87E-08		1.87E-08		1.87E-08		4.21E-08

		315.5		1.87E-08		1.87E-08		1.87E-08		4.22E-08

		316.5		1.88E-08		1.88E-08		1.88E-08		4.22E-08

		317.5		1.89E-08		1.89E-08		1.89E-08		4.23E-08

		318.5		1.89E-08		1.89E-08		1.89E-08		4.24E-08

		319.5		1.90E-08		1.90E-08		1.90E-08		4.24E-08

		320.5		1.91E-08		1.91E-08		1.91E-08		4.25E-08

		321.5		1.92E-08		1.92E-08		1.92E-08		4.26E-08

		322.5		1.92E-08		1.92E-08		1.92E-08		4.27E-08

		323.5		1.93E-08		1.93E-08		1.93E-08		4.27E-08

		324.5		1.94E-08		1.94E-08		1.94E-08		4.28E-08

		325.5		1.94E-08		1.94E-08		1.94E-08		4.29E-08

		326.5		1.95E-08		1.95E-08		1.95E-08		4.30E-08

		327.5		1.96E-08		1.96E-08		1.96E-08		4.30E-08

		328.5		1.96E-08		1.96E-08		1.96E-08		4.31E-08

		329.5		1.97E-08		1.97E-08		1.97E-08		4.32E-08

		330.5		1.98E-08		1.98E-08		1.98E-08		4.33E-08

		331.5		1.98E-08		1.98E-08		1.98E-08		4.33E-08

		332.5		1.99E-08		1.99E-08		1.99E-08		4.34E-08

		333.5		2.00E-08		2.00E-08		2.00E-08		4.35E-08

		334.5		2.00E-08		2.00E-08		2.00E-08		4.36E-08

		335.5		2.01E-08		2.01E-08		2.01E-08		4.36E-08

		336.5		2.02E-08		2.02E-08		2.02E-08		4.37E-08

		337.5		2.02E-08		2.02E-08		2.02E-08		4.38E-08

		338.5		2.03E-08		2.03E-08		2.03E-08		4.39E-08

		339.5		2.04E-08		2.04E-08		2.04E-08		4.39E-08

		340.5		2.04E-08		2.04E-08		2.04E-08		4.40E-08

		341.5		2.05E-08		2.05E-08		2.05E-08		4.41E-08

		342.5		2.06E-08		2.06E-08		2.06E-08		4.42E-08

		343.5		2.06E-08		2.06E-08		2.06E-08		4.42E-08

		344.5		2.07E-08		2.07E-08		2.07E-08		4.43E-08

		345.5		2.08E-08		2.08E-08		2.08E-08		4.44E-08

		346.5		2.09E-08		2.09E-08		2.09E-08		4.44E-08

		347.5		2.09E-08		2.09E-08		2.09E-08		4.45E-08

		348.5		2.10E-08		2.10E-08		2.10E-08		4.46E-08

		349.5		2.11E-08		2.11E-08		2.11E-08		4.47E-08

		350.5		2.11E-08		2.11E-08		2.11E-08		4.47E-08

		351.5		2.12E-08		2.12E-08		2.12E-08		4.48E-08

		352.5		2.13E-08		2.13E-08		2.13E-08		4.49E-08

		353.5		2.13E-08		2.13E-08		2.13E-08		4.50E-08

		354.5		2.14E-08		2.14E-08		2.14E-08		4.50E-08

		355.5		2.15E-08		2.15E-08		2.15E-08		4.51E-08

		356.5		2.15E-08		2.15E-08		2.15E-08		4.52E-08

		357.5		2.16E-08		2.16E-08		2.16E-08		4.53E-08

		358.5		2.17E-08		2.17E-08		2.17E-08		4.53E-08

		359.5		2.17E-08		2.17E-08		2.17E-08		4.54E-08

		360.5		2.18E-08		2.18E-08		2.18E-08		4.55E-08

		361.5		2.19E-08		2.19E-08		2.19E-08		4.56E-08

		362.5		2.19E-08		2.19E-08		2.19E-08		4.56E-08

		363.5		2.20E-08		2.20E-08		2.20E-08		4.57E-08

		364.5		2.21E-08		2.21E-08		2.21E-08		4.58E-08

		365.5		2.22E-08		2.22E-08		2.22E-08		4.59E-08

		366.5		2.22E-08		2.22E-08		2.22E-08		4.59E-08

		367.5		2.23E-08		2.23E-08		2.23E-08		4.60E-08

		368.5		2.24E-08		2.24E-08		2.24E-08		4.61E-08

		369.5		2.24E-08		2.24E-08		2.24E-08		4.62E-08

		370.5		2.25E-08		2.25E-08		2.25E-08		4.62E-08

		371.5		2.26E-08		2.26E-08		2.26E-08		4.63E-08

		372.5		2.26E-08		2.26E-08		2.26E-08		4.64E-08

		373.5		2.27E-08		2.27E-08		2.27E-08		4.64E-08

		374.5		2.28E-08		2.28E-08		2.28E-08		4.65E-08

		375.5		2.28E-08		2.28E-08		2.28E-08		4.66E-08

		376.5		2.29E-08		2.29E-08		2.29E-08		4.67E-08

		377.5		2.30E-08		2.30E-08		2.30E-08		4.67E-08

		378.5		2.30E-08		2.30E-08		2.30E-08		4.68E-08

		379.5		2.31E-08		2.31E-08		2.31E-08		4.69E-08

		380.5		2.32E-08		2.32E-08		2.32E-08		4.70E-08

		381.5		2.33E-08		2.33E-08		2.33E-08		4.70E-08

		382.5		2.33E-08		2.33E-08		2.33E-08		4.71E-08

		383.5		2.34E-08		2.34E-08		2.34E-08		4.72E-08

		384.5		2.35E-08		2.35E-08		2.35E-08		4.73E-08

		385.5		2.35E-08		2.35E-08		2.35E-08		4.73E-08

		386.5		2.36E-08		2.36E-08		2.36E-08		4.74E-08

		387.5		2.37E-08		2.37E-08		2.37E-08		4.75E-08

		388.5		2.37E-08		2.37E-08		2.37E-08		4.76E-08

		389.5		2.38E-08		2.38E-08		2.38E-08		4.76E-08

		390.5		2.39E-08		2.39E-08		2.39E-08		4.77E-08

		391.5		2.39E-08		2.39E-08		2.39E-08		4.78E-08

		392.5		2.40E-08		2.40E-08		2.40E-08		4.79E-08

		393.5		2.41E-08		2.41E-08		2.41E-08		4.79E-08

		394.5		2.42E-08		2.42E-08		2.42E-08		4.80E-08

		395.5		2.42E-08		2.42E-08		2.42E-08		4.81E-08

		396.5		2.43E-08		2.43E-08		2.43E-08		4.82E-08

		397.5		2.44E-08		2.44E-08		2.44E-08		4.82E-08

		398.5		2.44E-08		2.44E-08		2.44E-08		4.83E-08

		399.5		2.45E-08		2.45E-08		2.45E-08		4.84E-08

		400.5		2.46E-08		2.46E-08		2.46E-08		4.84E-08

		401.5		2.46E-08		2.46E-08		2.46E-08		4.85E-08

		402.5		2.47E-08		2.47E-08		2.47E-08		4.86E-08

		403.5		2.48E-08		2.48E-08		2.48E-08		4.87E-08

		404.5		2.48E-08		2.48E-08		2.48E-08		4.87E-08





quenchproresistivities

		



Bronze

Copper RRR=100, B=2T

Temperature (K)

resistivity (Wm)




