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Experimental Investigations of He II Heat Transfer through a Short Section of LHC Inner Triplet Quadrupole Heat Exchanger

Ch. Darve, Y. Huang, T. H. Nicol and T. J. Peterson

Abstract—The LHC inner triplet quadrupoles, cooled by pressurized He II, are subjected to a total heat load of more than 7 W/m at nominal luminosity. The heat absorbed in pressurized He II will be transferred to the saturated, two-phase He II via a corrugated copper pipe. Experimental investigations of He II heat transfer across the corrugated pipe are reported. The test sample of corrugated pipe is filled with pressurized He II and with saturated He II on the outside. The maximum heat flux to the test sample is up to 145 W/m2. The characteristics of the corrugated copper pipes under investigation are the Kapitza resistance, thermal conductivity of the material and the geometry of the pipe. The test results for a series of bath temperatures and surface treatments are included.

Index Terms— Heat exchanger, He II, Kapitza, LHC 

I. Introduction

T
HE Large Hadron Collider (LHC), currently under construction at CERN, will produce two counter-rotating proton beams, each with an energy of 7 TeV for head on collisions at 4 points. As part of the US LHC Accelerator Project, Fermilab is contributing to the design and production of the inner triplet systems located at each of the four LHC interaction regions (IR). 

The inner triplet quadrupoles will operate in a pressurized He II bath at 1.9 K in order to remove a 1.9 K heat load on the order of 200 W over 30 m. As a comparison, the typical 1.9 K heat load for a single arc cooling loop is approximately 40 W for 107 m. LHC IR inner triplet quadrupole cryostats will use two-phase He II as a cold source. A large diameter heat exchanger is installed between the saturated flow and the static pressurized He II. Geometrical and thermal constraints dictated a heat exchanger outside of and parallel to the cold mass. Magnet heat flows through pressurized He II to the heat exchanger and across the copper tube wall to saturated He II [1]. The resulting temperature rise is dominated by the Kapitza effect at the heat exchanger wall interface between the liquid and the solid. 

In the framework of the LHC cooling scheme study, several test runs permitted us to investigate the performance of the heat exchanger. Hence, three 100 mm long samples have been tested at Fermilab in order to predict the total heat transfer coefficient for potential heat exchanger pipes. This material study is complementary to the main test for the validation of the inner triplet heat exchanger design and provides data for the analysis of a full-scale Heat Exchanger Test Unit which has been tested at CERN (IT-HXTU) [2].

II. Heat transfer model and test procedure

The LHC inner triplet cooling scheme is based on heat exchange between the pressurized He II bath and the flowing saturated He II [3]. The heat generated by dynamic particle beam effect in the superconducting magnets is transported by conduction in pressurized He II to the heat exchanger pipe. The actual design incorporates an oxygen free high conductivity (OFHC) copper pipe. A corrugated geometry provides an increase of the surface area by a factor 1.5 compared to a smooth tube.
The test sample is filled with pressurized He II, at temperature Tpres, while saturated He II, at temperature Tsat, surrounds its external wall. In spite of the reversed location of the pressurized and saturated He II location the heat transfer process is the same as in the actual inner triplet heat exchanger design.
The heat load, Q, generated by Joule-effect through an electrical resistance to the pressurized He II, creates a small difference of temperature, Tpres-Tsat across the copper wall, which is wetted on its surfaces over their full length. Thus, the total transverse thermal resistance, Rth, is equal to the sum of the two Kapitza resistances at the interface between solid and liquid, plus the resistance of the copper wall. Since the temperature difference at a constant bath temperature is negligible compared to this bath temperature, the thermal conductivity can be considered constant, hence, we assume that the given bulk thermal resistance of the copper is constant. We can make the assumption that both Kapitza resistances at the interface of the copper pipe with the pressurized and saturated He II, are equal to RKapitza. Thus, we can write:
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Within the small variation of temperature observed, the Kapitza resistance varies as Tsat-3. Therefore, we can express Rth, as follows: 

[image: image22.wmf]2

4

6

8

10

12

0.12

0.14

0.16

0.18

0.20

Tsat

-3

 (K

-3

)

Rth 

(10

-3

 K. W

-1

)

#1

#2

#3

Linear

(#3)

Linear

(#1)

Linear

(#2)

[image: image23.wmf](

)

S

CKapitza

2

=

a

[image: image24.wmf]b

a

+

÷

ø

ö

ç

è

æ

=

3

1

Tsat

Rth

with: 

where Ckapitza  is the Kapitza coefficient characterizing the interface, th is the wall thickness, S the interface surface area and (cu is the copper thermal conductivity. 

Thus, plotting Rth versus Tsat-3, we can determine the Kapitza coefficient and the copper thermal conductivity. The transverse conductance is found from the intercept . The Kapitza conductance is defined by the ratio Q/T per unit area, where T is the difference of temperature between the copper and the He II media. Hence, the Kapitza conductance, which has units, W
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cm-2, is deduced from Ckapitza.

III. Description of the experiment 

A. Samples

The small-scale samples are 100 mm long corrugated pipes. The design of the short sample device assembly is shown in Fig. 1. The assembly is designed in order to be tested in a 500 mm long and 500 mm ID dewar. Parameters of the three samples are defined in table I. The first tested sample is the same corrugated pipe used for the IT-HXTU. It is made out of industrial OFHC copper, without any specific surface treatment. The second tested sample is the same geometry as the previous one but treated with hydrochloric acid, then rinsed with distilled water. The third sample permits us to compare the effect of the material quality. For this reason, we have chosen a bronze (95% Cu-5% Sn) sample. The geometry of the last one is different from the two first samples. The shape of sample #1 and #2 is a helical corrugated pipe, in contrast to the bellows shape for sample #3.  
The corrugated pipe was soldered into grooves of thick-wall lower thermal conductivity stainless steel flanges at both ends. 

B. Test Set-up 

The test setup is composed of the test dewar, pumping unit, vacuum pump, helium gas supply, and liquid helium supply. 
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Fig.  1. Corrugated pipe testing device sample assembly

Fig.  2. Scheme of the cryogenic system

Several valves, indicators and sensors permit precise control of the measurements. Thermometer, level indicator, and pressure transducer are mounted in both saturated and pressurized He II volumes. Two calibrated Lake Shore® germanium thermometers measure the temperature of the pressurized, Tpres, and the saturated He II, Tsat. Both temperatures are deduced from their respective Chebychev calibration fits. The temperature is measured with the four-wire technique and the use of 0.2 A current prevents self-heating. A resistive heater is mounted inside the test sample to provide a heat load, Q, to the pressurized He II bath. Fig. 2 illustrates the schematic of the test system.
The system minimizes parasitic leaks due to radiation, conduction, and heat transport into superfluid helium. An electrical rack contains power supplies for the instrumentation and control as well as switches from the electronics. The signals are read through digital voltmeters (DVM). The two DVMs communicate the read-out voltages to a computer. The data acquisition system permits the recording of five sets of data per minute. Each set of data consists of ten channels. 

C. Test Procedure

The test mainly consists of measuring the steady-state behavior of the heat exchanger corrugated pipe, such as temperature difference Tpres-Tsat, for various applied heat loads, Q, and various temperatures Tsat. This temperature difference provides the total thermal resistance. The heat loads are applied to the pressurized sample inner volume, acting as a dummy magnet. LHC magnet heat load values are scaled down to this small scale. Therefore, the input power ranged from 0 to 9 Watts. The saturated He II temperature, can be controlled by the opening of a valve to the pumping unit. During the measurement, the helium level indicators confirm that 100% of the sample length is wetted on both sides. Therefore, measurements are provided for a corrugated pipe, wetted over 100% of its perimeter by the liquid phase of the saturated He II.

Once the saturated He II temperature is stabilized, the electrical power is increased in the pressurized He II volume in steps. For each heat load, temperatures are recorded after temperatures are stabilized within 1 mK. 

Fig.  3. Measured temperature differences for sample #1

Finally, measurements are repeated for temperature, Tsat, varying from 1.75 K to 2.00 K with an increment of 0.05 K. The run was repeated for each sample assembly. 

IV. Results and discussion

A. Results

The difference of temperature between the saturated and the pressurized He II is investigated for different temperatures Tsat expected during the LHC run. The maximal difference of temperature expected during the LHC operation is estimated to be 50 mK when the saturated vapor temperature at the feedbox on the pumping line is equal to 1.85 K [1]. 

The difference of temperature, Tpres-Tsat, is measured as a function of the applied heat load, Q. For each sample and for various saturated He II temperatures, we can plot the evolution of Tpres-Tsat versus Q. Fig. 3 and Fig. 4 focus on the untreated OFHC sample #1, which is similar to the material used for the IT-HXTU and for the current inner triplet design. Fig. 3 shows a typical set of raw measurements. The measurements display linear behavior. Test run analyses for the two other samples are consistent with Fig. 3. 
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In a second step, we plot Rth vs. Tsat-3 for each sample. Fig. 4 illustrates the linear behavior of the transverse thermal resistance vs. Tsat-3. Results for the two other test runs are consistent with this observation. Hence, we can deduce the Kapitza coefficient and the thermal conductivity of the three samples by using the linear regression fits to these curves. 

The transverse thermal resistance expressed for sample #1 yields a CKapitza, equal to 893(27 W
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K-4. The copper thermal conductivity is of the order of 88 W
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m-1. The Kapitza conductance at 1.85 K is 0.565 W
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cm-2.

 Fig. 5 compares performances of the three samples. The total resistance, Rth, is illustrated vs. Tsat-3. Table I summarizes results for each sample. Sample #2 shows Kapitza conductance of 0.720 W
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Some parasitic heat is transferred to the system by radiation, conduction through the supporting system and the conduction in He II. Calculation and experimental data predict 0.2 Watt of parasitic heat to the system. The error in the measurement of the temperature difference is (1 mK for the observed temperature range. The root-mean-square error of the two germanium temperature sensors calibration is 

0.71 mK and the accuracy is 3 mK. The error in the Kapitza coefficient calculation is estimated to (3 %. 

B. Discussion 


Test results emphasize that the Kapitza conductance depends strongly on the material quality and the surface treatment. For thin OFHC copper the Kapitza effect is the dominant resistance to heat transfer over conduction for OFHC materials. With respect to the temperature range explored, the influence of the treated surface permits a heat exchange improvement of 27% for OFHC copper. 

The performance of sample #3 compared to sample #1 is 37% lower. Whereas, the conduction is negligible compared to the interfacial Kapitza phenomenon in the case of sample #1 and #2, conduction through the solid is not negligible for the case of sample #3. Conduction through the solid is strongly dependent on parameters like material quality.

The measured thermal conductivity of the OFHC copper sample agrees well with values found in the literature. It corresponds to an OFHC copper with a RRR of 50. Measurements show a thermal conductivity at 2 K about 37 times larger for OFHC samples than for the bronze material. 
Test results show that measured Kapitza conductances are in good agreement with results from other experiments [4]. If we compare these results to those obtained for a smooth pipe [5], we note that similar Kapitza coefficients are obtained in the case of OFHC samples. 
Whereas this experimental material study proves the good thermal performance of an OFHC corrugated heat exchanger with a treated surface, the choice of the final heat exchanger for the LHC inner triplet must consider additional issues, such as the difficulty of chemical treatment applied on a full-scale unit. The cost and complexity of a large-scale treatment on the corrugated pipe would be important. For example, a nitrogen atmosphere could prevent the oxidation of the treated copper pipe. Due to the good performance of the OFHC sample #1 and the reasonable cost of this material for the full production of the LHC inner triplet heat exchanger, there is no need to choose a different material and surface

Fig. 4. Total transverse thermal resistance for sample #1

Fig.  5. Comparison of thermal resistance 

treatment than the existing one. The current choice of the heat exchanger design can be partly validated with this test run. It will be confirmed by the results of the inner triplet Heat Exchanger Test Unit. 

The IT-HXTU will allow us to investigate the thermo-hydraulic behavior and thermal performance of the inner triplet heat exchanger, taking into account the saturated He II mass-flow estimate for LHC conditions as well as the actual wetted surface area.

V. Conclusions

The primary goals, measurements of the heat exchanger performance and the temperature difference across the small-scale LHC inner triplet heat exchanger wall, was successful and permits extrapolation to the full-scale model (IT-HXTU). The measured total thermal conductance yields a Kapitza coefficient of 893 W
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m-2 (3%. Therefore, a Kapitza conductance of 0.565 W
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cm-2 is estimated for the operating temperature of 1.85 K. 

[image: image28.wmf]On the other hand, measurements were dedicated to material studies and thermal performance of copper based corrugated pipes, at He II temperature. We came to the conclusion that an improvement of 27% of the heat transfer performance can be achieved if the surface of an OFHC corrugated pipe is treated with hydrochloric acid. 

The results of the test eliminate the choice of a bronze bellows, with performance 37% lower than the untreated OFHC choice. 

Even if we measured better performance for treated OFHC corrugated pipe, the choice of the LHC IRQ inner triplet heat exchanger material should be compatible with any method of surface treatment. Since the measured performance of the existing heat exchanger is favorable, there is no need for further improvement. The final validation will be given with the IT-HXTU results.

References

[1] R. Byrns, et. al., “The Cryogenics of the LHC Interaction Region Final Focus Superconducting Magnets,” published in the proceedings of ICEC-17, Bournemouth, UK, 1998.

[2] Ch. Darve, Y. Huang, J. Kerby, T. H. Nicol, and T. J. Peterson, “A He II Heat Exchanger Test Unit designed for the LHC interaction region magnets,” published in the proceedings of CEC-ICMC '99, Montreal, CA, 12-16 Jul 1999.

[3] T. J. Peterson, et. al, “Thermal Studies of a High Gradient Quadrupole Magnet Cooled with Pressurized, Stagnant Superfluid,” presented at ASC 2000, Virginia Beach, USA, 17-22 Sept. 2000.

[4] A. Bezaguet, J. Casas-Cubillos, P. Lebrun, M. Marquet, L. Tavian, and R. Van Weelderen, “The Superfluid Helium Model Cryoloop for the CERN Large Hadron Collider,” CERN AT/93/21 (CR)-Note 233, published in the proceedings of CEC, Albuquerque, 1993.

[5] D. Camacho, S. Chevassus, C. Policella, J.M. Rieubland, G. Vandoni, and R. Van Weelderen, “Thermal Characterization of the He II LHC Heat Exchanger Tube,” published in the proceedings of ICEC 17, Bournemouth, UK, 14-17 Jul 1998.

TABLE I : Characteristics of the three samples and Results



#1 - OFHC
#2 – OFHC + HCl
#3 - Bronze

Characteristics






OD/ ID (mm)
97/86
97/86
123/101


Wall thickness (mm)
0.7
0.7
0.5


Corrugation depth (mm)
5
5
11


Corrugation pitch (mm)
12.4
12.4
11.7


Surface (cm2) for one side
416
416
978


Shape of the corrugated pipe
Helical
Helical
Bellows


Surface treatment
None
Hydrochloric acid
None

Results
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0.72
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88
88
2.4


Relative performance
Ref.
27%
-37%
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				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

				4.4420906007		47.51																				150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

				4.7170607419		50.19																				306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

				5.0378745316				49.28

				5.6870808825				54.65

				6.1978752711				59.27

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

				5.472824427						49.19

				2.5669172231						24.34

				6.0988026001						54.64

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

				5.1558669482								43.37

				5.6408094948								46.98

				6.1563058004								51.14

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				1.9228486166										15.48

				2.6677573908										21.14

				3.1469520259										25.28

				3.5449470115										27.99

				4.2315346462										33.13

				4.5329496046										35.20

				5.1470937626										40.14

				5.6483077067										43.42

				6.1672630056										47.10

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89

				5.6775093967												40.72

				6.1924588996												43.91

				6.547825646												46.76

				7.1003435521												49.55

				7.8805488762												54.94

				9.1054571577												63.01





T3

		0

		0.503134604

		0.9886699821

		1.5699004881

		2.0192302342

		2.5571184677

		3.157901103

		3.5512899613

		3.9637183161

		4.4420906007

		4.7170607419



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

47.5132219221

50.18616387



		0

		0.5170143334

		1.001332401

		1.5704940947

		2.041873068

		2.0434402446

		2.7957744209

		3.1640746388

		3.5635992843

		3.9757344042

		4.5579388946

		5.0378745316

		5.6870808825

		6.1978752711



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

49.2794749188

54.6478380241

59.2682652099



		0

		0.5051610606

		0.9889099587

		1.5507912554

		2.0184034204

		2.668884766

		3.027695437

		3.5445635083

		3.9504845692

		4.5325567528

		5.1558669482

		5.6408094948

		6.1563058004



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

43.366397177

46.9757133971

51.1434390987



		0

		0.5561782988

		1.6329879793

		2.6677573908

		3.5449470115

		4.5329496046

		5.6483077067

		6.1672630056

		1.9228486166

		3.1469520259

		4.2315346462

		5.1470937626

		1.0665588694

		0



dt [mK]

Measurement of the performance of the small scale heat exchanger @1.95K

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

43.421013168

47.0975613162

15.4828587525

25.2756457829

33.1314176943

40.1384293933

9.3892488699

1.1046385838



		0

		0.557612616

		0.9975401062

		1.5601013199

		2.0319515518

		2.5679438579

		3.0453651269

		3.5592341625

		3.9701478356

		3.9704918773

		4.5561449083

		4.8625005517

		5.6775093967

		6.1924588996

		6.547825646

		7.1003435521

		7.8805488762

		9.1054571577



dt [mK]

Measurement of the performance of the small scale heat exchanger @2.00K

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445

40.718436072

43.914098594

46.7619409161

49.5503807665

54.9409983879

63.0082861487



		0

		0.5275837107

		0.9938375

		1.5458005841

		2.0126436349

		2.663208583

		3.1522944496

		3.5361650619

		3.9459019604

		4.5271479433

		4.9888839415

		5.472824427

		2.5669172231

		6.0988026001



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

49.1851607069

24.3428820754

54.6379014133



		0		0		0		0		0		0

		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604

		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821

		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881

		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342

		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677

		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103

		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613

		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161

		0		0		0		0		0		0

		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334

		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401

		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947

		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068

		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446

		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209

		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388

		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843

		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042

		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946

		0		0		0		0		0		0

		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107

		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375

		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841

		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349

		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583

		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496

		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619

		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604

		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433

		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415

		0		0		0		0		0		0

		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606

		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587

		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554

		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204

		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766

		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437

		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083

		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692

		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528

		0		0		0		0		0		0

		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988

		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793

		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908

		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115

		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046

		0		0		0		0		0		0

		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616

		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062

		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199

		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518

		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579

		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269

		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625

		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356

		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773

		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083

		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445



		



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Q (Watt)

(Tpres-Tsat) (mK)



		0.1871723655		0.1871723655		0.1871723655

		0.1717946212		0.1717946212		0.1717946212

		0.1581071668		0.1581071668		0.1581071668

		0.1456592802		0.1456592802		0.1456592802

		0.13465593		0.13465593		0.13465593

		0.1245762508		0.1245762508		0.1245762508



#1

#2

#3

Tsat-3 (K-3)

Rth (10-3 K. W-1)

10.282

7.07

10.858

9.34

6.4738

10.488

8.7153

5.7602

9.9671

8.1164

5.2055

9.5583

7.4958

4.9158

9.0293

6.8695

4.4296

8.6304



		0.1865889213

		0.1714677641

		0.1579373384

		0.1457938475

		0.1348640402

		0.125



Rthtotal

Tsat-3 (K-3)

Rth  (10-3 KW-1)

10.282

9.34

8.7153

8.1164

7.4958

6.8695



				Qelec		T3=1.75K		T3=1.80K		T3=1.85K		T3=1.90K		T3=1.95K		T3=2.00K				1.75K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.80K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.85K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.90K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				1.95K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				2K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]

		1.75K		0		1.69																file21.dat		8/26/99		1205				0		69.175				0				1.75E+00		1.7483		1.69				file6.dat		8/24/99		120				0		69.175				0				1.80E+00		1.7999		1.47				file21.dat		8/26/99		446				0		69.66				0				1.85E+00		1.8495		1.34				file11.dat		8/25/99		100				0		69.654				0				1.90E+00		1.8986		0.97						file31.dat		8/27/99		1110				0		69.654				0				1.95E+00		1.9507		1.21						file41.dat		8/27/99		101				0		69.555				0				2.00E+00		2.0019		0.88

				0.503134604		7.04																				1295				5.89952		69.175				0.503134604				1.76E+00		1.7494		7.04								261				5.98034		69.175				0.5170143334				1.81E+00		1.7994		6.44								510				6.0623		69.66				0.5275837107				1.86E+00		1.8498		6.16								181				5.93182		69.654				0.5051610606				1.91E+00		1.8999		5.34										1175				6.22415		69.654				0.5561782988				1.96E+00		1.9506		5.30										165				6.22774		69.555				0.557612616				2.01E+00		2.0027		4.44

				0.9886699821		12.18																				1341				8.2699		69.175				0.9886699821				1.76E+00		1.7485		12.18								320				8.32269		69.175				1.001332401				1.81E+00		1.7987		11.47								550				8.3205		69.66				0.9938375				1.86E+00		1.8498		10.35								235				8.29949		69.654				0.9889099587				1.91E+00		1.9004		9.32										1210				10.66509		69.654				1.6329879793				1.96E+00		1.9506		13.59										243				8.3297		69.555				0.9975401062				2.01E+00		2.0017		7.98

				1.5699004881		18.44																				1375				10.42103		69.175				1.5699004881				1.77E+00		1.7486		18.44								366				10.423		69.175				1.5704940947				1.82E+00		1.7993		16.43								600				10.37692		69.66				1.5458005841				1.86E+00		1.8492		15.41								300				10.39321		69.654				1.5507912554				1.91E+00		1.9003		14.14										1263				13.63158		69.654				2.6677573908				1.97E+00		1.9509		21.14										280				10.41695		69.555				1.5601013199				2.01E+00		2.0022		11.68

				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

																										150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

																										306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				2.6677573908										21.14

				3.5449470115										27.99

				4.5329496046										35.20

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89





		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K



		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.95K

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @2.00K

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger



		

						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27456

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output

				Voltage (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL1		ZU1		Z		X		A1_0		A1_1		A1_2		A1_3		A1_4		A1_5		A1_6		A1_7		A1_8

		1.75K		1.59E-02		1.59E+04		1.7500				2.4161489698		4.7763403204		4.2017133067		0.5130674353		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.57E-02		1.57E+04		1.7564								4.1966450583		0.5087726579

				1.56E-02		1.56E+04		1.7607								4.1932473527		0.5058934797

				1.54E-02		1.54E+04		1.7670								4.1883037187		0.5017042991

				1.53E-02		1.53E+04		1.7713								4.1849076727		0.4988265273

				1.51E-02		1.51E+04		1.7771								4.1804008795		0.4950075207

				1.50E-02		1.50E+04		1.7829								4.1759357538		0.4912238226

				1.49E-02		1.49E+04		1.7868								4.172890906		0.4886436524

				1.48E-02		1.48E+04		1.7911								4.1696274172		0.4858782081

				1.47E-02		1.47E+04		1.7957								4.1660596066		0.4828548849

				1.46E-02		1.46E+04		1.7997								4.162988637		0.4802525793

		1.80K		1.45E-02		1.45E+04		1.8013				2.4161489698		4.7763403204		4.1617787404		0.4792273263		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.44E-02		1.44E+04		1.8058								4.1583848094		0.4763513468

				1.43E-02		1.43E+04		1.8102								4.1550793331		0.4735503228

				1.42E-02		1.42E+04		1.8157								4.1509129418		0.470019769

				1.40E-02		1.40E+04		1.8210								4.1469452909		0.4666576256

				1.40E-02		1.40E+04		1.8204								4.147413195		0.4670541223

				1.39E-02		1.39E+04		1.8277								4.1419800101		0.4624501016

				1.38E-02		1.38E+04		1.8307								4.1397497229		0.460560181

				1.37E-02		1.37E+04		1.8344								4.1370159138		0.4582435814

				1.36E-02		1.36E+04		1.8383								4.134126405		0.4557950437

				1.35E-02		1.35E+04		1.8435								4.1303041711		0.4525561251

				1.34E-02		1.34E+04		1.8481								4.1269154825		0.4496845879

				1.33E-02		1.33E+04		1.8540								4.1225991993		0.4460270173

				1.31E-02		1.31E+04		1.8593								4.1187959405		0.4428041779

		1.85K		1.33E-02		1.33E+04		1.8509				2.4161489698		4.7763403204		4.124907032		0.4479826491		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.32E-02		1.32E+04		1.8559								4.1212265274		0.4448638304

				1.31E-02		1.31E+04		1.8601								4.1181734253		0.4422766655

				1.30E-02		1.30E+04		1.8646								4.1149407494		0.4395373317

				1.29E-02		1.29E+04		1.8690								4.1117724765		0.4368525724

				1.28E-02		1.28E+04		1.8745								4.1078443225		0.4335238982

				1.27E-02		1.27E+04		1.8788								4.1048079337		0.4309508959

				1.27E-02		1.27E+04		1.8824								4.1021859568		0.4287290618

				1.26E-02		1.26E+04		1.8854								4.1000798842		0.4269443992

				1.25E-02		1.25E+04		1.8908								4.0962866138		0.4237300239

				1.24E-02		1.24E+04		1.8948								4.0934595092		0.4213343668

				1.23E-02		1.23E+04		1.8986								4.0907915087		0.4190735327

				0.01222753		1.22E+04		1.9036								4.087338737		0.4161476923

				1.28E-02		1.28E+04		1.8737								4.1084476401		0.4340351429

		1.90K		1.23E-02		1.23E+04		1.8996				2.4161489698		4.7763403204		4.090102794		0.4184899235		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.22E-02		1.22E+04		1.9052								4.0861785995		0.4151646046

				1.21E-02		1.21E+04		1.9097								4.0830318791		0.4124981086

				1.20E-02		1.20E+04		1.9145								4.0797490766		0.4097162981

				1.20E-02		1.20E+04		1.9179								4.0774017026		0.4077271594

				1.19E-02		1.19E+04		1.9232								4.0737531658		0.4046354297

				1.18E-02		1.18E+04		1.9272								4.070994109		0.4022974356

				1.17E-02		1.17E+04		1.9316								4.0679746022		0.399738739

				1.17E-02		1.17E+04		1.9335								4.0667160559		0.3986722608

				1.16E-02		1.16E+04		1.9389								4.0630134322		0.3955346985

				1.15E-02		1.15E+04		1.9435								4.0599104876		0.3929052976

				1.14E-02		1.14E+04		1.9473								4.0573796489		0.3907606929

				1.13E-02		1.13E+04		1.9515								4.0545567535		0.3883686026

		1.95K		1.13E-02		1.13E+04		1.9519				2.4161489698		4.7763403204		4.0542670897		0.3881231448		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.13E-02		1.13E+04		1.9559								4.0515885282		0.3858533614

				1.11E-02		1.11E+04		1.9642								4.0460309665		0.3811439452

				1.10E-02		1.10E+04		1.9720								4.040875567		0.3767753168

				1.09E-02		1.09E+04		1.9791								4.0361871913		0.3728024392

				1.08E-02		1.08E+04		1.9860								4.0316725966		0.3689768216

				1.06E-02		1.06E+04		1.9944								4.0261903511		0.3643312276

				1.06E-02		1.06E+04		1.9981								4.0238275703		0.3623290333

				1.11E-02		1.11E+04		1.9667								4.0443782418		0.3797434446

				1.09E-02		1.09E+04		1.9762								4.0381323498		0.3744507449

				1.08E-02		1.08E+04		1.9834								4.0334028445		0.3704430145

				1.07E-02		1.07E+04		1.9907								4.028640783		0.3664076964

				1.12E-02		1.12E+04		1.9593								4.0493351113		0.3839438409

				1.13E-02		1.13E+04		1.9514								4.054604629		0.3884091718

		2.00K		1.05E-02		1.05E+04		2.0028				2.4161489698		4.7763403204		4.0208139892		0.3597753581		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.04E-02		1.04E+04		2.0071								4.0179939878		0.3573857201

				1.04E-02		1.04E+04		2.0097								4.0163471133		0.3559901769

				1.03E-02		1.03E+04		2.0139								4.0136813806		0.3537312645

				1.03E-02		1.03E+04		2.0167								4.0118587499		0.3521867874

				1.02E-02		1.02E+04		2.0205								4.0094419718		0.3501388365

				1.02E-02		1.02E+04		2.0242								4.0070723475		0.3481308431

				1.01E-02		1.01E+04		2.0276								4.0049087789		0.346297459

				1.01E-02		1.01E+04		2.0305								4.0031290838		0.3447893651

				1.01E-02		1.01E+04		2.0303								4.0032144484		0.3448617021

				1.00E-02		1.00E+04		2.0339								4.0009626318		0.3429535377

				9.99E-03		9.99E+03		2.0360								3.9996298234		0.3418241306

				9.91E-03		9.91E+03		2.0419								3.9959272581		0.3386866179

				9.86E-03		9.86E+03		2.0451								3.993927565		0.3369921001

				9.82E-03		9.82E+03		2.0478								3.9922167317		0.3355423589

				9.77E-03		9.77E+03		2.0513								3.9900718904		0.3337248441

				9.70E-03		9.70E+03		2.0563								3.9869355712		0.331067162

				9.59E-03		9.59E+03		2.0646								3.9817973221		0.3267130667





		

						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27457

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output				Lower limits		Upper limit		Log(Resistance)

				V (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL		ZU		Z		X		A_0		A_1		A_2		A_3		A_4		A_5		A_6		A_7		A_8

		1.75K		1.70E-02		1.70E+04		1.7483				2.4212007922		4.8120469066		4.2301650044		0.5132418613		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.70E-02		1.70E+04		1.7494								4.2293280182		0.5125417024

				1.70E-02		1.70E+04		1.7485								4.2300133867		0.5131150295

				1.70E-02		1.70E+04		1.7486								4.2299913939		0.513096632

				1.70E-02		1.70E+04		1.7483								4.2301974687		0.5132690186

				1.70E-02		1.70E+04		1.7486								4.2299929283		0.5130979156

				1.70E-02		1.70E+04		1.7482								4.230281558		0.5133393613

				1.70E-02		1.70E+04		1.7481								4.2303594986		0.5134045604

				1.70E-02		1.70E+04		1.7483								4.2302327422		0.5132985257

				1.70E-02		1.70E+04		1.7482								4.2302813025		0.5133391475

				1.70E-02		1.70E+04		1.7496								4.2291862285		0.5124230919

		1.80K		1.55E-02		1.55E+04		1.7999				2.4212007922		4.8120469066		4.1893502052		0.4790993049		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.55E-02		1.55E+04		1.7994								4.1897370082		0.4794228749

				1.55E-02		1.55E+04		1.7987								4.1902442701		0.4798472116

				1.55E-02		1.55E+04		1.7993								4.1897990106		0.4794747414

				1.55E-02		1.55E+04		1.7997								4.189493121		0.4792188574

				1.55E-02		1.55E+04		1.7991								4.1899140143		0.4795709447

				1.55E-02		1.55E+04		1.7990								4.1900031913		0.4796455434

				1.55E-02		1.55E+04		1.7988								4.1901562638		0.4797735922

				1.55E-02		1.55E+04		1.7991								4.1899667375		0.4796150489

				1.55E-02		1.55E+04		1.7988								4.1901369225		0.4797574127

				1.55E-02		1.55E+04		1.7987								4.1902395059		0.4798432262

				1.55E-02		1.55E+04		1.7988								4.1901540214		0.4797717164

				1.55E-02		1.55E+04		1.7994								4.1897238211		0.4794118435

				1.55E-02		1.55E+04		1.8000								4.18924067		0.4790076761

		1.85K		1.42E-02		1.42E+04		1.8495				2.4212007922		4.8120469066		4.1517463616		0.4476427897		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.42E-02		1.42E+04		1.8498								4.1515665714		0.4474923909

				1.42E-02		1.42E+04		1.8498								4.1515494155		0.4474780396

				1.42E-02		1.42E+04		1.8492								4.1519762743		0.4478351172

				1.42E-02		1.42E+04		1.8496								4.1517145132		0.4476161478

				1.42E-02		1.42E+04		1.8493								4.1519162822		0.4477849323

				1.42E-02		1.42E+04		1.8496								4.1516737807		0.447582074

				1.42E-02		1.42E+04		1.8496								4.1516832751		0.4475900163

				1.42E-02		1.42E+04		1.8492								4.1519704591		0.4478302526

				1.42E-02		1.42E+04		1.8496								4.1516982819		0.4476025699

				1.42E-02		1.42E+04		1.8495								4.1517166569		0.447617941

				1.42E-02		1.42E+04		1.8494								4.1518091328		0.4476952993

				1.42E-02		1.42E+04		1.8489								4.1521886287		0.4480127567

				1.42E-02		1.42E+04		1.8493								4.1518930177		0.447765471

		1.90K		1.31E-02		1.31E+04		1.8986				2.4212007922		4.8120469066		4.1160961174		0.4178205072		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.30E-02		1.30E+04		1.8999								4.1152093112		0.4170786725

				1.30E-02		1.30E+04		1.9004								4.1148180753		0.4167513943

				1.30E-02		1.30E+04		1.9003								4.1148730829		0.4167974095

				1.30E-02		1.30E+04		1.8995								4.1154777071		0.4173031921

				1.30E-02		1.30E+04		1.8993								4.1155948701		0.4174012018

				1.30E-02		1.30E+04		1.9010								4.1143901117		0.4163933925

				1.30E-02		1.30E+04		1.9013								4.1142038509		0.4162375809

				1.30E-02		1.30E+04		1.8996								4.1154071277		0.4172441508

				1.30E-02		1.30E+04		1.9009								4.1144668626		0.4164575965

				1.30E-02		1.30E+04		1.9002								4.1150110713		0.4169128401

				1.30E-02		1.30E+04		1.9003								4.1149090841		0.4168275254

				1.30E-02		1.30E+04		1.9003								4.1148867504		0.4168088427

		1.95K		1.20E-02		1.20E+04		1.9507				2.4212007922		4.8120469066		4.0798495451		0.3874993818		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.20E-02		1.20E+04		1.9506								4.0799099234		0.3875498897

				1.20E-02		1.20E+04		1.9506								4.0798806206		0.3875253772

				1.20E-02		1.20E+04		1.9509								4.0797190761		0.3873902414

				1.20E-02		1.20E+04		1.9511								4.0795350519		0.3872363007

				1.20E-02		1.20E+04		1.9508								4.079755221		0.3874204775

				1.20E-02		1.20E+04		1.9510								4.0796193006		0.3873067768

				1.20E-02		1.20E+04		1.9510								4.0796409929		0.3873249229

				1.20E-02		1.20E+04		1.9512								4.0794706792		0.3871824515

				1.20E-02		1.20E+04		1.9509								4.0797024485		0.387376332

				1.20E-02		1.20E+04		1.9503								4.080146839		0.3877480753

				1.20E-02		1.20E+04		1.9505								4.0799510741		0.3875843133

				1.20E-02		1.20E+04		1.9499								4.0803973758		0.3879576554

				1.20E-02		1.20E+04		1.9503								4.0801183105		0.3877242105

		2.00K		1.11E-02		1.11E+04		2.0019				2.4212007922		4.8120469066		4.0456386079		0.358881114		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.11E-02		1.11E+04		2.0027								4.0451069516		0.3584363708

				1.11E-02		1.11E+04		2.0017								4.0457449393		0.3589700628

				1.11E-02		1.11E+04		2.0022								4.0454442513		0.3587185301

				1.11E-02		1.11E+04		2.0017								4.0457840251		0.359002759

				1.11E-02		1.11E+04		2.0013								4.0459946374		0.3591789413

				1.11E-02		1.11E+04		2.0017								4.0457593624		0.358982128

				1.11E-02		1.11E+04		2.0020								4.0455521945		0.3588088271

				1.11E-02		1.11E+04		2.0020								4.0455729196		0.3588261642

				1.11E-02		1.11E+04		2.0014								4.0459204073		0.359116846

				1.11E-02		1.11E+04		2.0009								4.0462555144		0.3593971711

				1.11E-02		1.11E+04		2.0011								4.0461356398		0.3592968931

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0011								4.0461637567		0.3593204135

				1.11E-02		1.11E+04		2.0017								4.0457347764		0.3589615612

				1.11E-02		1.11E+04		2.0014								4.0459579146		0.3591482217

				1.11E-02		1.11E+04		2.0016								4.045796141		0.3590128943
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										a1		b1

										53.9		0.1904

						a		b

		T		1/T^3		Rthtotal		Rest		X/Y=0		fit		error (fit/real)

		1.75		0.1865889213		10.282		2.0332		-197.743629644		10.2475428571		0.0344571429

		1.8		0.1714677641		9.34		1.987		-212.7408993576		9.4325124829		-0.0925124829

		1.85		0.1579373384		8.7153		1.7473		-200.4865007516		8.7032225377		0.0120774623

		1.9		0.1457938475		8.1164		1.4909		-183.6898132177		8.0486883802		0.0677116198

		1.95		0.1348640402		7.4958		1.261		-168.2275407562		7.4595717662		0.0362282338

		2		0.125		6.8695		1.2143		-176.7668680399		6.9279		-0.0584

														0.0565679469		Stdevp: Y
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				Qelec		T3=1.75K		T3=1.80K		T3=1.85K		T3=1.90K		T3=1.95K		T3=2.00K				1.75K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.80K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.85K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.90K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				1.95K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				2K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]

		1.75K		0		1.69																file21.dat		8/26/99		1205				0		69.175				0				1.75E+00		1.7483		1.69				file6.dat		8/24/99		120				0		69.175				0				1.80E+00		1.7999		1.47				file21.dat		8/26/99		446				0		69.66				0				1.85E+00		1.8495		1.34				file11.dat		8/25/99		100				0		69.654				0				1.90E+00		1.8986		0.97						file31.dat		8/27/99		1110				0		69.654				0				1.95E+00		1.9507		1.21						file41.dat		8/27/99		101				0		69.555				0				2.00E+00		2.0019		0.88

				0.503134604		7.04																				1295				5.89952		69.175				0.503134604				1.76E+00		1.7494		7.04								261				5.98034		69.175				0.5170143334				1.81E+00		1.7994		6.44								510				6.0623		69.66				0.5275837107				1.86E+00		1.8498		6.16								181				5.93182		69.654				0.5051610606				1.91E+00		1.8999		5.34										1175				6.22415		69.654				0.5561782988				1.96E+00		1.9506		5.30										165				6.22774		69.555				0.557612616				2.01E+00		2.0027		4.44

				0.9886699821		12.18																				1341				8.2699		69.175				0.9886699821				1.76E+00		1.7485		12.18								320				8.32269		69.175				1.001332401				1.81E+00		1.7987		11.47								550				8.3205		69.66				0.9938375				1.86E+00		1.8498		10.35								235				8.29949		69.654				0.9889099587				1.91E+00		1.9004		9.32										1210				10.66509		69.654				1.6329879793				1.96E+00		1.9506		13.59										243				8.3297		69.555				0.9975401062				2.01E+00		2.0017		7.98

				1.5699004881		18.44																				1375				10.42103		69.175				1.5699004881				1.77E+00		1.7486		18.44								366				10.423		69.175				1.5704940947				1.82E+00		1.7993		16.43								600				10.37692		69.66				1.5458005841				1.86E+00		1.8492		15.41								300				10.39321		69.654				1.5507912554				1.91E+00		1.9003		14.14										1263				13.63158		69.654				2.6677573908				1.97E+00		1.9509		21.14										280				10.41695		69.555				1.5601013199				2.01E+00		2.0022		11.68

				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

				4.4420906007		47.51																				150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

				4.7170607419		50.19																				306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

				5.0378745316				49.28

				5.6870808825				54.65

				6.1978752711				59.27

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

				5.472824427						49.19

				2.5669172231						24.34

				6.0988026001						54.64

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

				5.1558669482								43.37

				5.6408094948								46.98

				6.1563058004								51.14

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				1.9228486166										15.48

				2.6677573908										21.14

				3.1469520259										25.28

				3.5449470115										27.99

				4.2315346462										33.13

				4.5329496046										35.20

				5.1470937626										40.14

				5.6483077067										43.42

				6.1672630056										47.10

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89

				5.6775093967												40.72

				6.1924588996												43.91

				6.547825646												46.76

				7.1003435521												49.55

				7.8805488762												54.94

				9.1054571577												63.01





T3

		0

		0.503134604

		0.9886699821

		1.5699004881

		2.0192302342

		2.5571184677

		3.157901103

		3.5512899613

		3.9637183161

		4.4420906007

		4.7170607419



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

47.5132219221

50.18616387



		0

		0.5170143334

		1.001332401

		1.5704940947

		2.041873068

		2.0434402446

		2.7957744209

		3.1640746388

		3.5635992843

		3.9757344042

		4.5579388946

		5.0378745316

		5.6870808825

		6.1978752711



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

49.2794749188

54.6478380241

59.2682652099



		0

		0.5051610606

		0.9889099587

		1.5507912554

		2.0184034204

		2.668884766

		3.027695437

		3.5445635083

		3.9504845692

		4.5325567528

		5.1558669482

		5.6408094948

		6.1563058004



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

43.366397177

46.9757133971

51.1434390987



		0

		0.5561782988

		1.6329879793

		2.6677573908

		3.5449470115

		4.5329496046

		5.6483077067

		6.1672630056

		1.9228486166

		3.1469520259

		4.2315346462

		5.1470937626

		1.0665588694

		0



dt [mK]

Measurement of the performance of the small scale heat exchanger @1.95K

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

43.421013168

47.0975613162

15.4828587525

25.2756457829

33.1314176943

40.1384293933

9.3892488699

1.1046385838



		0

		0.557612616

		0.9975401062

		1.5601013199

		2.0319515518

		2.5679438579

		3.0453651269

		3.5592341625

		3.9701478356

		3.9704918773

		4.5561449083

		4.8625005517

		5.6775093967

		6.1924588996

		6.547825646

		7.1003435521

		7.8805488762

		9.1054571577



dt [mK]

Measurement of the performance of the small scale heat exchanger @2.00K

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445

40.718436072

43.914098594

46.7619409161

49.5503807665

54.9409983879

63.0082861487



		0

		0.5275837107

		0.9938375

		1.5458005841

		2.0126436349

		2.663208583

		3.1522944496

		3.5361650619

		3.9459019604

		4.5271479433

		4.9888839415

		5.472824427

		2.5669172231

		6.0988026001



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

49.1851607069

24.3428820754

54.6379014133



		0		0		0		0		0		0

		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604

		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821

		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881

		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342

		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677

		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103

		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613

		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161

		0		0		0		0		0		0

		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334

		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401

		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947

		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068

		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446

		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209

		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388

		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843

		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042

		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946

		0		0		0		0		0		0

		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107

		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375

		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841

		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349

		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583

		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496

		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619

		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604

		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433

		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415

		0		0		0		0		0		0

		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606

		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587

		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554

		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204

		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766

		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437

		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083

		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692

		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528

		0		0		0		0		0		0

		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988

		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793

		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908

		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115

		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046

		0		0		0		0		0		0

		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616

		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062

		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199

		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518

		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579

		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269

		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625

		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356

		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773

		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083

		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445



		



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Q (Watt)

(Tpres-Tsat) (mK)



		0.1871723655		0.1871723655		0.1871723655

		0.1717946212		0.1717946212		0.1717946212

		0.1581071668		0.1581071668		0.1581071668

		0.1456592802		0.1456592802		0.1456592802

		0.13465593		0.13465593		0.13465593

		0.1245762508		0.1245762508		0.1245762508



#1

#2

#3

Tsat-3 (K-3)

Rth (10-3 K. W-1)

10.282

7.07

10.858

9.34

6.4738

10.488

8.7153

5.7602

9.9671

8.1164

5.2055

9.5583

7.4958

4.9158

9.0293

6.8695

4.4296

8.6304



		0.1865889213

		0.1714677641

		0.1579373384

		0.1457938475

		0.1348640402

		0.125



Rthtotal

Tsat-3 (K-3)

Rth  (10-3 KW-1)

10.282

9.34

8.7153

8.1164

7.4958

6.8695



				Qelec		T3=1.75K		T3=1.80K		T3=1.85K		T3=1.90K		T3=1.95K		T3=2.00K				1.75K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.80K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.85K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.90K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				1.95K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				2K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]

		1.75K		0		1.69																file21.dat		8/26/99		1205				0		69.175				0				1.75E+00		1.7483		1.69				file6.dat		8/24/99		120				0		69.175				0				1.80E+00		1.7999		1.47				file21.dat		8/26/99		446				0		69.66				0				1.85E+00		1.8495		1.34				file11.dat		8/25/99		100				0		69.654				0				1.90E+00		1.8986		0.97						file31.dat		8/27/99		1110				0		69.654				0				1.95E+00		1.9507		1.21						file41.dat		8/27/99		101				0		69.555				0				2.00E+00		2.0019		0.88

				0.503134604		7.04																				1295				5.89952		69.175				0.503134604				1.76E+00		1.7494		7.04								261				5.98034		69.175				0.5170143334				1.81E+00		1.7994		6.44								510				6.0623		69.66				0.5275837107				1.86E+00		1.8498		6.16								181				5.93182		69.654				0.5051610606				1.91E+00		1.8999		5.34										1175				6.22415		69.654				0.5561782988				1.96E+00		1.9506		5.30										165				6.22774		69.555				0.557612616				2.01E+00		2.0027		4.44

				0.9886699821		12.18																				1341				8.2699		69.175				0.9886699821				1.76E+00		1.7485		12.18								320				8.32269		69.175				1.001332401				1.81E+00		1.7987		11.47								550				8.3205		69.66				0.9938375				1.86E+00		1.8498		10.35								235				8.29949		69.654				0.9889099587				1.91E+00		1.9004		9.32										1210				10.66509		69.654				1.6329879793				1.96E+00		1.9506		13.59										243				8.3297		69.555				0.9975401062				2.01E+00		2.0017		7.98

				1.5699004881		18.44																				1375				10.42103		69.175				1.5699004881				1.77E+00		1.7486		18.44								366				10.423		69.175				1.5704940947				1.82E+00		1.7993		16.43								600				10.37692		69.66				1.5458005841				1.86E+00		1.8492		15.41								300				10.39321		69.654				1.5507912554				1.91E+00		1.9003		14.14										1263				13.63158		69.654				2.6677573908				1.97E+00		1.9509		21.14										280				10.41695		69.555				1.5601013199				2.01E+00		2.0022		11.68

				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

																										150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

																										306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				2.6677573908										21.14

				3.5449470115										27.99

				4.5329496046										35.20

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89





		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K



		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K
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		0



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.95K
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0
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0
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0

0
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @2.00K

0
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0

0
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0

0

0
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K

0
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0
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T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]
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						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27456

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output

				Voltage (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL1		ZU1		Z		X		A1_0		A1_1		A1_2		A1_3		A1_4		A1_5		A1_6		A1_7		A1_8

		1.75K		1.59E-02		1.59E+04		1.7500				2.4161489698		4.7763403204		4.2017133067		0.5130674353		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.57E-02		1.57E+04		1.7564								4.1966450583		0.5087726579

				1.56E-02		1.56E+04		1.7607								4.1932473527		0.5058934797

				1.54E-02		1.54E+04		1.7670								4.1883037187		0.5017042991

				1.53E-02		1.53E+04		1.7713								4.1849076727		0.4988265273

				1.51E-02		1.51E+04		1.7771								4.1804008795		0.4950075207

				1.50E-02		1.50E+04		1.7829								4.1759357538		0.4912238226

				1.49E-02		1.49E+04		1.7868								4.172890906		0.4886436524

				1.48E-02		1.48E+04		1.7911								4.1696274172		0.4858782081

				1.47E-02		1.47E+04		1.7957								4.1660596066		0.4828548849

				1.46E-02		1.46E+04		1.7997								4.162988637		0.4802525793

		1.80K		1.45E-02		1.45E+04		1.8013				2.4161489698		4.7763403204		4.1617787404		0.4792273263		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.44E-02		1.44E+04		1.8058								4.1583848094		0.4763513468

				1.43E-02		1.43E+04		1.8102								4.1550793331		0.4735503228

				1.42E-02		1.42E+04		1.8157								4.1509129418		0.470019769

				1.40E-02		1.40E+04		1.8210								4.1469452909		0.4666576256

				1.40E-02		1.40E+04		1.8204								4.147413195		0.4670541223

				1.39E-02		1.39E+04		1.8277								4.1419800101		0.4624501016

				1.38E-02		1.38E+04		1.8307								4.1397497229		0.460560181

				1.37E-02		1.37E+04		1.8344								4.1370159138		0.4582435814

				1.36E-02		1.36E+04		1.8383								4.134126405		0.4557950437

				1.35E-02		1.35E+04		1.8435								4.1303041711		0.4525561251

				1.34E-02		1.34E+04		1.8481								4.1269154825		0.4496845879

				1.33E-02		1.33E+04		1.8540								4.1225991993		0.4460270173

				1.31E-02		1.31E+04		1.8593								4.1187959405		0.4428041779

		1.85K		1.33E-02		1.33E+04		1.8509				2.4161489698		4.7763403204		4.124907032		0.4479826491		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.32E-02		1.32E+04		1.8559								4.1212265274		0.4448638304

				1.31E-02		1.31E+04		1.8601								4.1181734253		0.4422766655

				1.30E-02		1.30E+04		1.8646								4.1149407494		0.4395373317

				1.29E-02		1.29E+04		1.8690								4.1117724765		0.4368525724

				1.28E-02		1.28E+04		1.8745								4.1078443225		0.4335238982

				1.27E-02		1.27E+04		1.8788								4.1048079337		0.4309508959

				1.27E-02		1.27E+04		1.8824								4.1021859568		0.4287290618

				1.26E-02		1.26E+04		1.8854								4.1000798842		0.4269443992

				1.25E-02		1.25E+04		1.8908								4.0962866138		0.4237300239

				1.24E-02		1.24E+04		1.8948								4.0934595092		0.4213343668

				1.23E-02		1.23E+04		1.8986								4.0907915087		0.4190735327

				0.01222753		1.22E+04		1.9036								4.087338737		0.4161476923

				1.28E-02		1.28E+04		1.8737								4.1084476401		0.4340351429

		1.90K		1.23E-02		1.23E+04		1.8996				2.4161489698		4.7763403204		4.090102794		0.4184899235		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.22E-02		1.22E+04		1.9052								4.0861785995		0.4151646046

				1.21E-02		1.21E+04		1.9097								4.0830318791		0.4124981086

				1.20E-02		1.20E+04		1.9145								4.0797490766		0.4097162981

				1.20E-02		1.20E+04		1.9179								4.0774017026		0.4077271594

				1.19E-02		1.19E+04		1.9232								4.0737531658		0.4046354297

				1.18E-02		1.18E+04		1.9272								4.070994109		0.4022974356

				1.17E-02		1.17E+04		1.9316								4.0679746022		0.399738739

				1.17E-02		1.17E+04		1.9335								4.0667160559		0.3986722608

				1.16E-02		1.16E+04		1.9389								4.0630134322		0.3955346985

				1.15E-02		1.15E+04		1.9435								4.0599104876		0.3929052976

				1.14E-02		1.14E+04		1.9473								4.0573796489		0.3907606929

				1.13E-02		1.13E+04		1.9515								4.0545567535		0.3883686026

		1.95K		1.13E-02		1.13E+04		1.9519				2.4161489698		4.7763403204		4.0542670897		0.3881231448		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.13E-02		1.13E+04		1.9559								4.0515885282		0.3858533614

				1.11E-02		1.11E+04		1.9642								4.0460309665		0.3811439452

				1.10E-02		1.10E+04		1.9720								4.040875567		0.3767753168

				1.09E-02		1.09E+04		1.9791								4.0361871913		0.3728024392

				1.08E-02		1.08E+04		1.9860								4.0316725966		0.3689768216

				1.06E-02		1.06E+04		1.9944								4.0261903511		0.3643312276

				1.06E-02		1.06E+04		1.9981								4.0238275703		0.3623290333

				1.11E-02		1.11E+04		1.9667								4.0443782418		0.3797434446

				1.09E-02		1.09E+04		1.9762								4.0381323498		0.3744507449

				1.08E-02		1.08E+04		1.9834								4.0334028445		0.3704430145

				1.07E-02		1.07E+04		1.9907								4.028640783		0.3664076964

				1.12E-02		1.12E+04		1.9593								4.0493351113		0.3839438409

				1.13E-02		1.13E+04		1.9514								4.054604629		0.3884091718

		2.00K		1.05E-02		1.05E+04		2.0028				2.4161489698		4.7763403204		4.0208139892		0.3597753581		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.04E-02		1.04E+04		2.0071								4.0179939878		0.3573857201

				1.04E-02		1.04E+04		2.0097								4.0163471133		0.3559901769

				1.03E-02		1.03E+04		2.0139								4.0136813806		0.3537312645

				1.03E-02		1.03E+04		2.0167								4.0118587499		0.3521867874

				1.02E-02		1.02E+04		2.0205								4.0094419718		0.3501388365

				1.02E-02		1.02E+04		2.0242								4.0070723475		0.3481308431

				1.01E-02		1.01E+04		2.0276								4.0049087789		0.346297459

				1.01E-02		1.01E+04		2.0305								4.0031290838		0.3447893651

				1.01E-02		1.01E+04		2.0303								4.0032144484		0.3448617021

				1.00E-02		1.00E+04		2.0339								4.0009626318		0.3429535377

				9.99E-03		9.99E+03		2.0360								3.9996298234		0.3418241306

				9.91E-03		9.91E+03		2.0419								3.9959272581		0.3386866179

				9.86E-03		9.86E+03		2.0451								3.993927565		0.3369921001

				9.82E-03		9.82E+03		2.0478								3.9922167317		0.3355423589

				9.77E-03		9.77E+03		2.0513								3.9900718904		0.3337248441

				9.70E-03		9.70E+03		2.0563								3.9869355712		0.331067162

				9.59E-03		9.59E+03		2.0646								3.9817973221		0.3267130667





		

						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27457

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output				Lower limits		Upper limit		Log(Resistance)

				V (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL		ZU		Z		X		A_0		A_1		A_2		A_3		A_4		A_5		A_6		A_7		A_8

		1.75K		1.70E-02		1.70E+04		1.7483				2.4212007922		4.8120469066		4.2301650044		0.5132418613		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.70E-02		1.70E+04		1.7494								4.2293280182		0.5125417024

				1.70E-02		1.70E+04		1.7485								4.2300133867		0.5131150295

				1.70E-02		1.70E+04		1.7486								4.2299913939		0.513096632

				1.70E-02		1.70E+04		1.7483								4.2301974687		0.5132690186

				1.70E-02		1.70E+04		1.7486								4.2299929283		0.5130979156

				1.70E-02		1.70E+04		1.7482								4.230281558		0.5133393613

				1.70E-02		1.70E+04		1.7481								4.2303594986		0.5134045604

				1.70E-02		1.70E+04		1.7483								4.2302327422		0.5132985257

				1.70E-02		1.70E+04		1.7482								4.2302813025		0.5133391475

				1.70E-02		1.70E+04		1.7496								4.2291862285		0.5124230919

		1.80K		1.55E-02		1.55E+04		1.7999				2.4212007922		4.8120469066		4.1893502052		0.4790993049		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.55E-02		1.55E+04		1.7994								4.1897370082		0.4794228749

				1.55E-02		1.55E+04		1.7987								4.1902442701		0.4798472116

				1.55E-02		1.55E+04		1.7993								4.1897990106		0.4794747414

				1.55E-02		1.55E+04		1.7997								4.189493121		0.4792188574

				1.55E-02		1.55E+04		1.7991								4.1899140143		0.4795709447

				1.55E-02		1.55E+04		1.7990								4.1900031913		0.4796455434

				1.55E-02		1.55E+04		1.7988								4.1901562638		0.4797735922

				1.55E-02		1.55E+04		1.7991								4.1899667375		0.4796150489

				1.55E-02		1.55E+04		1.7988								4.1901369225		0.4797574127

				1.55E-02		1.55E+04		1.7987								4.1902395059		0.4798432262

				1.55E-02		1.55E+04		1.7988								4.1901540214		0.4797717164

				1.55E-02		1.55E+04		1.7994								4.1897238211		0.4794118435

				1.55E-02		1.55E+04		1.8000								4.18924067		0.4790076761

		1.85K		1.42E-02		1.42E+04		1.8495				2.4212007922		4.8120469066		4.1517463616		0.4476427897		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.42E-02		1.42E+04		1.8498								4.1515665714		0.4474923909

				1.42E-02		1.42E+04		1.8498								4.1515494155		0.4474780396

				1.42E-02		1.42E+04		1.8492								4.1519762743		0.4478351172

				1.42E-02		1.42E+04		1.8496								4.1517145132		0.4476161478

				1.42E-02		1.42E+04		1.8493								4.1519162822		0.4477849323

				1.42E-02		1.42E+04		1.8496								4.1516737807		0.447582074

				1.42E-02		1.42E+04		1.8496								4.1516832751		0.4475900163

				1.42E-02		1.42E+04		1.8492								4.1519704591		0.4478302526

				1.42E-02		1.42E+04		1.8496								4.1516982819		0.4476025699

				1.42E-02		1.42E+04		1.8495								4.1517166569		0.447617941

				1.42E-02		1.42E+04		1.8494								4.1518091328		0.4476952993

				1.42E-02		1.42E+04		1.8489								4.1521886287		0.4480127567

				1.42E-02		1.42E+04		1.8493								4.1518930177		0.447765471

		1.90K		1.31E-02		1.31E+04		1.8986				2.4212007922		4.8120469066		4.1160961174		0.4178205072		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.30E-02		1.30E+04		1.8999								4.1152093112		0.4170786725

				1.30E-02		1.30E+04		1.9004								4.1148180753		0.4167513943

				1.30E-02		1.30E+04		1.9003								4.1148730829		0.4167974095

				1.30E-02		1.30E+04		1.8995								4.1154777071		0.4173031921

				1.30E-02		1.30E+04		1.8993								4.1155948701		0.4174012018

				1.30E-02		1.30E+04		1.9010								4.1143901117		0.4163933925

				1.30E-02		1.30E+04		1.9013								4.1142038509		0.4162375809

				1.30E-02		1.30E+04		1.8996								4.1154071277		0.4172441508

				1.30E-02		1.30E+04		1.9009								4.1144668626		0.4164575965

				1.30E-02		1.30E+04		1.9002								4.1150110713		0.4169128401

				1.30E-02		1.30E+04		1.9003								4.1149090841		0.4168275254

				1.30E-02		1.30E+04		1.9003								4.1148867504		0.4168088427

		1.95K		1.20E-02		1.20E+04		1.9507				2.4212007922		4.8120469066		4.0798495451		0.3874993818		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.20E-02		1.20E+04		1.9506								4.0799099234		0.3875498897

				1.20E-02		1.20E+04		1.9506								4.0798806206		0.3875253772

				1.20E-02		1.20E+04		1.9509								4.0797190761		0.3873902414

				1.20E-02		1.20E+04		1.9511								4.0795350519		0.3872363007

				1.20E-02		1.20E+04		1.9508								4.079755221		0.3874204775

				1.20E-02		1.20E+04		1.9510								4.0796193006		0.3873067768

				1.20E-02		1.20E+04		1.9510								4.0796409929		0.3873249229

				1.20E-02		1.20E+04		1.9512								4.0794706792		0.3871824515

				1.20E-02		1.20E+04		1.9509								4.0797024485		0.387376332

				1.20E-02		1.20E+04		1.9503								4.080146839		0.3877480753

				1.20E-02		1.20E+04		1.9505								4.0799510741		0.3875843133

				1.20E-02		1.20E+04		1.9499								4.0803973758		0.3879576554

				1.20E-02		1.20E+04		1.9503								4.0801183105		0.3877242105

		2.00K		1.11E-02		1.11E+04		2.0019				2.4212007922		4.8120469066		4.0456386079		0.358881114		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.11E-02		1.11E+04		2.0027								4.0451069516		0.3584363708

				1.11E-02		1.11E+04		2.0017								4.0457449393		0.3589700628

				1.11E-02		1.11E+04		2.0022								4.0454442513		0.3587185301

				1.11E-02		1.11E+04		2.0017								4.0457840251		0.359002759

				1.11E-02		1.11E+04		2.0013								4.0459946374		0.3591789413

				1.11E-02		1.11E+04		2.0017								4.0457593624		0.358982128

				1.11E-02		1.11E+04		2.0020								4.0455521945		0.3588088271

				1.11E-02		1.11E+04		2.0020								4.0455729196		0.3588261642

				1.11E-02		1.11E+04		2.0014								4.0459204073		0.359116846

				1.11E-02		1.11E+04		2.0009								4.0462555144		0.3593971711

				1.11E-02		1.11E+04		2.0011								4.0461356398		0.3592968931

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0011								4.0461637567		0.3593204135

				1.11E-02		1.11E+04		2.0017								4.0457347764		0.3589615612

				1.11E-02		1.11E+04		2.0014								4.0459579146		0.3591482217

				1.11E-02		1.11E+04		2.0016								4.045796141		0.3590128943
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		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579

		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269

		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625

		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356
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summary

										a1		b1

										53.9		0.1904

						a		b

		T		1/T^3		Rthtotal		Rest		X/Y=0		fit		error (fit/real)

		1.75		0.1865889213		10.282		2.0332		-197.743629644		10.2475428571		0.0344571429

		1.8		0.1714677641		9.34		1.987		-212.7408993576		9.4325124829		-0.0925124829

		1.85		0.1579373384		8.7153		1.7473		-200.4865007516		8.7032225377		0.0120774623

		1.9		0.1457938475		8.1164		1.4909		-183.6898132177		8.0486883802		0.0677116198

		1.95		0.1348640402		7.4958		1.261		-168.2275407562		7.4595717662		0.0362282338

		2		0.125		6.8695		1.2143		-176.7668680399		6.9279		-0.0584

														0.0565679469		Stdevp: Y
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Parasitic heat inleak : X/Y=0
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				Qelec		T3=1.75K		T3=1.80K		T3=1.85K		T3=1.90K		T3=1.95K		T3=2.00K				1.75K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.80K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.85K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.90K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				1.95K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				2K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]

		1.75K		0		1.69																file21.dat		8/26/99		1205				0		69.175				0				1.75E+00		1.7483		1.69				file6.dat		8/24/99		120				0		69.175				0				1.80E+00		1.7999		1.47				file21.dat		8/26/99		446				0		69.66				0				1.85E+00		1.8495		1.34				file11.dat		8/25/99		100				0		69.654				0				1.90E+00		1.8986		0.97						file31.dat		8/27/99		1110				0		69.654				0				1.95E+00		1.9507		1.21						file41.dat		8/27/99		101				0		69.555				0				2.00E+00		2.0019		0.88

				0.503134604		7.04																				1295				5.89952		69.175				0.503134604				1.76E+00		1.7494		7.04								261				5.98034		69.175				0.5170143334				1.81E+00		1.7994		6.44								510				6.0623		69.66				0.5275837107				1.86E+00		1.8498		6.16								181				5.93182		69.654				0.5051610606				1.91E+00		1.8999		5.34										1175				6.22415		69.654				0.5561782988				1.96E+00		1.9506		5.30										165				6.22774		69.555				0.557612616				2.01E+00		2.0027		4.44

				0.9886699821		12.18																				1341				8.2699		69.175				0.9886699821				1.76E+00		1.7485		12.18								320				8.32269		69.175				1.001332401				1.81E+00		1.7987		11.47								550				8.3205		69.66				0.9938375				1.86E+00		1.8498		10.35								235				8.29949		69.654				0.9889099587				1.91E+00		1.9004		9.32										1210				10.66509		69.654				1.6329879793				1.96E+00		1.9506		13.59										243				8.3297		69.555				0.9975401062				2.01E+00		2.0017		7.98

				1.5699004881		18.44																				1375				10.42103		69.175				1.5699004881				1.77E+00		1.7486		18.44								366				10.423		69.175				1.5704940947				1.82E+00		1.7993		16.43								600				10.37692		69.66				1.5458005841				1.86E+00		1.8492		15.41								300				10.39321		69.654				1.5507912554				1.91E+00		1.9003		14.14										1263				13.63158		69.654				2.6677573908				1.97E+00		1.9509		21.14										280				10.41695		69.555				1.5601013199				2.01E+00		2.0022		11.68

				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

				4.4420906007		47.51																				150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

				4.7170607419		50.19																				306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

				5.0378745316				49.28

				5.6870808825				54.65

				6.1978752711				59.27

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

				5.472824427						49.19

				2.5669172231						24.34

				6.0988026001						54.64

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

				5.1558669482								43.37

				5.6408094948								46.98

				6.1563058004								51.14

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				1.9228486166										15.48

				2.6677573908										21.14

				3.1469520259										25.28

				3.5449470115										27.99

				4.2315346462										33.13

				4.5329496046										35.20

				5.1470937626										40.14

				5.6483077067										43.42

				6.1672630056										47.10

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89

				5.6775093967												40.72

				6.1924588996												43.91

				6.547825646												46.76

				7.1003435521												49.55

				7.8805488762												54.94

				9.1054571577												63.01





T3

		0

		0.503134604

		0.9886699821

		1.5699004881

		2.0192302342

		2.5571184677

		3.157901103

		3.5512899613

		3.9637183161

		4.4420906007

		4.7170607419



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

47.5132219221

50.18616387



		0

		0.5170143334

		1.001332401

		1.5704940947

		2.041873068

		2.0434402446

		2.7957744209

		3.1640746388

		3.5635992843

		3.9757344042

		4.5579388946

		5.0378745316

		5.6870808825

		6.1978752711



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

49.2794749188

54.6478380241

59.2682652099



		0

		0.5051610606

		0.9889099587

		1.5507912554

		2.0184034204

		2.668884766

		3.027695437

		3.5445635083

		3.9504845692

		4.5325567528

		5.1558669482

		5.6408094948

		6.1563058004



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

43.366397177

46.9757133971

51.1434390987



		0

		0.5561782988

		1.6329879793

		2.6677573908

		3.5449470115

		4.5329496046

		5.6483077067

		6.1672630056

		1.9228486166

		3.1469520259

		4.2315346462

		5.1470937626

		1.0665588694

		0



dt [mK]

Measurement of the performance of the small scale heat exchanger @1.95K

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

43.421013168

47.0975613162

15.4828587525

25.2756457829

33.1314176943

40.1384293933

9.3892488699

1.1046385838



		0

		0.557612616

		0.9975401062

		1.5601013199

		2.0319515518

		2.5679438579

		3.0453651269

		3.5592341625

		3.9701478356

		3.9704918773

		4.5561449083

		4.8625005517

		5.6775093967

		6.1924588996

		6.547825646

		7.1003435521

		7.8805488762

		9.1054571577



dt [mK]

Measurement of the performance of the small scale heat exchanger @2.00K

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445

40.718436072

43.914098594

46.7619409161

49.5503807665

54.9409983879

63.0082861487



		0

		0.5275837107

		0.9938375

		1.5458005841

		2.0126436349

		2.663208583

		3.1522944496

		3.5361650619

		3.9459019604

		4.5271479433

		4.9888839415

		5.472824427

		2.5669172231

		6.0988026001



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

49.1851607069

24.3428820754

54.6379014133



		0		0		0		0		0		0

		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604		0.503134604

		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821		0.9886699821

		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881		1.5699004881

		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342		2.0192302342

		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677		2.5571184677

		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103		3.157901103

		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613		3.5512899613

		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161		3.9637183161

		0		0		0		0		0		0

		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334		0.5170143334

		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401		1.001332401

		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947		1.5704940947

		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068		2.041873068

		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446		2.0434402446

		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209		2.7957744209

		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388		3.1640746388

		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843		3.5635992843

		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042		3.9757344042

		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946		4.5579388946

		0		0		0		0		0		0

		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107		0.5275837107

		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375		0.9938375

		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841		1.5458005841

		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349		2.0126436349

		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583		2.663208583

		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496		3.1522944496

		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619		3.5361650619

		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604		3.9459019604

		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433		4.5271479433

		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415		4.9888839415

		0		0		0		0		0		0

		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606		0.5051610606

		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587		0.9889099587

		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554		1.5507912554

		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204		2.0184034204

		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766		2.668884766

		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437		3.027695437

		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083		3.5445635083

		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692		3.9504845692

		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528		4.5325567528

		0		0		0		0		0		0

		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988		0.5561782988

		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793		1.6329879793

		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908		2.6677573908

		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115		3.5449470115

		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046		4.5329496046

		0		0		0		0		0		0

		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616		0.557612616

		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062		0.9975401062

		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199		1.5601013199

		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518		2.0319515518

		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579		2.5679438579

		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269		3.0453651269

		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625		3.5592341625

		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356		3.9701478356

		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773		3.9704918773

		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083		4.5561449083

		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517		4.8625005517



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger

1.6944401907

7.0404782354

12.1826944288

18.4378559923

23.0284476492

28.5576776675

34.6713301992

38.7109531235

42.7970129846

1.4738640404

6.443135023

11.4682002148

16.4259032465

21.3245095445

21.2424914273

28.6425109661

31.8439098863

35.2919160353

39.4274131465

44.7599949586

1.3409012809

6.1594732391

10.3513229172

15.4066718407

19.4600795544

25.2185244115

29.1493573045

32.851265326

36.2101889845

41.2133495563

45.25621658

0.9695493861

5.343198074

9.3187122504

14.1361789795

18.3879509571

23.8569004794

26.1864519737

30.3450120798

33.8871521577

38.0136902935

1.2134823194

5.3007443309

13.5945607989

21.1398406606

27.9880761368

35.2025839286

0.8766092056

4.4436674273

7.9815075186

11.6831611903

15.0539636115

19.1667372267

22.5356778791

25.6323360955

28.4777965098

28.8729717317

32.9525309716

34.8862079445



		



T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Q (Watt)

(Tpres-Tsat) (mK)



		0.1871723655		0.1871723655		0.1871723655

		0.1717946212		0.1717946212		0.1717946212

		0.1581071668		0.1581071668		0.1581071668

		0.1456592802		0.1456592802		0.1456592802

		0.13465593		0.13465593		0.13465593

		0.1245762508		0.1245762508		0.1245762508



#1

#2

#3

Tsat-3 (K-3)

Rth (10-3 K. W-1)

10.282

7.07

10.858

9.34

6.4738

10.488

8.7153

5.7602

9.9671

8.1164

5.2055

9.5583

7.4958

4.9158

9.0293

6.8695

4.4296

8.6304



		0.1865889213

		0.1714677641

		0.1579373384

		0.1457938475

		0.1348640402

		0.125



Rthtotal

Tsat-3 (K-3)

Rth  (10-3 KW-1)

10.282

9.34

8.7153

8.1164

7.4958

6.8695



				Qelec		T3=1.75K		T3=1.80K		T3=1.85K		T3=1.90K		T3=1.95K		T3=2.00K				1.75K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.80K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.85K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]		1.90K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				1.95K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]				2K		File_name		Date		Number		Time		Y1 [V]		R [ohm]		I [A]		Qelec [W]		PT2 [Torr]		T1 [K]		T3 [K]		dt [mK]

		1.75K		0		1.69																file21.dat		8/26/99		1205				0		69.175				0				1.75E+00		1.7483		1.69				file6.dat		8/24/99		120				0		69.175				0				1.80E+00		1.7999		1.47				file21.dat		8/26/99		446				0		69.66				0				1.85E+00		1.8495		1.34				file11.dat		8/25/99		100				0		69.654				0				1.90E+00		1.8986		0.97						file31.dat		8/27/99		1110				0		69.654				0				1.95E+00		1.9507		1.21						file41.dat		8/27/99		101				0		69.555				0				2.00E+00		2.0019		0.88

				0.503134604		7.04																				1295				5.89952		69.175				0.503134604				1.76E+00		1.7494		7.04								261				5.98034		69.175				0.5170143334				1.81E+00		1.7994		6.44								510				6.0623		69.66				0.5275837107				1.86E+00		1.8498		6.16								181				5.93182		69.654				0.5051610606				1.91E+00		1.8999		5.34										1175				6.22415		69.654				0.5561782988				1.96E+00		1.9506		5.30										165				6.22774		69.555				0.557612616				2.01E+00		2.0027		4.44

				0.9886699821		12.18																				1341				8.2699		69.175				0.9886699821				1.76E+00		1.7485		12.18								320				8.32269		69.175				1.001332401				1.81E+00		1.7987		11.47								550				8.3205		69.66				0.9938375				1.86E+00		1.8498		10.35								235				8.29949		69.654				0.9889099587				1.91E+00		1.9004		9.32										1210				10.66509		69.654				1.6329879793				1.96E+00		1.9506		13.59										243				8.3297		69.555				0.9975401062				2.01E+00		2.0017		7.98

				1.5699004881		18.44																				1375				10.42103		69.175				1.5699004881				1.77E+00		1.7486		18.44								366				10.423		69.175				1.5704940947				1.82E+00		1.7993		16.43								600				10.37692		69.66				1.5458005841				1.86E+00		1.8492		15.41								300				10.39321		69.654				1.5507912554				1.91E+00		1.9003		14.14										1263				13.63158		69.654				2.6677573908				1.97E+00		1.9509		21.14										280				10.41695		69.555				1.5601013199				2.01E+00		2.0022		11.68

				2.0192302342		23.03																				1400				11.81864		69.175				2.0192302342				1.77E+00		1.7483		23.03								424				11.88472		69.175				2.041873068				1.82E+00		1.7997		21.32								648				11.84064		69.66				2.0126436349				1.87E+00		1.8496		19.46								460				11.85706		69.654				2.0184034204				1.92E+00		1.8995		18.39										1295				15.71368		69.654				3.5449470115				1.98E+00		1.9511		27.99										325				11.88833		69.555				2.0319515518				2.02E+00		2.0017		15.05

				2.5571184677		28.56																				1442				13.29995		69.175				2.5571184677				1.78E+00		1.7486		28.56								430				11.88928		69.175				2.0434402446				1.82E+00		1.7991		21.24								697				13.62054		69.66				2.663208583				1.87E+00		1.8493		25.22								565				13.63446		69.654				2.668884766				1.92E+00		1.8993		23.86										1335				17.76902		69.654				4.5329496046				1.99E+00		1.9508		35.20										380				13.36463		69.555				2.5679438579				2.02E+00		2.0013		19.17

				3.157901103		34.67																				1480				14.77998		69.175				3.157901103				1.78E+00		1.7482		34.67								476				13.90675		69.175				2.7957744209				1.83E+00		1.7990		28.64								758				14.81853		69.66				3.1522944496				1.88E+00		1.8496		29.15								680				14.52209		69.654				3.027695437				1.93E+00		1.9010		26.19										1365				19.835		69.654				5.6483077067				1.99E+00		1.9510		43.42										414				14.55405		69.555				3.0453651269				2.02E+00		2.0017		22.54

				3.5512899613		38.71																file22.dat				50				15.67356		69.175				3.5512899613				1.79E+00		1.7481		38.71								520				14.79442		69.175				3.1640746388				1.83E+00		1.7988		31.84								795				15.69488		69.66				3.5361650619				1.88E+00		1.8496		32.85								825				15.71283		69.654				3.5445635083				1.93E+00		1.9013		30.35										1393				20.72618		69.654				6.1672630056				2.00E+00		1.9510		47.10										438				15.73412		69.555				3.5592341625				2.03E+00		2.0020		25.63

				3.9637183161		42.80																				100				16.55869		69.175				3.9637183161				1.79E+00		1.7483		42.80								586				15.7007		69.175				3.5635992843				1.83E+00		1.7991		35.29								825				16.57925		69.66				3.9459019604				1.89E+00		1.8492		36.21								880				16.58816		69.654				3.9504845692				1.93E+00		1.8996		33.89						file11.dat		8/25/99		1193				11.57299		69.654				1.9228486166				1.97E+00		1.9512		15.48										489				16.61757		69.555				3.9701478356				2.03E+00		2.0020		28.48

																										150				17.52945		69.175				4.4420906007				1.80E+00		1.7482		47.51								645				16.58377		69.175				3.9757344042				1.84E+00		1.7988		39.43								866				17.75841		69.66				4.5271479433				1.89E+00		1.8496		41.21								975				17.76825		69.654				4.5325567528				1.94E+00		1.9009		38.01										1256				14.80533		69.654				3.1469520259				1.98E+00		1.9509		25.28										494				16.61829		69.555				3.9704918773				2.03E+00		2.0014		28.87

																										306				18.06385		69.175				4.7170607419				1.80E+00		1.7496		50.19								705				17.75656		69.175				4.5579388946				1.84E+00		1.7987		44.76								905				18.64204		69.66				4.9888839415				1.89E+00		1.8495		45.26								1050				18.95064		69.654				5.1558669482				1.94E+00		1.9002		43.37										1300				17.16809		69.654				4.2315346462				1.98E+00		1.9503		33.13										555				17.80176		69.555				4.5561449083				2.03E+00		2.0009		32.95

		1.8K		0				1.47																																												800				18.66802		69.175				5.0378745316				1.85E+00		1.7988		49.28								950				19.52529		69.66				5.472824427				1.90E+00		1.8494		49.19								1080				19.82183		69.654				5.6408094948				1.95E+00		1.9003		46.98										1335				18.93451		69.654				5.1470937626				1.99E+00		1.9505		40.14										581				18.39052		69.555				4.8625005517				2.04E+00		2.0011		34.89

				0.5170143334				6.44																																												860				19.83441		69.175				5.6870808825				1.85E+00		1.7994		54.65								1000				13.37204		69.66				2.5669172231				1.87E+00		1.8493		24.34								1110				20.70776		69.654				6.1563058004				1.95E+00		1.9003		51.14										1393				8.61917		69.654				1.0665588694				1.96E+00		1.9499		9.39										609				19.87207		69.555				5.6775093967				2.04E+00		2.0012		40.72

				1.001332401				11.47																																												897				20.70599		69.175				6.1978752711				1.86E+00		1.8000		59.27								1045				20.61171		69.66				6.0988026001				1.90E+00		1.8489		54.64																																				1430				0		69.654				0				1.95E+00		1.9503		1.10										625				20.75371		69.555				6.1924588996				2.05E+00		2.0012		43.91

				1.5704940947				16.43																																																																																																																																																								647				21.3409		69.555				6.547825646				2.05E+00		2.0011		46.76

				2.041873068				21.32																																																																																																																																																								672				22.22306		69.555				7.1003435521				2.05E+00		2.0017		49.55

				2.0434402446				21.24																																																																																																																																																								712				23.41221		69.555				7.8805488762				2.06E+00		2.0014		54.94

				2.7957744209				28.64																																																																																																																																																								754				25.16605		69.555				9.1054571577				2.06E+00		2.0016		63.01

				3.1640746388				31.84

				3.5635992843				35.29

				3.9757344042				39.43

				4.5579388946				44.76

		1.85K		0						1.34

				0.5275837107						6.16

				0.9938375						10.35

				1.5458005841						15.41

				2.0126436349						19.46

				2.663208583						25.22

				3.1522944496						29.15

				3.5361650619						32.85

				3.9459019604						36.21

				4.5271479433						41.21

				4.9888839415						45.26

		1.90K		0								0.97

				0.5051610606								5.34

				0.9889099587								9.32

				1.5507912554								14.14

				2.0184034204								18.39

				2.668884766								23.86

				3.027695437								26.19

				3.5445635083								30.35

				3.9504845692								33.89

				4.5325567528								38.01

		1.95K		0										1.21

				0.5561782988										5.30

				1.6329879793										13.59

				2.6677573908										21.14

				3.5449470115										27.99

				4.5329496046										35.20

		2.00K		0												0.88

				0.557612616												4.44

				0.9975401062												7.98

				1.5601013199												11.68

				2.0319515518												15.05

				2.5679438579												19.17

				3.0453651269												22.54

				3.5592341625												25.63

				3.9701478356												28.48

				3.9704918773												28.87

				4.5561449083												32.95

				4.8625005517												34.89





		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.75K



		



dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.80K
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.90K
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.95K
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @2.00K
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dt [mK]

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger @1.85K
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T3=1.75K

T3=1.80K

T3=1.85K

T3=1.90K

T3=1.95K

T3=2.00K

Electrical power added [W]

T1-T3 [mK]

Measurement of the performance of the small scale heat exchanger



		

						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27456

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output

				Voltage (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL1		ZU1		Z		X		A1_0		A1_1		A1_2		A1_3		A1_4		A1_5		A1_6		A1_7		A1_8

		1.75K		1.59E-02		1.59E+04		1.7500				2.4161489698		4.7763403204		4.2017133067		0.5130674353		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.57E-02		1.57E+04		1.7564								4.1966450583		0.5087726579

				1.56E-02		1.56E+04		1.7607								4.1932473527		0.5058934797

				1.54E-02		1.54E+04		1.7670								4.1883037187		0.5017042991

				1.53E-02		1.53E+04		1.7713								4.1849076727		0.4988265273

				1.51E-02		1.51E+04		1.7771								4.1804008795		0.4950075207

				1.50E-02		1.50E+04		1.7829								4.1759357538		0.4912238226

				1.49E-02		1.49E+04		1.7868								4.172890906		0.4886436524

				1.48E-02		1.48E+04		1.7911								4.1696274172		0.4858782081

				1.47E-02		1.47E+04		1.7957								4.1660596066		0.4828548849

				1.46E-02		1.46E+04		1.7997								4.162988637		0.4802525793

		1.80K		1.45E-02		1.45E+04		1.8013				2.4161489698		4.7763403204		4.1617787404		0.4792273263		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.44E-02		1.44E+04		1.8058								4.1583848094		0.4763513468

				1.43E-02		1.43E+04		1.8102								4.1550793331		0.4735503228

				1.42E-02		1.42E+04		1.8157								4.1509129418		0.470019769

				1.40E-02		1.40E+04		1.8210								4.1469452909		0.4666576256

				1.40E-02		1.40E+04		1.8204								4.147413195		0.4670541223

				1.39E-02		1.39E+04		1.8277								4.1419800101		0.4624501016

				1.38E-02		1.38E+04		1.8307								4.1397497229		0.460560181

				1.37E-02		1.37E+04		1.8344								4.1370159138		0.4582435814

				1.36E-02		1.36E+04		1.8383								4.134126405		0.4557950437

				1.35E-02		1.35E+04		1.8435								4.1303041711		0.4525561251

				1.34E-02		1.34E+04		1.8481								4.1269154825		0.4496845879

				1.33E-02		1.33E+04		1.8540								4.1225991993		0.4460270173

				1.31E-02		1.31E+04		1.8593								4.1187959405		0.4428041779

		1.85K		1.33E-02		1.33E+04		1.8509				2.4161489698		4.7763403204		4.124907032		0.4479826491		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.32E-02		1.32E+04		1.8559								4.1212265274		0.4448638304

				1.31E-02		1.31E+04		1.8601								4.1181734253		0.4422766655

				1.30E-02		1.30E+04		1.8646								4.1149407494		0.4395373317

				1.29E-02		1.29E+04		1.8690								4.1117724765		0.4368525724

				1.28E-02		1.28E+04		1.8745								4.1078443225		0.4335238982

				1.27E-02		1.27E+04		1.8788								4.1048079337		0.4309508959

				1.27E-02		1.27E+04		1.8824								4.1021859568		0.4287290618

				1.26E-02		1.26E+04		1.8854								4.1000798842		0.4269443992

				1.25E-02		1.25E+04		1.8908								4.0962866138		0.4237300239

				1.24E-02		1.24E+04		1.8948								4.0934595092		0.4213343668

				1.23E-02		1.23E+04		1.8986								4.0907915087		0.4190735327

				0.01222753		1.22E+04		1.9036								4.087338737		0.4161476923

				1.28E-02		1.28E+04		1.8737								4.1084476401		0.4340351429

		1.90K		1.23E-02		1.23E+04		1.8996				2.4161489698		4.7763403204		4.090102794		0.4184899235		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.22E-02		1.22E+04		1.9052								4.0861785995		0.4151646046

				1.21E-02		1.21E+04		1.9097								4.0830318791		0.4124981086

				1.20E-02		1.20E+04		1.9145								4.0797490766		0.4097162981

				1.20E-02		1.20E+04		1.9179								4.0774017026		0.4077271594

				1.19E-02		1.19E+04		1.9232								4.0737531658		0.4046354297

				1.18E-02		1.18E+04		1.9272								4.070994109		0.4022974356

				1.17E-02		1.17E+04		1.9316								4.0679746022		0.399738739

				1.17E-02		1.17E+04		1.9335								4.0667160559		0.3986722608

				1.16E-02		1.16E+04		1.9389								4.0630134322		0.3955346985

				1.15E-02		1.15E+04		1.9435								4.0599104876		0.3929052976

				1.14E-02		1.14E+04		1.9473								4.0573796489		0.3907606929

				1.13E-02		1.13E+04		1.9515								4.0545567535		0.3883686026

		1.95K		1.13E-02		1.13E+04		1.9519				2.4161489698		4.7763403204		4.0542670897		0.3881231448		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.13E-02		1.13E+04		1.9559								4.0515885282		0.3858533614

				1.11E-02		1.11E+04		1.9642								4.0460309665		0.3811439452

				1.10E-02		1.10E+04		1.9720								4.040875567		0.3767753168

				1.09E-02		1.09E+04		1.9791								4.0361871913		0.3728024392

				1.08E-02		1.08E+04		1.9860								4.0316725966		0.3689768216

				1.06E-02		1.06E+04		1.9944								4.0261903511		0.3643312276

				1.06E-02		1.06E+04		1.9981								4.0238275703		0.3623290333

				1.11E-02		1.11E+04		1.9667								4.0443782418		0.3797434446

				1.09E-02		1.09E+04		1.9762								4.0381323498		0.3744507449

				1.08E-02		1.08E+04		1.9834								4.0334028445		0.3704430145

				1.07E-02		1.07E+04		1.9907								4.028640783		0.3664076964

				1.12E-02		1.12E+04		1.9593								4.0493351113		0.3839438409

				1.13E-02		1.13E+04		1.9514								4.054604629		0.3884091718

		2.00K		1.05E-02		1.05E+04		2.0028				2.4161489698		4.7763403204		4.0208139892		0.3597753581		4.277453		-4.211405		1.424165		-0.309684		0.006653		0.022147		-0.002969		-0.005338		0.003791

				1.04E-02		1.04E+04		2.0071								4.0179939878		0.3573857201

				1.04E-02		1.04E+04		2.0097								4.0163471133		0.3559901769

				1.03E-02		1.03E+04		2.0139								4.0136813806		0.3537312645

				1.03E-02		1.03E+04		2.0167								4.0118587499		0.3521867874

				1.02E-02		1.02E+04		2.0205								4.0094419718		0.3501388365

				1.02E-02		1.02E+04		2.0242								4.0070723475		0.3481308431

				1.01E-02		1.01E+04		2.0276								4.0049087789		0.346297459

				1.01E-02		1.01E+04		2.0305								4.0031290838		0.3447893651

				1.01E-02		1.01E+04		2.0303								4.0032144484		0.3448617021

				1.00E-02		1.00E+04		2.0339								4.0009626318		0.3429535377

				9.99E-03		9.99E+03		2.0360								3.9996298234		0.3418241306

				9.91E-03		9.91E+03		2.0419								3.9959272581		0.3386866179

				9.86E-03		9.86E+03		2.0451								3.993927565		0.3369921001

				9.82E-03		9.82E+03		2.0478								3.9922167317		0.3355423589

				9.77E-03		9.77E+03		2.0513								3.9900718904		0.3337248441

				9.70E-03		9.70E+03		2.0563								3.9869355712		0.331067162

				9.59E-03		9.59E+03		2.0646								3.9817973221		0.3267130667





		

						Calibrated Germanium Resistor Thermometer

						Manufactured by LakeShore

						Sensor Serial Number: 27457

						Polynomial Type: Chebychev

						Useful range of fit: 1.40 to 8.14 K

				Input				Output				Lower limits		Upper limit		Log(Resistance)

				V (V)		R (Ohms)		T (K)		Sensitivity (Ohms/mK)		ZL		ZU		Z		X		A_0		A_1		A_2		A_3		A_4		A_5		A_6		A_7		A_8

		1.75K		1.70E-02		1.70E+04		1.7483				2.4212007922		4.8120469066		4.2301650044		0.5132418613		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.70E-02		1.70E+04		1.7494								4.2293280182		0.5125417024

				1.70E-02		1.70E+04		1.7485								4.2300133867		0.5131150295

				1.70E-02		1.70E+04		1.7486								4.2299913939		0.513096632

				1.70E-02		1.70E+04		1.7483								4.2301974687		0.5132690186

				1.70E-02		1.70E+04		1.7486								4.2299929283		0.5130979156

				1.70E-02		1.70E+04		1.7482								4.230281558		0.5133393613

				1.70E-02		1.70E+04		1.7481								4.2303594986		0.5134045604

				1.70E-02		1.70E+04		1.7483								4.2302327422		0.5132985257

				1.70E-02		1.70E+04		1.7482								4.2302813025		0.5133391475

				1.70E-02		1.70E+04		1.7496								4.2291862285		0.5124230919

		1.80K		1.55E-02		1.55E+04		1.7999				2.4212007922		4.8120469066		4.1893502052		0.4790993049		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.55E-02		1.55E+04		1.7994								4.1897370082		0.4794228749

				1.55E-02		1.55E+04		1.7987								4.1902442701		0.4798472116

				1.55E-02		1.55E+04		1.7993								4.1897990106		0.4794747414

				1.55E-02		1.55E+04		1.7997								4.189493121		0.4792188574

				1.55E-02		1.55E+04		1.7991								4.1899140143		0.4795709447

				1.55E-02		1.55E+04		1.7990								4.1900031913		0.4796455434

				1.55E-02		1.55E+04		1.7988								4.1901562638		0.4797735922

				1.55E-02		1.55E+04		1.7991								4.1899667375		0.4796150489

				1.55E-02		1.55E+04		1.7988								4.1901369225		0.4797574127

				1.55E-02		1.55E+04		1.7987								4.1902395059		0.4798432262

				1.55E-02		1.55E+04		1.7988								4.1901540214		0.4797717164

				1.55E-02		1.55E+04		1.7994								4.1897238211		0.4794118435

				1.55E-02		1.55E+04		1.8000								4.18924067		0.4790076761

		1.85K		1.42E-02		1.42E+04		1.8495				2.4212007922		4.8120469066		4.1517463616		0.4476427897		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.42E-02		1.42E+04		1.8498								4.1515665714		0.4474923909

				1.42E-02		1.42E+04		1.8498								4.1515494155		0.4474780396

				1.42E-02		1.42E+04		1.8492								4.1519762743		0.4478351172

				1.42E-02		1.42E+04		1.8496								4.1517145132		0.4476161478

				1.42E-02		1.42E+04		1.8493								4.1519162822		0.4477849323

				1.42E-02		1.42E+04		1.8496								4.1516737807		0.447582074

				1.42E-02		1.42E+04		1.8496								4.1516832751		0.4475900163

				1.42E-02		1.42E+04		1.8492								4.1519704591		0.4478302526

				1.42E-02		1.42E+04		1.8496								4.1516982819		0.4476025699

				1.42E-02		1.42E+04		1.8495								4.1517166569		0.447617941

				1.42E-02		1.42E+04		1.8494								4.1518091328		0.4476952993

				1.42E-02		1.42E+04		1.8489								4.1521886287		0.4480127567

				1.42E-02		1.42E+04		1.8493								4.1518930177		0.447765471

		1.90K		1.31E-02		1.31E+04		1.8986				2.4212007922		4.8120469066		4.1160961174		0.4178205072		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.30E-02		1.30E+04		1.8999								4.1152093112		0.4170786725

				1.30E-02		1.30E+04		1.9004								4.1148180753		0.4167513943

				1.30E-02		1.30E+04		1.9003								4.1148730829		0.4167974095

				1.30E-02		1.30E+04		1.8995								4.1154777071		0.4173031921

				1.30E-02		1.30E+04		1.8993								4.1155948701		0.4174012018

				1.30E-02		1.30E+04		1.9010								4.1143901117		0.4163933925

				1.30E-02		1.30E+04		1.9013								4.1142038509		0.4162375809

				1.30E-02		1.30E+04		1.8996								4.1154071277		0.4172441508

				1.30E-02		1.30E+04		1.9009								4.1144668626		0.4164575965

				1.30E-02		1.30E+04		1.9002								4.1150110713		0.4169128401

				1.30E-02		1.30E+04		1.9003								4.1149090841		0.4168275254

				1.30E-02		1.30E+04		1.9003								4.1148867504		0.4168088427

		1.95K		1.20E-02		1.20E+04		1.9507				2.4212007922		4.8120469066		4.0798495451		0.3874993818		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.20E-02		1.20E+04		1.9506								4.0799099234		0.3875498897

				1.20E-02		1.20E+04		1.9506								4.0798806206		0.3875253772

				1.20E-02		1.20E+04		1.9509								4.0797190761		0.3873902414

				1.20E-02		1.20E+04		1.9511								4.0795350519		0.3872363007

				1.20E-02		1.20E+04		1.9508								4.079755221		0.3874204775

				1.20E-02		1.20E+04		1.9510								4.0796193006		0.3873067768

				1.20E-02		1.20E+04		1.9510								4.0796409929		0.3873249229

				1.20E-02		1.20E+04		1.9512								4.0794706792		0.3871824515

				1.20E-02		1.20E+04		1.9509								4.0797024485		0.387376332

				1.20E-02		1.20E+04		1.9503								4.080146839		0.3877480753

				1.20E-02		1.20E+04		1.9505								4.0799510741		0.3875843133

				1.20E-02		1.20E+04		1.9499								4.0803973758		0.3879576554

				1.20E-02		1.20E+04		1.9503								4.0801183105		0.3877242105

		2.00K		1.11E-02		1.11E+04		2.0019				2.4212007922		4.8120469066		4.0456386079		0.358881114		4.271885		-4.206669		1.428131		-0.314941		0.008932		0.022037		-0.003338		-0.005191		0.004014

				1.11E-02		1.11E+04		2.0027								4.0451069516		0.3584363708

				1.11E-02		1.11E+04		2.0017								4.0457449393		0.3589700628

				1.11E-02		1.11E+04		2.0022								4.0454442513		0.3587185301

				1.11E-02		1.11E+04		2.0017								4.0457840251		0.359002759

				1.11E-02		1.11E+04		2.0013								4.0459946374		0.3591789413

				1.11E-02		1.11E+04		2.0017								4.0457593624		0.358982128

				1.11E-02		1.11E+04		2.0020								4.0455521945		0.3588088271

				1.11E-02		1.11E+04		2.0020								4.0455729196		0.3588261642

				1.11E-02		1.11E+04		2.0014								4.0459204073		0.359116846

				1.11E-02		1.11E+04		2.0009								4.0462555144		0.3593971711

				1.11E-02		1.11E+04		2.0011								4.0461356398		0.3592968931

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0012								4.0460930705		0.3592612829

				1.11E-02		1.11E+04		2.0011								4.0461637567		0.3593204135

				1.11E-02		1.11E+04		2.0017								4.0457347764		0.3589615612

				1.11E-02		1.11E+04		2.0014								4.0459579146		0.3591482217

				1.11E-02		1.11E+04		2.0016								4.045796141		0.3590128943
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