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Abstract

This article introduces several methods to reduce and eliminate the disturbance of the pulse peak in the determination on the thermal conductivity of poor conductors based on the flash method. Analysis and comparison of the results are provided at the same time.
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1. Introduction
Due to the advantages of measuring technologies such as short measure time and so on in recent years, unsteady methods are favored and developed for its less requirement of measuring time. Though using unsteady methods [1] to measure the conductivity of poor conductors is widely adopted in foreign countries, such methods are seldom applied in physics experiments for educational uses in China.  The physics department of Peking Univ. designs and develops the experiment of the determination on the thermal conductivity of poor conductors using the flash method, one of the unsteady methods. This experiment becomes a comprehensive experiment by enriching the flash method with computer-based control and data collection and combining with relating knowledge of thermal, optics and electronics experiment. The main process of the experiment is: applying a light pulse to heat one surface of a thin column-shaped sample, then use the temperature variance against time at the rear of the sample to determine the thermal diffusivity, and finally calculating the thermal conductivity according to the heat capacity and density of the material. In order to exclude the influence of the environment temperature, a temperature sensor, which is the same as the material temperature sampling system, is used to measure the environment temperature, and it is placed in the “contract box” on the optical pedestal (figure 1). The real temperature increase of the test sample is calculated by subtracting the data of the two boxes. Figure 2 shows the principium of the heating.
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Figure 1: sketch map of the settings
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Figure 2: the principium of the heating

The original method calculating the thermal conductivity is to measure the time 
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 when the temperature reaches half of its maximum, and solve thermal conductivity differential equation. The thermal conductivity is


[image: image4.wmf]22

12

1.38

π

cLt

lr

=×××

, 

where 
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 is the density of the sample, c is the heat capacity of the sample, and L is the thickness of the sample.

However, a considerable pulse peak will occur on the computer collected time-temperature figure in the experiment (figure 3). This peak carries following features:

(1) This peak has a comparable amplitude (average 0.1℃); the maximum pulse reaches the similar magnitude to the maximum temperature rise before the amelioration of the experiment.

(2) The peak is random in its direction and amplitude, and different pulse will be observed in different equipment.

(3) The peak is usually followed by a temperature excursion similar to the discharge process of capacitances.

Therefore, the instance of the flash and the initial temperature could be inaccurate, and the result of the experiment is not quite desirable. This article mainly discusses the origin of the peak and designs several methods of both the equipment and the data analysis to overcome this difficulty.
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Figure 3: The time-temperature curve of the ceramic sample
2. Analysis



Considering the practical condition of the experiment, the origin of the pulse peak is very complicated, so our solution may be various too. In this part, we will first discuss the cause of the pulse, and then evaluate the theoretic possibilities of the solutions.

(1) The origin of the pulse peak
Through many experiments, we have discovered that the main origin of the peak comes from a circuit connecting the PN junction sensor in the sample box and the co-axis wires out of the sample box. Since this circuit is consistituted by general wire and is of several cm2 areas, it is susceptible to the electromagnetic radiation.

The setting has adopted magnetic rings (
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) on both the high voltage power supply wire and the signal wire to provide shielding. Therefore, the radiation of the xenon flasher is the major factor, and the effect of the circuit in the power supply can be omitted. The xenon flasher consists of two metal electrode and the radiation centralizes between these electrode can be approximately viewed as capacitance discharge.

According to the result of the experiments, the frequency of the noise pulse in the time-temperature curve is approximately 10Hz. The ellipsoid mirror has a small size of 0.1m, and it can converge the high frequency radiations to one of its focus. However, the period of the high frequency electromagnetic radiation is much shorter than the turning time of the A/D board (10µs), so the effects of the high frequency signals are omitted. On the other hand, low frequency signals (approximately 10kHz) have wavelengths of approximately tens of thousand meters; the ellipsoid mirror (0.1m) has little effect on them. Therefore, we can apply a ‘slow-changing field approximation’ to the low frequency signals and consider it quasi-static and consistent. Consequently, the problem is reduced to the determination of the electromagnetic alteration of two isolated electrodes in the discharging process. Because the electric field does not generate the electromotive force in a circuit, it is not the origin of the peak. In order to calculate the magnetic field around the sample, we assume: the xenon flasher is place on the origin of the coordinate; the electric current flows in the Z direction and the quasi-static current between the electrode is at (-a/2,a/2). So
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where 
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 is the current of the xenon flasher; 
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 represent the unit vector of the current (horizontal) and the unit vector from xenon flasher to the sample respectively; 
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 represents the distance between xenon flasher and the sample. The maximum current 
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 is approximately 200A, so B is approximately 10－4T. On a circuit of 1cm2 area, it will induce an electric field as follow:


[image: image13.wmf]t

BS

E

D

=

/

.

The discharge duration is about 0.3ms, and thus the electromotive force is about 0.1mV, causing a peak of 0.1oC. This is how the pulse peak is created.

(2) The effect of the data collecting time on the intensity of the peak
The collection frequency is 10Hz, and on the other hand the duration of discharge is quite fast, so the intensity of the peak can be quite incidental. We assume that the data collection reflect the instantaneous value (disregard the integral and differential effects), so the voltage of the circuit varies as a exponential decrease:

.
We trigger the xenon flasher using the function ” trigger manually” in the experiment; the collection is irrelevant to the trigger, thus the value collected is the average of the real value:
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Where T is the interval of the collection, approximate0.1s, 
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 is the frequency response constant of the PN junction.

Overall, the data collected can considerably deviate from the real value and fluctuate around the average value. So many small peaks can be quiet incidental instead of really eliminating the noise pulse, and repetition is necessary.

(3) The effect of the shielding

Put in an even magnetic field B, the inner intensity of magnetic field 
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 in an even spherical shell with inner radius 
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 and magnetic inductivity 
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 is:
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If the shell is, thin enough, with the thickness 
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 and radius 
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We can use the previous formula to estimate the thin metal cube.

The chassis of computer is an iron cube (35.2cm
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At the same time, we attempt to cast shielding on the sample to eliminate the noise signal. We use an iron cube to shield all parts of the sample but the co-axis wire. Because the iron cube provide well enclosure, the inner electric shield can be omitted. The parameter of the cube are
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The pulse peak is remarkable reduced after shielding.

3. Improvement of the equipment and the data analysis method

(1) Analysis and improvement of the equipment

A contrast circuit is used in the experiment; stretching out from the AD/DA board the two co-axis wire with magnetic shielding ring are attached to the test sample box and the contrast box respectively, and then general wires are used to connect the PN junction sensor within the two boxes. AD/DA board is placed in the chassis, and if it is plugged into the ISA slot, additional wires are required, while the PCI slot dose not. Therefore, the parts susceptible to the pulse noise are the general wire in both boxes and the wire on ISA slot. Because the ISA slot is much more vulnerable than the PCI slot, the following discussions focus on the ISA slot.

In our experiment, the heat noise of the circuit is 0.0007℃ average (figure 4). By compare the peak with this noise, we can judge our work. No peak less than 0.0007℃ can be observed.
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Figure 4: Heat noise
First, we put the test sample box and the contrast box away from the xenon flasher. When the distance is greater than 0.5m, the peak of the flash is quite tiny; it drops from 0.1℃ to below 0.02℃ (the maximum temperature increase of the whole process is 0.3℃). Removing one box (further than 0.5m) and shielding the other will have the same effect. Based on this fact, we can conclude that the general wire within the two boxes or the PN junction sensor is the main origin of the pulse peak.

Then we reduce the length of the wire on the ISA slot and twist them together, and the peak decreases to less than 0.01℃. So we can achieve our goal of reducing the peak in both boxes when they are put back to 0.1m from the xenon flasher and twisting the wire of the ISA slot and the wires connected to PN junction.

(2) Improvement of the circuit

The main content of the noise pulse consists sine waves of frequency higher than 100Hz (lower frequency waves are considered valuable signals.). We adopt capacitance to eliminate these higher frequency sine waves; the circuit diagram is shown in figure 5. The capacitance is parallel connected to the circuit; since the RC circuit has low resistance to the high frequency signals, the output voltage 
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 is correspondently low, and the peak is well eliminated. The PN junction sensor has 
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 direct current resistances, so the capacitance should be several hundredµF.
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Figure 5: parallel-connected capacitances

The following data shown in Tab.1 and 2 reflect the relation of the intensity of peak and the position of the test sample box relative to the xenon flasher (only the position of the test sample box is changed); the contrast box is put in a distance, and the effect of the contrast diode is obviated. The capacitance is 100μF, bars in the table mean that no noticeable peak takes place.

Tab.1 Without capacitance

	Position/cm
	1
	2
	3
	4
	5
	6
	Average
	Standard deviation

	-13.0*
	0.025
	0.0116
	0.002
	0.022
	0.002
	0.028
	0.0151
	0.012

	-12.0
	0.009
	0.003
	0.009
	0.009
	0.05
	0.01
	0.015
	0.017

	-11.0
	0.005
	0.007
	0.011
	0.011
	0.005
	0.014
	0.0088
	0.0037

	-10.0
	0.010
	0.013
	0.013
	0.012
	0.033
	0.005
	0.0143
	0.0096

	-9.0
	0.010
	0.046
	0.009
	0.031
	0.064
	0.019
	0.030
	0.022

	-8.0
	0.008
	0.0093
	0.006
	0.018
	0.022
	0.050
	0.019
	0.016

	-7.0
	-0.070
	-0.005
	0.027
	-0.090
	-0.039
	-0.014
	-0.0318
	0.0433


Tab.2 With capacitance under the same condition:

	Position   /cm
	1
	2
	3
	4
	5
	6
	Average
	Standard deviation

	-13.0
	0.002
	-0.0017
	-0.023
	-0.0005
	0.003
	-
	0.0005
	0.0098

	-12.0
	0.003
	0.003
	-0.018
	0.003
	-0.0042
	0.002
	-0.0019
	0.0084

	-11.0
	0.003
	0.0033
	0.0025
	-0.01
	0.004
	-0.008
	-0.0009
	0.0063

	-10.0
	0.0015
	0.0041
	-0.0150
	0.0059
	0.003
	-0.003
	-0.0006
	0.0077

	-9.0
	-0.011
	-0.004
	0.006
	0.004
	0.0037
	0.0044
	0.0005
	0.0066

	-8.0
	-
	0.0027
	-0.0136
	-
	-0.0049
	-0.0116
	-0.0046
	0.0067

	-7.0
	-
	-0.0038
	-
	-0.0212
	0.0018
	-0.0109
	-0.0057
	0.0089


Note*: “-“ represents the sample is on the left-hand side to the xenon flasher.

The peak reduces to one tenth when capacitance is attached, proving the parallel-connected capacitance is effective. Several peaks greater than 0.01℃ are considered to be caused by the incomplete discharge of the capacitance. The capacitance casts no influence to the result such as the shape of the curve and response time, except for reducing the peak.

(3) Data analysis

Beside the experimental methods to eliminate the peak, new ways of data processing are also adopted in order to reduce the influence of the remaining peak.

a. A brief instruction of the original method

We solve the one-dimensional thermal conductivity differential equation, and at the rear side of the sample (x=L) the temperature increase is
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Variable V and ω are defined as following
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Let V=1/2, then ω=1.38. Define the corresponding time as 
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, the thermal conductivity is
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b. The calculation based on a few points

The work depends on the hypothesis below:

The attenuation of the peak is rapid and it has little influence on the shape of the whole figure, thus it brings about a translation to the figure. Two parameters, temperature translation 
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describes the shape of the curve.

The three parameters meet the equation
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The maximum temperature at stabilization time 
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 is inducted to eliminate
[image: image52.wmf]T

D

:


[image: image53.wmf]L

c

Q

T

T

m

×

×

=

D

-

r

.

Thus


[image: image54.wmf](

)

(

)

22

π

1

2

1e

n

natt

m

n

Q

TT

cL

r

¥

-××-D

=

-=-

××

å

.

According to three points 
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 transcend equation of 
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 can be obtained as shown below:
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The result of this method shows that the parameter 
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 depends on the selection of the three points prominently. When a few points are selected to decide the figure, departure of the point can engender great error on 
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. Therefore calculating 
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 by three points is defective when the curve is not accurate. More data on the curve should be included.

c. Curve fitting

The main deficiency of the method above is the insufficient using of efficient data; therefore, data-fitting method is adopted. The basic hypothesis of this method is the same as the method above (only translation is considered). Suppose the curve 
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 The data from the experiment（data array）is 
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The main idea of this method is to scan the value of the parameters 
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When the actual temperature curve comes from the discrete data array, the function is
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The minimum point 
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. Figure 7 gives a comparison of the regressed curve and actual curve from experiment:
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Figure 6: A comparison of regressed curve and actual curve from experiment. The red curve shows the original data array; the green curve shows the data after heat dissipation amendment; the blue curve shows the theory curve regenerated by the parameters from the result of fitting method. It can be seen that two curves are almost superposition.

For the different data with different intensity of peak from one apparatus, the value of 
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 is steady in a wide range. A credible value can be obtained by the method in spite of remarkable peak. Therefore, this method excludes the influence of the pulse peak, and improves the data processing. 

4. Conclusion
This experiment discusses the equipment and the method of data processing thoroughly on the base of the formal equipments flash method experiment. We study the influence of the flash on the nearby diode by moving one diode far away to exclude the effect of it. This is the base for further experiment. Discussing singly simplifies the question. Then we find the main cause of the pulse is the small circuit, which connects the PN junction and co-axis wires. Furthermore, the fitting method enhances the data utilization, and makes the result more credible. Meanwhile, the process makes the determination more automatic.
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