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come    

The perturbation method is very widely used in the microwave characterization of the electromagnetic properties of materials in resonant cavities [START_REF] Peng | Maximum sample volume for permittivity measurements by cavity perturbation technique[END_REF][START_REF] Kim | Improved Measurement Method of Material Properties Using Continuous Cavity Perturbation Without Relocation[END_REF][START_REF] Jones | Particle shape effects on the effective permittivity of anisotropic or isotropic media consisting of aligned or randomly oriented ellipsoidal particles[END_REF][START_REF] Jha | Accurate Microwave Cavity Sensing Technique for Dielectric Testing of Arbitrary Length samples[END_REF]but this technique has some problems can limits the accuracy of the results, , among this problems: the presence of small specimen in the maximum E-plane or H-plane of the cavity with a height should be equal the height of the cavity, and this test sample must have a specific shape (rod or bar shape) [START_REF] Kim | Improved Measurement Method of Material Properties Using Continuous Cavity Perturbation Without Relocation[END_REF], therefore we should improve the classical method. While the most recently publications are for developing the rectangular technique [START_REF] Peng | Maximum sample volume for permittivity measurements by cavity perturbation technique[END_REF][START_REF] Kim | Improved Measurement Method of Material Properties Using Continuous Cavity Perturbation Without Relocation[END_REF]. This work focuses on the amelioration of the conventional CPT in cylindrical side. Where, a TM010 cylindrical cavity is proposed to test the change of resonance frequency and Q-factor, using expanded formulas include the effect of the depolarizing factor and the theory of images, this newly derived equations can minimize the limitations on the size, shape and location of the sample to be measured. In order to guarantee a precise estimation of the complex permittivity, the maximum volume ratio of the sample to cylindrical cavity has been invested because an accurate assessment of the complex properties of materials using CPT requires knowing the maximum sample volume, moreover a significant increase in the volume ratio of the dielectric sample, it can be available by using a cylindrical cavity, our propose approach validate the determination of the ratio for several geometries and nature of the sample. In fact, knowing the size alone is not enough, determining the sample placement area is also important to ensure accurate results, while there are always obstacles that prevent placing the sample in the center due to the structure of the cavity and the perturbation of the mode to be excited. Based on the results determined from experimental and numerical measuring regarding to the maximum volume and the area, we investigate the improved CPT to measure the complex permittivity more accurately than in its classical form.

Principe

This work is divided into two parts, each one is linked to the other, where the first part depends on determining the volume ratio, through which we can determine the perfect size of the sample under test, and then the second part, depends on defining the area in which we place the sample without affecting the field lines, hence it become easier for us to take measurements without fearing of the uncertainty. And in the end, depending on these results, we can conclude the extent of the impact both positioning and size, for determine the value of the complex permittivity.

We use the depolarizing factor and the theory of images mentioned in [START_REF] Jones | Particle shape effects on the effective permittivity of anisotropic or isotropic media consisting of aligned or randomly oriented ellipsoidal particles[END_REF] to improve the perturbation formulas, where this factor is affected by the shape and the orientation of the sample. For general ellipsoid having axial dimensions x1, y1 (i.e, x1=y1), z1 (rotation axis), the depolarization factor in the ith axial direction is given by [START_REF] Peng | Maximum sample volume for permittivity measurements by cavity perturbation technique[END_REF]:
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If the length of the test sample is shorter or have a different geometry then rod/bar shape, a polarized field will be created, then because of the perfect electric conducting of the walls of the cavity an images of depolarizing field will be also created, hence an effective depolarizing factor ! is defined as [START_REF] Kim | Improved Measurement Method of Material Properties Using Continuous Cavity Perturbation Without Relocation[END_REF][3][4]:
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Due the insertion of a small specimen into a resonant cavity, create a shift in resonance frequency is giving by: ) it can be expressed also with the change in resonance frequency and quality factor [START_REF] Peng | Maximum sample volume for permittivity measurements by cavity perturbation technique[END_REF]:
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From equations above, and by taking in consideration the allowed frequency shift range
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, the maximum sample volume to the volume of the cavity is giving by:
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The ratio of the maximum sample volume to the volume of the cavity becomes:
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When the dielectric sample is an rod/bar shape, with a height h equal to that of the cavity and Q 0, the volume ratio is,
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And , the factor N=1, in the case of a thin-disk sample, the volume ratio is given by : as a function of the permittivity for a dielectric thin disk Fig. 1 shows the variation of the volume ratio for a dielectric bar and disk.the dielectric with a bar shape depends only by the relative dielectric constant instead the disk shape related on both relative dielectric constant and the relative dielectric loss factor, and as noticed there is an inverse relationship between the ratio and the complex permittivity values, where the decrease when ԑ R S or ԑ R SS increase. A low-loss material FW X D ԑ R * 8.9 + 0.004\ ]^_ (]^`a 0.000449 is tested to check the validity of our approach, compared with previous improvement in the rectangular cavity [START_REF] Kim | Improved Measurement Method of Material Properties Using Continuous Cavity Perturbation Without Relocation[END_REF] using the same material, where it is observed that, there is an expanded of approx. +8.4% for sphere and disk geometries in a cylindrical cavity, and this is allows an expand in the range of the volume sample. As reported in Table. [START_REF] Peng | Maximum sample volume for permittivity measurements by cavity perturbation technique[END_REF] where the exception of this amelioration was in the bar shape.

developing technique

Putting a sample in a distance or faraway from the centre of the cavity, depends on the conditions that must be followed, as we cannot place the sample randomly, it's not acceptable, first it's important to consider that, the exciting mode is an TM010 mode, where the concentration of the electric fields are just in the center of the cavity, however, positioning the specimen too far may not be correct in terms of formulation of the TM010 equations. In the beginning, it was necessary to determine new circle with new coordinates (b S , d S , e , and these new coordinates will be in terms of the central's circle coordinates (the cavity )(r,θ,z). And this is what the figure Fig. 2 shows obtained from MATLAB code, illustrate several circles with different diameters, move away a distance D from the center. By determining these new coordinates, the complex permittivity values for a sample placed in a certain distance from the center now depends on these new data. 

Experimental and numerical measuring

This study based on determining the zone in which the sample can be placed without being significantly affected. However, we can calculate the permittivity of the dielectric sample certainly and define the zone where the sample is allowed to be placed. This work is divided in two parts, the first one treat the centred case for a sample with three different heights 2mm,4mm and 6 mm. The second part, focus on the eccentricity case for the same heights in various positions.

The following table shows the value of ԑ R S , ԑ R SS , (` a and for a sample with different geometry (disk and bar), and as the central positions are not precisely known, it would be good to do a sensitivity study, ie to move the central position +/-0.05mm; +/-0.1mm, etc, and to examine the variation of the real and imaginary parts extracted. The sample's nature is ceramic with a permittivity around 15, and as noticed there are three heights of this sample, sample (1) it height is 2 mm, where we can consider it as a disk, and sample (2) and sample (3) with a heights equal 4mm,6mm respectively, and we can consider them as a bar samples. According to the results presented in the table and the curves at the bottom, we can observe that the value of the permittivity increases as we move away from the centre and decreases as we approach the centre, concerning the interval [-0.5:0.5]. But in a small interval, there are no change noticeable. The direction, positive or negative, has no influence on the value, because it always gives the same value. In addition, we can see that in the centre, the biggest sample, the more effective in the results, and the smaller size, gives unsatisfactory results.

-concerning the volume ratio , if we consider that the sample( 1) is an disk and sample (2) , sample(3) are bars,

The sizes are commensurate with the upper limit required. Where the highest value of the ratio , should reach in the case of a bar shape is approximately 0.005, and for a disk shape is 0.0011, and this is confirmed by Fig. 1. The following table shows the values of ԑ R S , ԑ R SS , (` a in the decentered case, there are three samples in three different positions, centered position, 5 mm away from the center and 10 mm away. This is to know the effect of the distance on the permittivity values, without moving too far so that the line of electric field is not affected by the distance. For a small sample, sample(1) with a height equal 2 mm, the calculation of the permittivity at a distance of 5 mm gave good results compared to the other distances, so that the more we move away or approach the centre, the more we move we get less certainty of values. In the case of a slightly big height sample(2) (4mm), the results are almost satisfactory in all positions, but the distance 10mm away from the centre of the cavity still gives lower quality results. The last sample, with 6 mm height, gives more precise results in the cantered case and at a distance of 5 mm, but moving away from the centre by 10 mm leads to less precise results. Due to the influence of size and distance. As the Table .3 illustrate.

4.Conclusion

This work gives satisfactory results, in terms of determining the effect of size and distance from the centre in obtaining the permittivity value, where the very small size gives good results in a distance of 5mm away from the centre, and the medium size continues to give better results in the three positions, the big size is preferred to have its measurements in the centre only.
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 1 Fig. 1. (a) .
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 2 Fig.2 Illustration of the eccentricity of a circle obtained from MATLAB code.
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 345 Fig.3. (a) the variation of the relative dielectric constant as a function of the distance D of the sample(1), (b) the variation of the loss tangent as a function of the distance D

Table 1 .

 1 Comparison between the maximum volume ratios of sample to circular cavity and sample to rectangular cavity.

			Material	
	The shape of the sample	Cylindrical Cavity (improved)	Al O D Rectangular cavity [2]	Rate of increase
	Sphere	0.000249317	0.000230	+8.4%
	Bar	0.0000686189	0.0000719	-4.56%
	Disk	0.00061071298	0.000563	+8.48%

Table . 2

 . The

			values of ԑ R S , ԑ R SS , (` a and		according to the distance D for samples with different volume in the
	centred case.												
	Distance (mm) Sample (1) Fr=2.447762 (ghz) Q=758.9961 = 0.00067341	-0.5 3.826 3 SS , 2.736 S ԑ R ԑ R 8 (` 0.715 3	-0.4 3.825 9 2.735 4 0.715 0	-0.3 3.825 6 2.734 3 0.714	-0.2 3.825 4 2.733 6 0.714 6	-0.1 3.825 3 2.733 1 0.714	0 3.825 3 2.732 9 0.714	0.1 3.825 3 2.733 1 0.714 5	0.2 3.825 4 2.733 6 0.714 6	0.3 3.825 6 2.734 3 0.714 7	0.4 3.825 9 2.735 4 0.715	0.5 3.826 3 2.736 8 0.715 3
	Sample (2)	Fr=2.4387625( ghz) Q=637.5850 =0.0013	S ԑ R ԑ R SS , 5.200 10.69 22 9 (` 0.486 4	10.68 79 5.195 7 0.486 1	7 10.68 47 5.191 6 0.485 9	10.68 23 5.188 7 0.485 7	5 10.68 09 5.187 0 0.485 6	4 10.68 05 5.186 4 0.485 6	10.68 09 5.187 0 0.485 6	10.68 23 5.188 7 0.485 7	10.68 47 5.191 6 0.485 9	0 10.68 79 5.195 7 0.486 1	10.69 22 5.200 9 0.486 4
	Sample (3)	Fr=2.425(ghz) Q=359.2593	S ԑ R	13.95 13	13.94 61	13.94 20	13.93 92	13.93 74	13.93 69	13.93 74	13.93 92	13.94 20	13.94 61	13.95 13
		0	=0.002	ԑ R SS , (`	7.473 5 0.535 7	7.466 3 0.535 4	7.460 7 0.535 1	7.456 7 0.534 9	7.454 3 0.534 8	7.453 5 0.534 8	7.454 3 0.534 8	7.456 7 0.534 9	7.460 7 0.535 1	7.466 3 0.535 4	7.473 5 0.535 7

Table . 3

 . The values of ԑ R S , ԑ R SS , (` a for three different positions.

	Samples position	Sample (1) ԑ -S	ԑ -SS	pq )	Sample (2) ԑ -S	ԑ -SS	pq )	Sample ( 3) ԑ -S	ԑ -SS	pq )
	Center	3.1383	2.4951	0.7950	12.5148	4.8267	0.3857	13.9369 7.4535	0.5348
	5mm	9.8704	5.7190	0.5794	11.2429	7.1482	0.6358	14.3444 4.2964	0.2995
	10 mm	-0.2858	9.4274	-32.9807	9.8586	6.5466	0.6640	2.8710	9.0178	3.1409