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Abstract 
Based on the classical theory of dielectric physics and recent developments in dielectric 
polarization and loss, we conduct experiments and perform microscopic analyses. In this 
paper, the different polarizations of dielectrics are mainly explained, and the field 
strength and polarization strength are calculated and derived. The characteristics of 
dielectric loss under different conditions are analyzed. The original dielectric constant 
and loss tangent measurement methods have been optimized and improved. 
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1. Introduction 

Electric fields can exist both in vacuum and in physical media. Under the action of the electric field, 
the medium will produce different degrees and forms of polarization. There are polarization 
differences under constant and alternating electric fields. What is the loss of different dielectrics under 
different influencing factors? What are the improvements and conclusions from existing dielectric 
constant and loss tangent measurements? However, there is no article that definitively answers these 
questions. 

Aiming at the above problems, this paper analyzes the calculation of the field strength and 
polarization strength of the dielectric polarization. At the same time, we carry out numerical and 
graphical analysis of dielectric loss by combining various factors. For the measurement of dielectric 
constant and loss tangent, we improved the existing bridge method and proposed the measurement of 
resonance method. 

2. Polarization of the Dielectric 

2.1 Polarization of Dielectric under Constant Electric Field 

Dielectric under the action of electric field, on the one hand, induced dipole moment, on the other 
hand, induced bound charge on the dielectric surface. The surface induced bound charge also 
indicates the degree of polarization of the dielectric under the electric field. These bound charges are 
the same as free charges and generate additional electric fields in both internal and external space of 
the dielectric. The electric field at any point in space is the vector sum of the electric field generated 
by the applied electric field and the bound charge. 

2.2 Polarization of Dielectric under Alternating Electric Field 

Under alternating electric field. According to the polarization response time, polarization can be 
divided into two categories: Instantaneous Displacement Polarization (polarization intensity is 
expressed byP ) and Relaxation Polarization (polarization establishment time is longer, this kind of 
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polarization is a slow polarization process, and polarization intensity is expressed by rP ). In the 
medium, both Instantaneous Polarization and Relaxation Polarization exist. 
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Fig. 1 Polarization 

 

According to the Clausius equation: 
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For electron displacement polarization: 

 

0 ( 1)P E 
 

    

 

Relaxation polarization intensity 
rP


 can be expressed as: 
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The strength of the electric field applied to each polarized particle: 
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In establishing the transition of polarization, the polarization intensity P
  is a function of time, so is 

the electric field intensity 
iE


 acting on the microscopic particles. 
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3. Dielectric Loss 

3.1 Loss of Gaseous Dielectric 

In addition to the two types of loss of gas medium, conductivity and polarization, there are also losses 
caused by gas dissociation. When the field strength is not enough to produce collisional dissociation, 
the loss in the gas is mainly caused by the conductance, and the loss is extremely small ( 8tan 10   ), 
so the gas (Such as air, carbon dioxide, nitrogen, sulfur hexafluoride) is often used as the medium of 
the standard capacitor. The gas dielectric loss can be ignored in engineering, but when the field 
strength exceeds the value required for the ionization of gas molecules, the gas medium will be 
ionized, the dielectric loss will increase greatly, and with the increase of voltage, the loss will increase 
rapidly. 

3.2 Loss of Liquid Dielectric 

The polarization of non-polar and weakly polar liquid media is mainly electron displacement 
polarization. The relative permittivity is independent of frequency ( r s   ), and the dielectric loss 
mainly comes from the conductance. Dielectric loss tangent:  
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The relationship between  , p, tan  and frequency ( ) of liquid medium at low frequency. 

 

 

Fig. 2 The relationship between  , p, tan  and frequency ( ) 

 

The dielectric loss of polar liquid media is related to viscosity. The polar molecules move thermally 
in the viscous medium. Under the action of the alternating electric field, the electric field torque will 
make the polar molecules rotate towards the direction of the external field. During the directional 
rotation process, the energy loss is caused by frictional heating. 

3.3 Loss of Solid Dielectric 

The non-polar organic medium only has electron displacement polarization under the action of 
external electric field, and the dielectric loss is mainly caused by the conductance of impurities. The 
conductivity is generally small, and the value of tan  is also small.  

In the polar organic medium,   does not increase with the increase of temperature, but decreases in 
the softening range, and the maximum value of tan  appears at the same time. The loss of this type 
of medium is mainly determined by the relaxation loss of the polar base, and the loss at high frequency 
is also very large, so it cannot be used as a high frequency medium. 
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4. Measurement of Dielectric Constant and Loss Tangent 

The measurement methods of relative permittivity and loss tangent of insulating materials are divided 
into two categories: bridge method and resonance method. 

The principle of the bridge method: The sample is used as a bridge arm, the impedance of the other 
three bridge arms is known, and the bridge is adjusted to achieve balance. Therefore, according to the 
equilibrium conditions, the parallel equivalent capacitance and resistance of the sample can be 
obtained, and the relative permittivity and loss tangent of the sample can be calculated. 

 

 

 Fig. 3 High-voltage Cillin bridge 
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Solve the equation: 
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The sensitivity of the high-voltage Xilin bridge is mainly determined by the sensitivity of the 
measuring voltage and balance indicator. The measurement error, that is, the relative error of the 
capacitance and the absolute error of the loss tangent, also mainly depends on the sensitivity of the 
balance indicator and the measurement voltage. 

Resonance method: When the measurement frequency is increased to kHz, the resonance method is 
widely used for the measurement of the relative permittivity and loss tangent of insulating materials. 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0024

 

178 

 

 
Fig. 4 LC resonant tank 

5. Conclusion 

We analyze the polarization of dielectrics under constant and alternating electric fields, and derive 
the effects of bound and free charges inside and outside the medium under constant electric fields. At 
the same time, the medium is classified under the alternating electric field and the calculation and 
analysis of the polarization intensity and electric field intensity are carried out. 

Based on the different types of dielectrics, we have analyzed and calculated the losses of gas, liquid 
and solid dielectrics respectively. Graphs show changing trends for influencing variables. 

For the measurement of dielectric constant and loss tangent, we first summarize the commonly used 
bridge method and resonance method, and make our improvements and optimizations at the same 
time. Limited by existing knowledge, it can only be carried out to the current extent. 

References 
[1] S. O. Morgan. Two Types of Dielectric Polarization[J]. Transactions of the Electrochemical Society, 2019, 

65(1). 

[2] Bin Quan, Xiaohui Liang, Guangbin Ji, Yan Cheng, Wei Liu,Jianna Ma, Yanan Zhang, Daoran Li, Guoyue 
Xu. Dielectric polarization in electromagnetic wave absorption: Review and perspective[J]. Journal of 
Alloys and Compounds,2017,728. 

[3] Suppression of Dielectric Loss at High Temperature in (Bi[J]. Journal of Sensor Science and Technology, 
2020, 29(1). 

[4] Technology - Dielectrics; Reports from Federal Research Centre Add New Data to Research in Dielectrics 
(Parameter of dielectric loss distribution in the new model for complex conductivity based on Havriliak-
Negami formula)[J]. Journal of Technology,2020. 

[5] Sergio L. S. Severo, Álvaro A. A. de Salles, Bruno Nervis, Braian K. Zanini. Non-resonant Permittivity 
Measurement Methods[J]. Journal of Microwaves, Optoelectronics and Electromagnetic Applications, 
2019, 16(1). 

[6] Ekaphan Swatsitang, Krissana Prompa, Thanin Putjuso. A novel strategy to improve the thermal stability 
of dielectric properties and reduce the dielectric loss tangent of Ca 1-1.5x Pr x Cu 3 Ti 4 O 12 /TiO 2 
ceramics[J]. Ceramics International,2019,45(12). 

[7] Dmitry Budnikov, Alexey Vasilev, Alexey Vasilev. Studying of the dielectric loss factor of grain by 
indirect method[J]. E3S Web of Conferences,2020,210: 


