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Abstract-Dielectric constant variation with temperature for 
different wax sampies is analysed with the help of split ring 
resonators (SRRs). The method employs a simple extraction 
procedure to obtain the unknown permittivity values from a 
calibration curve drawn between relative permittivity of standard 
sam pies and resonant frequency of SRR with each of the sampies 
placed above it. The wax sam pie is placed on the SRR surface 
and its transmission characteristics are analysed using a vector 
network analyser (VNA) with its transmitting and receiving 
probes placed on either side of the SRR - sam pie system. The 
temperature is gradually increased from room temperature to 
60°C with the help of a hot metal plate placed near the 
SRR. The dielectric constant of wax sampie in contact with 
the SRR surface varies with the temperature, which in turn 
changes the capacitance of the SRR, resulting in a shirt in its 
resonant frequency. The method has its advantages like simple 
experimental setup, direct measurement and ease of sam pie 
preparation. 

I. INTRODUCTION 

Several industrial and household applications like lubricants, 
cosmetics, candles etc. utilizes the diverse properties of waxes. 
Like all dielectrics, structural and electrical properties of 
waxes are dependent upon temperature. There are several 
techniques existing for measurement of relative permittivity of 
dielectric sampIes at higher temperatures. Some of them are 
circular cavity method, open ended coaxial probe method and 
circular waveguide method. A broadband microwave system 
is presented by Li ef. al., that measure dielectric properties of 
low-loss materials at high temperatures using circular cavity 
method [1]. An open ended coaxial probe method for glass 
ceramic and porous alumina are done by Gershon ef. al [2] . 

Measurement techniques using coaxial lines, wave guides and 
cavity perturbations are explained in the literature [3]. Many of 
these methods demand bulky experimental setup and detailed 
ca1culations. 

Factors contributing to the temperature dependence of di
electric constants of materials are analysed by E. Havinga 
using some alkali halides and BaTi03 as sampies [4]. Analysis 
of variations in dielectric constant with temperature of the 
material shellac is done by Srivastava ef. aI. [5]. A study on 
electric properties such as dielectric constant and dielectric 
loss is conducted in the p-band microwave frequencies for the 
solid sampies of bees wax, paraffin wax and microcrystalline 
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wax using Von Hippel method at room temperatures [6]. The 
analysis in the above referred work is done for wax sampIes 
after heat treatment also. But a detailed study on permittivity 
variation of wax sampies under continuous variation of tem
perature is not found in the literature. In this paper we present 
the study of temperature dependence of dielectric constant of 
three wax sampIes (bees wax, bran wax and paraffin wax) by 
using split ring resonator (SRR). 

Fig. 1. Schematic representation of the Split Ring Resonator (SRR) with its 
structural parameters - inner radius (r), ring width (c) and spacing (d) 

SRRs are artificial constituent molecules of metamaterials 
showing negative permeability and having a LC resonant 
nature. The sensitive nature of the resonant frequency of SRR 
arising due to small changes in the permittivity of the medium 
in contact with it is studied in some of the previous works [7]
[9]. When a dielectric sampIe is placed on the surface of SRR 
the resonant frequency gets redshif'ted due to an increase in 
the capacitance of the resonator. Fig. 1 shows the structural 
representation of SRR with its structural parameters - inner 
radius (r), ring width (e) and spacing (d) and the resonant 
frequency is given by 

f = 1 
27rJLC(Er ) 

(1) 

where L is the inductance and C is the capacitance of the 
resonator which is a function of relative permittivity (Er ) of 
the sampie. 


