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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. 



As SRRs are usually fabricated using conductors on di­
electric substrates, they are very much prone to changes 
in the environmental conditions especially the temperature. 
Varadan et. al. had done a study on shift in the resonant 
frequency of SRR in terms of the temperature dependence 
of the metallic structure, substrate permittivity and electrical 
conductivity [10]. It is reported that the resonant frequency 
variation is primarily affected by the change of permiuivity of 
the substrate. 

Here we use an extraction procedure from the calibration 
curve of known dielectric samples and resonant frequencies 
corresponding to them. The detailed measurement technique 
to measure the permittivity of dielectric sampies at different 
temperatures is explained in our former work [11]. This 
method is much easier and efficient than other existing meth­
ods especially at low temperature regions. 

11. EXPERIMENTS AND MEASUREMENTS 

SRR used for the measurement is fabricated on a glass 
epoxy board (Er = 3.7) using photochemical etching method. 
Dimensions of the SRR are r = 2 mm, d = 0.5 mm and c = 
0.75 mm. A single SRR unit is used as a test probe wh ich 
is placed between transmitting and receiving probes. These 
coaxial probes are connected to a Vector Network Analyzer 
(VNA). Resonant frequency of SRR at room temperature ( 29 
0c) is found to be 3.469 GHz (frO)' The only constraint for 
selecting the sampie is that, its thickness should be at least 
equal to c+dl2 [11]. 

DIEL.ECIRIC SAi\IPLE 

Fig. 2. Schematic diagram of the experimental setup with sampIe placed on 
the SRR fabricated on a substrate. 

A. calibration curve 

The calibration curve has been drawn between resonant 
frequency of SRR and relative permittivity of sampies. For this 
we have selected four sampies - glass, glass epoxy board, per­
spex and plastic. They are then placed on the surface of SRR 
(Fig. 2) and their resonant frequencies in GHz obtained are 
2.48,2.8797,3.0398 and 3.1199 respectively. From the cavity 
perturbation method [12] we obtained the dielectric constants 

of these samples as 6.07 , 3.58, 2.45 and 2.1 respectively. Fig. 
3 is the calibration curve thus obtained. It is observed that 
resonant frequency decreases as the dielectric constant of the 
material increases. Relative permittivity of any unknown test 
sample in dose contact with the surface of the SRR can be 
extracted from this calibration curve if corresponding resonant 
frequency of SRR - sampIe system lies on the curve. 
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Fig. 3. Calibration curve between the resonant frequency and the relative 
permittivity of four standard sampIes. 

B. Temperature dependence of SRR 

When we measure the resonant frequency of SRR with 
sampie placed on its surface and temperature is increased from 
the room temperature, the SRR also heats up with the whole 
system wh ich also changes the resonant frequency. Hence 
to obtain accurate value of resonant frequency due to the 
increasing temperature of the wax sampie a correction must 
be applied to the measured resonant frequency. For this the 
resonant frequency of SRR alone is measured at different 
temperatures and the values are represented as ftO and are 
given in Table I. 

TAßLE I 
R ESONANT FREQUENCY OF SRR AT CORRESPONDING TEMPERATURES 

Temperature(°C) ftO (GHz) 

30 3.4578 

35 3.4333 

40 3.4184 

45 3.4039 

50 3.3898 

55 3.37\0 

60 3.3518 

C. Study of temperature dependence of wax sampies 

To study the temperature dependence of dielectric constants 
we have selected three sampIes of waxes viz. bees wax, paraffin 
wax and bran wax. The temperature of the test sample placed 
over the SRR is gradually increased using a heated metal sheet 
placed near the SRR - sampie setup. An ordinary thermometer 



is used for the temperature measurements. Then different test 
samples are placed on the SRR and corresponding resonant 
frequencies are measured and are represented as itl. Transmis­
sion curves at different temperatures for paraffin wax placed 
over SRR is given in Fig. 4. From the figure we can see that as 
the temperature increases resonant frequecny decreases. The 
shift in resonant frequency (fro - itü) for each temperature 
is calculated as a correction factor and subtracted it from itl. 
The obtained resonant frequency i is the corrected resonant 
frequency. 
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Fig. 4. Transmission curves of SRR at temperatures 35°C. 40°C, 45°C and 
50°C with paraffin wax placed over it. 
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Fig. 5. Relative permittivty variation with temperature for bran wax, paraffin 
wax and bees wax sampIes 

The permittivity values corresponding to each of the reso­
nant frequencies (f) is found out from the calibration curve. 
The values of resonant frequencies and relative permittivity 
values are given in the Table 11. Fig. 5 shows the variation of 
relative permiuivity of the three wax samples with increasing 
temperature. 

111. RESULTS AND DISCUSSION 

Fig. 4 shows that the resonant frequency of SRR decreases 
as the temperature of the sample in contact with it increases. 

TABLE II 
R ESONANT FREQUENCY A ND RELATIVE PERMITTIVITY OF WAX SAMP LES 

CORRESPONDING TO DIFFERENT TEMPERATURES 

SampIe Temperature In I = In - Relative 
CC) (GHz) (frQ - l tü ) permittiv-

(GHz) ity from 
the graph 
(Er) 

30 3.044 3.032 2.5298 

35 2.989 2.953 2.9737 

40 2.960 2.908 3.3361 

Bran Wax 45 2.950 2.884 3.5582 

50 2.939 2.859 3.6840 

55 2.919 2.821 4.0166 

60 2.889 2.771 4.3496 

30 3.090 3.077 2.2785 

35 3.070 3.033 2.4708 

40 3.06 3.008 2.5859 

Paraffin Wax 45 3.05 2.984 2.7444 

50 3.03 2.949 2.9886 

55 3.03 2.931 3.1218 

60 3.03 2.911 3.3410 

30 3.168 3.156 1.8321 

35 3.160 3.124 2.0864 

40 3.146 3.094 2.2192 

Bees Wax 45 3.131 3.065 2.3229 

50 3.100 3.019 2.5447 

55 3.099 3.000 2.6779 

60 3.087 2.968 2.8628 

This is due to an increase in relative perrnittivity with increase 
in temperature. By analysing Fig. 5 and Table 11 we can 
conclude that the relative permittivity varies linearly with 
temperature for wax samples. The variation for paraffin and 
bees waxes are observed to be showing similar characteristics. 
For an increase of 30°C in temperaure, the bran wax showed 
a larger increase in relative permiuivity (l.8198). For the same 
increase in temperature, bees wax and paraffin wax showed an 
increase by l.0307 and l.0625 respectively. 

IV. CONCLUSION 

We have analysed the temperature dependence of relative 
permiuivities of three wax samples - bees wax, bran wax and 
paraffin wax - using SRR method. The technique employed 
resonant frequency measurement using a single metamaterial 
SRR structure as a test probe. SampIe taken are of sizes 
comparable to the size of the SRR. The method has many 
advantages over existing techniques like simple and compact 
experimental setup, direct measurement technique and ease of 
sample preparation. The measurement does not involve any 
detailed calculations. The measurement method is intended to 
be improved by using more precise temperature measurement 
setup and heating techniques in future. 



R EFERENCES 

[1] E. Li, Z.-P. Nie, G. Guo, Q. Zhang, Z. Li, and F. He, "Broadband 
measurements of dielectric properties of low-Ioss materials at high tem­
peratures using circular cavity method," Progress In Electromagnetics 
Research, vol. 92, pp. 103- 120, 2009. 

[2] D. L. Gershon, J. Calame, Y. Carmel, T. Antonsen, and R. M. Hutcheon, 
"Open-ended coaxial probe for high-temperature and broad-band di­
electric measurements," IEEE transactions on microwave theory and 
techniques, vol. 47, no. 9, pp. 1640-1648, 1999. 

[3] L.-F. Chen, C. Ong, C. Neo, V. Varadan, and V. K. Varadan, Microwave 
electronics: measurement and materials characterization. John Wiley 
& Sons, 2004. 

[4] E. Havinga, "The temperature dependence of dielectric constants," 
Journal of Physics and Chemistry of Solids, vol. 18, no. 2, pp. 253-
255, 1961. 

[5] S. Srjvastava, D. Ptiei, and P. Mbhendeu, "Temperature dependenee 
of dielectric loss of shellac in microwave region," Proceedings of the 
National Institute of Sciences of India: Physical sciences, vol. 23, p. 
289, 1957. 

[6] M. L. Prava and A. Ahmed, "Study on dielectric behaviour of waxes in 
p-band region," Journal of Chemical, Biological and Physical Sciences 
(JCBPS), vol. 3, no. 4, p. 2907, 2013. 

[7] S.-Y. Chiam, R. Singh, W. Zhang, and A. A. Bettiol, "Controlling 
metamaterial resonanees via dieleetrie and aspeet ratio effeets," Applied 
Physics Letters, vol. 97, p. 191906,2010. 

[8] E. Ekmekci and G. Turhan-Sayan, "Comparative investigation of reso­
nanee charaeteristies and eleetrieal size of the double-sided srr, be-srr 
and conventional srr type metamaterials for varying substrate param­
eters," Progress In Electromagnetics Research B, vol. 12, pp. 35-62, 
2009. 

[9] J. B. Pendry, A. 1. Holden, D. Robbins, and W. Stewart, "Magnetism 
from eonduetors and enhaneed nonlinear phenomena," Microwave The­
ory and Techniques, IEEE Transactions on, vol. 47, no. 11 , pp. 2075-
2084, 1999. 

[10] V. V. Varadan and L. Ji, "Temperature dependenee of resonanees in 
metamaterials," Microwave Theory and Techniques, IEEE Transactions 
on, vol. 58, no. 10, pp. 2673-2681 , 2010. 

[11] S. P. Chakyar, J. Andrews, and V. P. Joseph, "Temperature dependenee 
of relative permittivity: A measurement technique using split ring 
resonators," World Academy of Science, Engineering and Technology, 
International Journal of Mechanical, Aerospace, Industrial, Mechatronic 
and Manufacturing Engineering, vol. 10, no. 6, pp. 1030- 1033, 2016. 

[12] K. T. Mathew, Perturbation Theory. John Wiley Sons, Ine., 2005. 
[Online]. Available: http://dx.doi .orgllO.1002/0471654507.eme309 


