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  CHAPTER 1 

INTRODUCTION  

 

1.1 A Brief History of Superconductor 

 

The discovery of superconductivity is widely regarded as one of the enormous 

scientific findings in the 20th century. This unique property causes certain material to 

flow current without resistance at low temperatures and enables a wide range of 

innovative technology applications. In 1911, Heike Kamerlingh Onnes, a Dutch 

physicist of Leiden University was managed to liquefy helium. Soon after that, he 

discovered mercury, Hg showed a dramatic drop in resistance to zero by cooling it with 

liquid helium down to 4.2 K (Figure 1.1). That was the first superconducting element 

found (Cyrot and Pavuna, 1992). Following this phenomenon, a number of 

superconductors were discovered for examples Aluminum (Al), Lead (Ld), Niobium 

(Nb), Niobium-Titanium (NbTi) and several alloys. These superconductors are known 

as conventional superconductor which superconduct at very low temperatures (Roslan, 

2004). In the 1960s, NbTi has been chosen for commercial superconducting.   

 

Figure 1.1. Zero resistance of Hg at 4.2 K as reported by H. K. Onnes in 1911 

(Kittel, 2005) 

 

Soon after the discovery of zero resistance in mercury, it has led to an intensive 

research on finding new superconductors. Figure 1.2 shows the timeline of 

superconductors with critical transition temperature, Tc according to the year of 

discovery. 
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II)  No magnetic inductance (Binside = 0)  

 

Another unique property of superconductors is the absence of magnetic inductance. 

The magnetic inductance becomes zero inside a superconductor when it is cooled 

below Tc under a weak external magnetic field. This is also known as Meissner effect 

where magnetic flux will be excluded from inside of the superconductors as shown in 

Figure 1.4. Superconductivity will be destroyed if an applied magnetic field is larger 

than thermodynamic critical field, Bc in superconductors. 

 

 

Figure 1.4.  Expulsion of magnetic flux from the inside of a superconductor at 

temperature below Tc 

 

1.3 Applications of Superconductors 

 

The two unique properties of superconductors, namely zero resistivity and perfect 

diamagnetism have a major impact on the performance of many electronic devices. The 

miraculous property of superconductors which allows resistanceless flow of current at 

low temperature has led to a wide range of innovative technology application. The 

advancement of superconductors as the materials of the future is promising. Indeed, most 

of the applications as follow would not be viable without superconducting technology. 

Examples of the applications of superconductors are magnetically levitated trains 

(Maglev), magnetic resonance imaging (MRI), transformers, superconducting energy 

storage devices (SMES) and fault current limiter. 

 

1.3.1 Magnetically Levitated Trains (Maglev) 

 

The magnetically levitation transport system is considered as one of the most 

promising applications of superconductors. Maglev utilizes superconducting magnets 

as their guideway or track, offering a way for trains to float to their destination. By that, 

it can eliminate the friction between the static track allowing trains to travel at ultra-

high speed at 400 Km/hr (Roslan, 2004). Superconductor magnets are essential in this 

application due to their lightweight and lower power requirements. Conventional 

electromagnets have high energy dissipation in the form of heat and physically much 

larger as compared to superconducting magnet. In present, maglev trains are operating 

in country like Japan, Germany and China. 
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1.6 Scope of the Research 

This work is about the study of structural, magnetic and dielectric properties of the 

polycrystalline bulk FeTe1-xMx (M = Se, S) with the x ranging from 0.0 to 0.5 and 0.0 to 

0.3, for Se and S substitution, respectively. The polycrystalline samples of FeTe1-xSex 

and FeTe1-xSx were prepared by solid state reaction which is one of the most common 

methods in synthesizing various kinds of ceramics. The sintering of both the samples 

was done by sealing them inside stainless steel tube with both ends clamped in argon 

gas flow. Structural properties of the samples were checked by x-ray diffraction 

(XRD), scanning electron microscope (SEM) and energy-dispersive x-ray spectroscopy 

(EDX). Temperature dependence of magnetic moment was measured using the 

magnetic property measurement system (MPMS, Quantum Design) at the temperature 

range 2 - 300 K with an applied field of 10 Oe. No resistivity measurement was 

undertaken because of the low superconducting transition temperature, Tc (~ 9 - 15 K) 

of the samples below the cooling limit of the existing four point probe system (20 - 300 

K) available at the Department of Physics, Faculty of Science, Universiti Putra 

Malaysia. The magnetization versus field of the samples was investigated using a 

vibrating sample magnetometer (VSM) at room temperature in the applied magnetic 

field ranges 0 kG - 10 kG. The dielectric properties were measured using an ac 

impedance analyzer at room temperature. Finally, the experimental data were analysed 

and discussed. 

 

1.7 Thesis Outline 

This thesis is consists of 6 chapters. Chapter 1 begins with a brief history of 

superconductivity and related applications. In addition, problem statement, research 

objective and research scope are also given here. Chapter 2 is a brief introduction of 

iron-based superconductors, FeSe, FeTe and FeS. Extensive literature review on FeTe1-

xSex and FeTe1-xSx superconductor are given in this chapter. Chapter 3 covers the 

fundamental phenomena of superconductivity and introduction to dielectric. The 

Meissner effect, types of superconductors and BCS theory are discussed. The dielectric 

properties and dielectric polarization are also explained in this chapter. Chapter 4 

explains the experimental details throughout the project. The details of the 

characterization techniques and data collections are given here. Chapter 5 presents the 

overall experimental results obtained in this work with detailed discussion. Last but not 

least, this thesis is concluded in Chapter 6 together with recommendation for future 

work. 
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