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ABSTRACT  

High temperature superconductivity mechanism has remained an elusive concept for a long time. 

Field dependence of the properties of high temperature superconductors could be on the brink of 

solving this puzzle. This Study shows that there is a strong field dependence on the theory of 

high temperature superconductors (HTSCs). High temperature superconductors of transition 

temperature, 𝑇𝑐 > 77 K (boiling point of liquid nitrogen) were studied. This research established 

that there are effects of applied magnetic field on a two dimensional square lattice, effective 

magnetic flux per plaquette and electric field on oscillating Cooper pairs parallel to copper oxide 

planes, and their effects on the thermodynamic properties of HTSCs. Second quantization 

formalism was used in determining the thermodynamic properties of HTSCs such as the energy 

gap and transition temperature. The effect of electric field E on an oscillating Cooper pair along 

the 𝐶𝑢𝑂2plane was found to give the value of Δ = 62.5 meV. The ratio (𝛼) of flux through the 

lattice cell to one flux quantum indicates that there is no Meissner expulsion of flux as the 

applied magnetic field H increases through the lattice cell. The value of 𝑇𝑐 at which 

superconductivity disappears was found to be 177K for YBCO/BSCCO systems. The lattice 

spacing a at 300Kwas 2.3Å. The value of 𝛼 was2.28 x 10−7 when 𝐻𝑐2 = 3.0 x 106G and a = 

3Å.Studies on the effect of effective magnetic flux per plaquette Φ established that increase in 

values of Φ leads to increase in values of𝑇𝑐  and forΦ = 5.84𝐺/𝑚2, 𝑇𝑐 = 300K. 

 

 

 

 

 

 

 

 

 

 



iv 

 

 

 

TABLE OF CONTENTS 

DECLARATION…………………………………………………………………….  (i) 

DEDICATION………………………………………………………………………            (ii) 

ABSTRACT…………….……………………………………………………………. (iii) 

TABLE OF CONTENTS……………………………………………………………. (iv) 

LIST OF TABLES …………………….…………………………………………… (vii) 

LIST OF FIGURES………………………………………………………………… (viii) 

LIST OF SYMBOLS AND ABBREVIATIONS……………………………………           (ix)           

ACKNOWLEDGEMENT…………………………………………………………               (xii) 

 CHAPTER ONE: Superconductivity and Properties of  Superconductors…. 1 

1.1.   Introduction …………………………………………………………...  1 

1.2.   The Cooper Pair ……………….……………………………………… 4 

1.2.1: The Size of an Electron Pair …….……………………………… 7 

 1.3.  Field Dependence Properties of  HTSC………………………………....  8 

1.3.1: Anisotropy and Superconductivity ……………………………… 9 

1.3.2: Magnetic Field and Superconductivity ………………………….. 10 

1.3.3: Flux Quantization ………….…………………………………….. 15 

1.3.4: Coherence Length and Penetration Depth ……………………….. 16 

 1.4.  The Energy Gap…………………………………………………………. 19 

1.5.Statement of the problem…………………………………………………. 22 

1.6.  Objectives of the Study …..………………………………………………. 23 

1.6.1: General Objectives of the Study………………………….………… 23 

1.6.2: Specific Objectives of the Study………………………….………… 23 

1.7. Significance of the Research…..………………………….…………….… 24 

1.8. Justification of the Study………….……………………………….………. 25 

 CHAPTER TWO: Background and Literature Review…………………….…. 27 

2.1.   Classification of Superconductors…..…………………………………...  28 

2.1.1:  Elements ………………………………………………………… 28 

2.1.2:  Alloys …………………………………………………………… 29 

2.1.3: A15-Type Compound …………………………………………… 30 

2.1.4: Heavy Fermion Superconductors ……………………………….. 31 

2.1.5: Nitride and Chevrel Compounds………………………………… 31 

2.1.6: Magnesium Diboride Superconductors …………………………. 32 

2.1.7: Organic Superconductors ……….………………………………. 32 

2.1.8: 𝐶60 Based Superconductors ……………………………………... 33 

2.1.9: High 𝑇𝑐 Superconductors (Copper Oxides) ……………………… 33 

2.2. High temperature superconductivity ……………………………………. 34 

2.2.1: Crystal Structure of High 𝑇𝑐 Ceramic Superconductors ………… 35 

2.2.2: Perovskite Structure………………. …………………………….. 36 

2.2.3: Early Oxide Superconductors…………………………………….. 37 



v 

 

 

 

2.2.4: The Structure of 𝑌𝐵𝑎2𝐶𝑢3𝑂7−𝑥 ………………………………….. 37 

2.2.5: The Structure of  𝐿𝑎2−𝑥𝑀𝑥𝐶𝑢𝑂4 …………………………………. 39 

2.2.6: The Structure of Bi-Based Cuprate Superconductors. ……………. 40 

2.2.7: The Structure of Tl-Based Cuprate Superconductors. ……………. 41 

2.2.8: The Structure of Hg-Based Cuprate Superconductors. …………… 42 

2.2.9: Characteristics of High 𝑇𝑐 Superconductors…………..…………. 43 

2.2.10: Resemblance between HTSC and  

            Conventional Superconductors. …………………………............. 46 

2.2.11: Unusual Properties of HTSCs………………………..…………… 46 

2.3 Theories of Superconductivity ……………………………………………. 47 

2.4 Theories of Conventional Superconductors ………………………………. 47 

2.4.1: Two-Fluid Model…………….………………………….………… 48 

2.4.2: Ginzburg-Landau Theory……..………………………….………… 49 

2.4.3: Einstein’s Theory………….…..………………………….………… 49 

2.4.4: Microscopic Theory (BCS Theory) ….…………………….………. 50 

2.4.5: Other Theories from 1957 to 1986 .….…………………….………. 52 

2.5 Theories of High Temperature Superconductors ……….…………………. 52 

2.5.1: The Bipolaron Theory .…………...….…………………….………. 53 

2.5.2: The Exciton Theory .…………...….…………………….…………. 53 

2.5.3: The Spin-Bag Theory .…………...….…………………….……….. 54 

2.5.4: Van-Hove Theory .…………...….…………………….……………. 55 

2.5.5: The Resonating Valence Bond (RVB) Theory …………….………. 55 

2.5.6: Other Theories on High Temperature Superconductors …...………. 57 

CHAPTER THREE: Methodology ………………………………….…………….…. 66 

3.1.   Introduction ……………………….…..…………………………………...  66 

3.2.   The Effect of Electric and Magnetic Fields on HTSC Systems …………...  66 

3.2.1. Effect of Electric Field (E) ……….…..……………………………...  66 

3.2.2Effect of Magnetic Field (H) .…….…..……………………………...  66 

3.2.3Effect of Magnetic Flux (Φ) ……….…..……………………………...  67 

3.3.   Research Variables ..……………….…..…………………………………...  67 

3.4.   Generation of Data ………………….…..…………………………………...  67 

3.5.   Data Presentation….……………….…..…………………………………...  68 

CHAPTER FOUR: Theoretical Derivations and Calculations …………….…………….. 69 

4.1.   Introduction ……………………….…..…………………………………...  69 

4.2.   Effect of the Electric Field E on the Oscillating Cooper Pairs that  

Oscillate Parallel to the 𝐶𝑢𝑂2Planes …..…………………………………...  71 

4.3.  Effect of Applied Magnetic Field on a 2-D Square Lattice ………………...  77 

4.4.  Effect of Effective Magnetic Flux Per Plaquette …………………………...  80 

 

 



vi 

 

 

 

CHAPTER FIVE: Results and Discussions …………………………………..……….…. 85 

5.1.   Introduction ……………………….…..…………………………………...  85 

5.2.   Determination of Energy Gap of YBCO System ..………………………...  86 

5.3.  Graphical Analysis of Superconducting Parameter and Transition  

       Temperature ………………………………………………………………...  86 

5.4. Variation of 𝛼With Lattice Constant a………..…………………………...  87 

5.5. Determination of 𝑇𝑐 for BSCCO and YBCO Systems When Placed in  

       an External Magnetic Field………..………………………………………...  89 

5.6. Variation of a With 𝑇𝑐………..…………………………............................... 89 

5.7. Variation of Magnetic Flux With 𝑇𝑐 ………..………………………….........  90 

5.8. Numerical Evaluation of the Values of Magnetic Flux for Different 

 HTSC Systems  ………..…………………………...................................         91 

CHAPTER SIX: Conclusion and Recommendation ……………..……….……………. 93 

6.1.   Conclusions ……………………….…..…………………………………...  93 

6.2.   Recommendations ………………………………..………………………..  94 

References……………………………………………………………………………… 96 

Appendices …………………………………………………………………………….. 111 

Appendix I: Table of Energy Gap to transition Temperature Ratio for 

Δ= 20meV………………………………………………………………... 111 

Appendix II: Table of Energy Gap to transition Temperature Ratio for 

Δ = 62.5meV……………………………………………………….;……. 112 

Appendix III: Table of 𝛼 and Lattice Constant a …………………………………. 113 

Appendix IV: Table of Transition Temperature 𝑇𝑐 and Lattice Constant a ………. 114 

Appendix V: Table of Magnetic Flux and Transition Temperature 𝑇𝑐 …..………. 115 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

 

 

 

LIST OF TABLES 

Table 1.1 - Values of Energy Gap to 𝑇𝑐 ratio for Some HTSC Systems………….. 22 

Table 2.1 - Some A15 Superconductors…………………………………………... 30 

Table 2.2 - The Number of 𝐶𝑢𝑂2 Planes for Some Oxides……………………….. 43 

Table 5.1 -Calculated Values of Magnetic Flux for Some HTSC Systems………. 91  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 

 

 

 

LIST OF FIGURES 

Figure 1.1: Temperature Dependence of a Normal Metal and a Superconductor……….. 2 

Figure 1.2: (a) and (b): Meissner Effect………….………………………………………. 4  

Figure 1.3: Formation of a Cooper Pair………………………………………….……….. 6 

Figure 1.4: Electron-Electron Interaction…………………………………………………. 7 

Figure 1.5 (a) and (b): H-T Diagram for Type-I and Type-II Superconductors…………… 11 

Figure 1.6 (a) and (b): M-H Diagrams for Type-I and Type-II Superconductors…………. 12 

Figure 1.7: Triangular Lattice of Vortices in the Mixed State…………………………….. 14 

Figure 1.8: The Penetration of the Magnetic Field into a Superconducting Sample……… 18 

Figure 1.9: The Density of States near the Fermi-Level in a Superconductor Showing  

the EnergyGap at T=0………………………………………………………… 20 

Figure 1.1.0: The Temperature Dependence of the Energy Gap………………………….. 21 

Figure 2.1: Perovskite Structure of𝐴𝐵𝑋3 ………………………………………………… 36 

Figure 2.2: Structure of YBCO System…………………………………………………… 39 

Figure 4.1: Application of Magnetic Field H on a 2-D Square Lattice…………………… 76 

Figure 5.1: Plot of Variation of 𝜌 With 𝑇𝑐 for Δ = 20meV……………………………….. 85 

Figure 5.2: Plot of Variation of 𝜌 With 𝑇𝑐 for Δ = 62.5meV…………………………….. 85 

Figure 5.3: Plot of Variation of 𝛼 With Lattice Constant a for H = 100G………………. 87 

Figure 5.4: Plot of Variation of 𝛼 With Lattice Constant a for H = 10000G……………. 87 

Figure 5.5: Plot of Variation of 𝛼 With Lattice Constant a for H = 500000G……………. 87 

Figure 5.6: Plot of Variation of 𝛼 With Lattice Constant a for H = 3000000G…………. 87 

Figure 5.7: Plot of Variation of a With 𝑇𝑐 for H = 3000000G…………………………... 89 

Figure 5.8: Plot of Variation of Φ With 𝑇𝑐 ………………….…………………………... 90 

 

 

 

 

 

 

 

 



ix 

 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

𝑇𝑐  -Transition Temperature 

B  -Magnetic Induction 

H  - Magnetic Field 

𝜇  - Magnetic Permeability in a Medium 

T  - Temperature  

𝐻𝑐   -Critical Magnetic Field 

BCS  - Berdeen, Cooper and Schrieffer 

YBCO -Yttrium Barium Cooper Oxide 

𝐵𝑐2  - Upper Critical Magnetic Induction 

Tl2212  - Thallium based HTSC 

Bi2212  - Barium based HTSC 

𝐵𝑐1  - Lower Critical Magnetic Induction 

𝜇0  - Magnetic Permeability in Free Space (Vacuum) 

𝐻𝑐2  - Upper Critical Magnetic Field 

𝐻𝑐1  - Lower Critical Magnetic Field 

𝐶𝑒𝐶𝑢2Si - Cerium Copper Silicon 

𝑈𝐵𝑒13  - Uranium Beryllium 

𝑈𝑃𝑡3  - Uranium Platinum  

TMTSF - Tetra Methyl tetra Selena Valene 

BEDT-TTF - Bis-ethylene Dithiotetra thia ful Valene 

La2-xBaxCuO4 - Lanthanum Barium Copper Oxide 

Bi-Sr-Cu-O - Bismuth Strontium Copper Oxide 



x 

 

 

 

Tl-Ba-Ca-Cu-O - Thallium Barium Calcium Copper Oxide 

Hg-Ba-Ca-Cu-O - Mercury Barium Calcium Copper Oxide 

𝐿𝑎2−𝑥𝐶𝑒𝑥𝐶𝑢𝑂4+𝑦- Lanthanum Cerium Copper Oxide  

HTSCs - High Temperature Superconductors  

𝐶𝑢𝑂2  - Copper Oxide 

𝐿𝑖𝑇𝑖2𝑂4 - Lithium Titanium Oxide 

SrTi𝑂3−𝑥 - Strontium Titanium Oxide 

BaP𝑏1−𝑥𝐵𝑖𝑥𝑂3- Barium Lead Bismuth Oxide 

Babi𝑂3  - Barium Bismuth Oxide 

𝑌𝐵𝑎2𝐶𝑢3𝑂7−𝑥  - Yttrium Barium Copper Oxide 

Cu-O  - Copper Oxide 

𝑇𝑐s   - Transition Temperatures 

𝑁𝑑2−𝑥𝐶𝑒𝑥𝐶𝑢𝑂4- Neodymium Cerium Copper Oxide 

BSCCO - Barium Strontium Calcium Copper Oxide 

ћ =
ℎ

2𝜋
 

𝑘𝐵  - Boltzmann Constant  

𝜉  - Coherence Length  

𝜅=
𝜆

𝜉
  - Ginzburg-Landau parameter   

Δ  - Energy gap 

𝜆  - Penetration Depth 

𝜉𝑎𝑏  - Coherence length in ab Plane 

𝜉𝑐  - Coherence length along c-axis 

𝛷0  - Flux Quantum 



xi 

 

 

 

𝑘𝑒𝑙   - Electronic Heat Transport 

𝑘𝑙𝑎𝑡  - Lattice Heat Transport 

Δ(0)  - Energy Gap at T=0 

𝑚𝑐  - Effective Mass in c-axis 

𝑚𝑎𝑏  - Effective Mass in ab Plane 

𝛾𝑎  - Anisotropy Parameter 

𝜆𝑎𝑏  - Penetration Depth in ab Plane 

𝜆𝑐  - Penetration Depth in c-axis  

𝐻𝑐1  - Lower Critical Magnetic Field 

Hc(T)  - Critical Magnetic Field at Any Temperature 

𝐻𝑐(O)  - Critical Magnetic Field at T=0 

𝐹𝑛  - Free Energy in Normal State 

𝐹𝑠  - Free Energy in Normal State 

𝑣𝑠𝑜  - Super Fluid Velocity 

𝜉𝑜  - Size of Cooper Pair or Intrinsic Coherence Length 

𝜆(T)  - Penetration Depth at any Temperature T 

𝜆(0)  - Penetration Depth at T=0 

𝐻0  - Ground State Hamiltonian  

𝐻𝑖  - Hamiltonian for an i-th Interacting Cooper pair. 

H  - Total Hamiltonian for N Interacting Cooper Pairs. 

𝑏†  - Creation Operator for Cooper Pairs 

𝑏  - Annihilation Operator for Cooper Pairs.   

 



xii 

 

 

 

ACKNOWLEDGEMENT 

I wish to express my profound and sincere appreciation to Professor K.M. Khanna and Prof. J. K. 

Tonui under whose supervision I completed this Thesis, for their assistance in preparation and 

completion of this thesis. Their great insight and willingness made the entire research exercise a 

success. Their critique eye and enlightened mentoring was inspiring to me. 

 

  My special thanks go to my classmates, Rapando and Otieno for their encouragement and 

support. 

I wish to thank my Dad Jamin and Mum Judith for their encouragement. My dad once said that 

an educated person looks like the last stage of metamorphosis “He flies away” These words have 

kept me going. Aggrey Achimota will not be forgotten for typing this thesis.  

 

 

 

       

 


