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ABSTRACT 
 

The doped copper superconductors contain holes at a fraction of the oxygen 
sites in the copper-oxygen plane. The copper spins interact with the oxygen 
holes through the magnetic field which the motion of the holes produces at the 
neighboring copper sites. Integration over the degrees of freedom 
corresponding to the oxygen holes results in an effective magnetic interaction 
between the copper spins. Our calculation offers a basis for understanding the 
decrease of the spin wave stiffness of copper oxides with increased doping. 
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INTRODUCTION 
The mechanism of high temperature superconductivity in copper oxides e.g. 
Y1Ba2Cu3O6+x and La2-xMxCuO4 (where M is Ba, Sr or Ca and x is the fraction of 
doping between 0 and 1 still remains an open question [1]. However a number of 
important features have emerged. There appears to be consensus that 
superconductivity is confined to the CuO planes. The copper ions in these planes are 
in the valence state Cu++, and the oxygen ions in the limit x = 0 are in the state O- -. As 
the doping fraction x is increased the valence state and the magnetic moment of the 
copper ions does not appear to change [2, 3].Increased doping causes an electron 
deficiency in the system resulting in some oxygen ions to exist in the O- state, i.e. 
some oxygen ions have holes in the doped state in comparison to the reference state 
corresponding to zero doping. At zero as well as low doping the system is an 
insulator. In the doped state the charge carriers are oxygen holes. The motion of the 
holes involves the reversible transitions  
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 O- - + h → O-                                                                     (1) 
 
 When these transitions occur at the same site we may think of it as a charge 
oscillation occurring at the same site. When transitions involve two different sites we 
may think of it as charge hopping between different sites. We shall confine ourselves 
to the doping limit where  charge oscillation has been observed. Charge oscillation at 
the oxygen sites is also supported by µsr [4] experiments which show the signature of 
a dipolar magnetic field of electronic origin. In this paper we show that the magnetic 
field produced produces the stripe phase of superconductors (or spins which are 
alternately in opposite orientation. Further the coherent charge oscillations at the 
oxygen sites results in coherent radiation (in ThZ region) The calculated profile of 
this radiation agrees very well experimentally observed results [5]. 
 
 
2. Stripe Phase 
Our model is illustrated in figure 1. Localized charge oscillations take place at the 
oxygen ions. These oscillations may be written as 

 0 sin( )zp p p wt   (2) 
 
 The vector potential corresponding to this charge oscillation is [8] 
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Figure . 1 
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 The charges localized on the Oxygen ions undergo coherent oscillations along the 
z axis. These coherent oscillations give rise to the  striped phase of High Tc super 
conductors and coherent radiation in the Tera Hertz region 
 We first note that the charge oscillations at the Oxygen sites are coherent. All the 
Oxygen sites will contribute the vector potential at a Copper site. The cosine term is 
replaced by 
 [cos( ( / )) cos( ( / ) ) cos( ( / ) 2 ) ... cos( ( / ) ( 1) )R A w t r c w t r c w t r c w t r c n               
 [cos( ( / )) cos( ( / ) ) cos( ( / ) 2 ) ... cos( ( / ) ( 1) )R A w t r c w t r c w t r c w t r c n                  (4) 
 
where  is the phase difference between one oscillator and the adjacent one. 
Performing the summation and substituting in (2) we obtain 
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 The vector potential is zero when  
 2 , 1,2,3,4..nn

    (6) 

 
 The vector potential is a maximum when 
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    (7) 

 
 The holes on Cu ions align themselves with the magnetic field when (6) is 
satisfied. In other words this is the condition for the occurrence of stripes in High Tc 
superconductors. Further the occurrence of the stripe phase is confirmation of the 
assumption made here that the charge oscillations are coherent.  
 
 
3. Coherent Radiation from charge oscillations 
Since the charge oscillations on the CuO plane are coherent, it stands to reason that 
the radiation from these oscillations will also be coherent. The time period of 
oscillations is in the range of pico seconds (the oscillation frequency is in the terahertz 
region). The power radiated by the  oscillating charge is proportional to 
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 Since charge oscillations are coherent each oxygen ion contributes to the radiated 
power with a differing phase as in (7). After taking into account the different 
contributions and squaring them we get 
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 The radiated power is maximum when
2


    i.e. parallel to the CuO planes. 

Further the emitted coherent  beam  has both maxima, at positions given by (7) and 
minima given by (6). This profile has been confirmed experimentally [10]. 
 
 
IV. The RVB State 
Anderson [14] has demonstrated that the RVB state is a natural ground state of the 
High Temperature Superconductors. However the mechanism via which RVB state is 
formed is still a subject of intense debate. The RVB are typically states singlets or 
plaquettes with no net magnetic moment. We know from section II that in striped 
superconductors adjacent spins are oppositely oriented. Further, in High Tc Solitons 
with spin are known to exist [11]. It has recently found that the superconducting state 
in high temperature superconductors is a superfluid state. The superconducting state, 
for high temperature superconductors displays zero viscosity. Goddard and Tahir-
Kheli [15] have suggested that plaquettes are the natural ground states of high Tc 
superconductors. This agrees with our energy calculations.  We note that double well 
potentials have been found in Cuprate superconductors with the minima at the 
Oxygen sites [16]. In a double well potential well the height of the potential well is 

given by 
2

4
A
B

 [13]. K. H. Johnson, D. P. Clogherty and M. E. Mchenry [12] have 

found that delocalized Oxygen pπ bonds form shallow double wells. Electrons are 
trapped in these shallow double wells by the magnetic field generated by the charge 

oscillations.  For 4 trapped electrons the trapping energy becomes 
2A

B
 . Since the 

Oxygen pπ bonds are delocalized the plaquette moves about in the lattice. The onset 
of superconductivity may be estimated from  
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 Here the height of a shallow double well is of the order of 310 ev. Since  510Bk 
ev/T,Tc ~102 as observed. 
 
 
IV. Conclusion 
Based on the experimental results of charge oscillations in Cuprate superconductors, 
we have developed a model of coherent charge oscillations. These coherent charge 
oscillations result in the stripe phase and produce tera hertz radiation. Further, we 
suggest that electrons trapped in the shallow delocalized double well shaped pπ bonds 
form plaquettes which is the ground state of the high Tc superconductors. 
 
 



Charge Oscillations in Copper Oxide Superconductors 107 
 

 

References 
 

[1] Proceedings of the International Conference on Materials and Mechanisms of 
Superconductivity, Physica C, Volumes 185-189, 1991 

[2] E. B. Stechel and D. R. Jennison, Phys. Rev. B, 38, 4632 (1988) 
[3] J. M. Tarquada et. Al. Phys. Rev. B, 36, 5263 (1987). 
[4] E. J. Ansaldo et. Al., Physica C 147, 162-164 (1989) 
[5] Christof Niedermayer et. Al., Physica C, 159, 162-164 (1989) 
[6] J. Rossat-Mignod et. Al., Physica C, 185, 86 (1991). 
[7] J. R. Schrieffer, X. G. Wen and S. C. Zhang, Phys. Rev. B 39, 11633 (1989); 

Phys. Rev. Lett., 60, 944 (1988). 
[8] Feynman Lectures in Physics Vol I, II, III. 
[9] ESR studies of high critical-temperature superconductors. Absorption at low 

magnetic fields Ruth Jones, Robert Janes, Robert Armstrong, Kaushal K. 
Singh, Peter P. Edwards, David J. Keeble and Martin R. Harrison , J. Chem. 
Soc., Faraday Trans., 1990,86, 683-689. 

[10] Emission of coherent THz radiation from superconductors., Ozyuzer L, 
Koshelev AE, Kurter C, Gopalsami N, Li Q, Tachiki M, Kadowaki K, 
Yamamoto T, Minami H, Yamaguchi H, Tachiki T, Gray KE, Kwok WK, 
Welp U, Science.318(5854):1291-3, (2007). 

[11] Terahertz emission and detection both based on high-Tc superconductors: 
Towards an integrated receiver, D. Y. An1,2, J. Yuan2, N. Kinev3, M. Y. Li1,2, 
Y. Huang1, M. Ji1, H. Zhang1, Z. L. Sun1, L. Kang1, B. B. Jin1, J. Chen1, J. Li2, 
B. Gross4, A. Ishii2, K. Hirata2, T. Hatano2, V. P. Koshelets3, D. Koelle4, R. 
Kleiner4, H. B. Wang1,2, W. W. Xu1, and P. H. Wu1  , Appl. Phys. Lett. 102, 
092601 (2013); 

[12] K. H. Johnson, D. P. Clougherty and M. E. McHenry, Modern Physics Letters 
B 3, 1367-1374 (1989). 

[13] J. A. Krumhansl and J. R. Schrieffer Physical Review B 11, 3535-3543 (1975). 
[14] P. W. Anderson, Science 235, 1196-1198 (1987). 
[15] Jamil Tahir-Kheli and W. A. Goddard III, J. Phys. Chem. Lett. vol 2, 2326-

2330 (2011). 
[16] A. Rakitin and M. Kobayashi Physical Review B, 53, 3088-3094 (1996). 
 
 
 
 
 
 
 
 
 
 
 
 



108  Tapas Kumar Sinha and Merline Sebastian 
 

 

About the Authors 
 
Dr. Tapas Kumar Sinha., the  author obtained his Ph.D in Neural Networks in 1995 
from North Eastern Hill University, Shillong, India. He is currently Associate 
Professor (Computer Science) at North Eastern Hill University. His major field of 
interest is applications of Non Linear Dynamics. Currently he is working on 
applications of Non Linear Dynamics to refractive photonic media, development of 
non linear optical filters and massively parallel optical computers using such media. 
Dr. Sinha has worked extensively as a Software Consultant for most major companies 
(IBM, Mead Paper, Reynolds Tobacco, ITT) in the U.S. Currently he is guiding three 
students for Ph.D.(phone:+91 9863095051;email:tkshina001@gmail.com) 
 
Merline Sebastian the coauthor is working in Union Christian College, Barapani, 
Shillong as Associate Professor in the department of Physics. Currently she is doing 
her Research under Dr. Tapas Kumar Sinha of NEHU Shillong. 
 


