
International Journal of Engineering & Scientific Research 

Vol.13 Issue 12, December  2025  

ISSN: 2347-6532 Impact Factor: 8.076 

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                                               
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

33 International Journal of Engineering and Scientic Research 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

Josephson Plasma Resonance (JPR) and Electrodynamic Response 
 

Dr. Vikash Kumar  

Department of Physics  

Magadh University Bodh-Gaya (Bihar) 

 

Abstract  

Josephson Plasma Resonance (JPR) is a fundamental collective excitation in layered 

superconductors arising from interlayer Josephson coupling. It reflects the oscillatory 

dynamics of the superconducting phase difference between adjacent superconducting planes 

and provides a direct probe of the electrodynamic response along the c-axis. In highly 

anisotropic cuprate and organic superconductors, JPR manifests in the sub-terahertz to 

terahertz frequency range and is strongly sensitive to temperature, magnetic field, charge 

carrier density, and disorder. This makes it a powerful spectroscopic tool for investigating 

superconducting coherence, phase stiffness, and interlayer tunneling mechanisms. 

In this work, the theoretical framework of Josephson Plasma Resonance is reviewed within the 

context of London and Josephson electrodynamics, emphasizing its relationship with dielectric 

function, penetration depth, and superfluid density. The influence of external magnetic fields, 

vortex dynamics, and quasiparticle dissipation on the resonance frequency and linewidth is 

discussed. Experimental observation techniques, including infrared reflectivity, microwave 

spectroscopy, and terahertz time-domain measurements, are also outlined. The electrodynamic 

response associated with JPR not only deepens understanding of high-temperature 

superconductivity but also enables potential applications in tunable terahertz devices and 

superconducting metamaterials. Overall, JPR serves as a key link between microscopic 

superconducting properties and macroscopic electromagnetic behavior in low-dimensional 

superconductors. 

Introduction: Josephson Plasma Resonance and Electrodynamic Response 

Layered superconductors, particularly high-temperature cuprate superconductors and organic 

superconductors, exhibit pronounced anisotropy in their electrical and electrodynamic 

properties. This anisotropy arises from their crystal structure, which consists of 

superconducting layers weakly coupled through insulating or semiconducting barriers. Charge 

transport within the layers (ab-plane) is metallic, while interlayer transport along the 

crystallographic c-axis is dominated by Josephson tunneling. A direct and powerful 

manifestation of this coupling is the Josephson Plasma Resonance (JPR), a collective mode 

corresponding to oscillations of the superconducting phase difference between adjacent layers 

under an applied electromagnetic field. 

Josephson Plasma Resonance plays a central role in understanding the electrodynamic response 

of layered superconductors, as it probes the strength of interlayer phase coherence and 

superfluid density. Unlike conventional plasma oscillations in normal metals, JPR originates 

from Cooper pair tunneling and therefore exists only in the superconducting state. The 

resonance frequency typically falls in the microwave to terahertz regime, making JPR a natural 

bridge between condensed matter physics and applied terahertz science¹. 
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Theoretical Background 

In the simplest Lawrence – Doniach Model, a layered superconductor is described as a stack 

of superconducting planes coupled by Josephson junctions 2. The superconducting phase 

difference ∅𝑛 between layers 𝑛  𝑎𝑛𝑑  𝑛 + 1 obesy the Josephson relations  

                                                       𝐽𝑐 = 𝐽0𝑠𝑖𝑛∅𝑛,                                                    (1) 

                                                        
𝜕∅𝑛

∅𝑡
=

2𝑒

ℎ
𝑉𝑛,                                                        (2) 

Where 𝐽𝑐 is he Josephson current density, 𝐽0 is the critical current density, and 𝑉𝑛 is the 

interlayer voltage. Linearizing for small phase oscillations (∅𝑛 ≪ 1), one obtains a harmonic 

plasma mode whose frequency is the Josephson plasma frequency 

                                                  𝝎𝑱𝑷 = √
𝟐𝒆𝑱𝟎

𝒉𝑪
,                                                             

(3) 

where C is the junction capacitance per unit area. Expressed in electrodynamics terms, the 

plasma frequency can also be written as  

                                                      𝜔𝐽𝑃 =
𝑐

√𝜀𝑐𝜆𝑐
,                                                           

(4) 

where 𝜆𝑐 is the magnetic penetration depth along the c-axis and 𝜀𝑐 is the high-frequency 

dielectric constant. Equation (4) highlights the intimate link between JPR ↓ superconducting 

phase stiffness.  

Electrodynamic Response  

The electrodynamic response of a layered superconductor along the c-axis is described by a 

frequency-dependent dielectric function   

                                                           𝜺𝒄(𝝎) = 𝜺∞ (𝟏 −
𝝎𝟐𝑱𝑷

𝝎𝟐 ),                           (5) 

Where 𝜺∞ is the background dielectric constant. At 𝝎 = 𝝎𝑱𝑷, the real part of the dielectric 

function vanishes, leading to a resonance is reflectivity and absorption spectra. This condition 

defines the experimentally observed Josephson Plasma Resonance.  

Unlike conventional phonon or charge –density excitations, JPR is extremely sensitive to 

temperature and magnetic field. As temperature approaches the superconducting transition 

temperature 𝑇𝑐 , the superfluid density decreases, resulting in a softening of 𝜔𝐽𝑃. 

Experimentally, this behavior follows.  

                                                                 𝜔𝐽𝑃(𝑇) ∝ √𝑛𝑠(𝑇),                                           
(6) 
where 𝑛𝑠 (𝑇) is the temperature-dependent superfluid density 3 
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Experimental Data and Trends 

Typical JPR frequencies very widely among layered superconductors. For example, in 

optimally doped 𝐵𝑖2𝑆𝑟2 𝐶𝑎𝐶𝑢2𝑂8 + 𝛿 (𝐵𝑖 − 2212), reported JPR frequencies range from 0.2-

1.0 THz at low temperatures4. In underdoped samples, the frequency shifts downward to tens 

of GHz, reflecting weaker interlayer coupling.  

Material                 𝑻𝒆(𝑲)  𝝎𝑱𝑷 (𝑳𝒐𝒘 𝑻)  Technique  

Bi-2212 (Optimally doped)               ~90  0.3-1.0 THz  THz – TDS 

YB𝑎2𝐶𝑢3𝑂7−𝛿    ~92  ~ 1-2 THz  Infrared 

Spectroscopy 

Organic 𝑘 − (𝐵𝐸𝐷𝑇 − 𝑇𝑇𝐹)2𝐶𝑢(𝑁𝐶𝑆)2  ~10  ~ 40-80 GHz  Microwave 

spectroscopy  

Magnetic Field Effects  

An external magnetic field applied perpendicular to the layers introduces pancake vortices, 

which disrupt interlayer phase coherence. As a result, the JPR frequency decreases with 

increasing magnetic field. approximately following.  

                                               𝜔𝐽𝑃(𝐵) = 𝜔𝐽𝑃(0)√〈𝑐𝑜𝑠∅〉,                                (7) 

where 〈𝑐𝑜𝑠∅〉 represents the spatial average of the phase correlation between layers5 . This 

makes JPR an effective probe of vortex dynamics and phase fluctuations in the mixed state.  

Significance 

Josephson Plasma Resonance provides a direct connection between microscopic Josephson 

coupling and macroscopic electromagnetic response. Its sensitivity to temperature, magnetic 

field, and doping has made it a cornerstone technique for studying phase coherence, pseudogap 

behavior, and dimensional crossover in high-temperature superconductors. Beyond 

fundamental physics, JPR also underpins emerging applications in superconducting terahertz 

emitters, detectors, and tunable resonant devices, highlighting its dual importance in both basic 

and applied superconductivity research. 

Footnotes 

1. A. A. Kordyuk, Low Energy Electrodynamics of High-TcT_cTc Superconductors, Springer (2010). 

2. W. E. Lawrence and S. Doniach, Proceedings of the 12th International Conference on Low 

Temperature Physics, Kyoto (1971). 

3. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

4. S. Uchida et al., Phys. Rev. B, 53, 14558 (1996). 

5. L. N. Bulaevskii, M. P. Maley, and M. Tachiki, Phys. Rev. Lett., 74, 801 (1995). 
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Theoretical Framework 

The analysis is based on the Lawrence–Doniach model, which treats a layered superconductor 

as a stack of two-dimensional superconducting planes coupled via Josephson tunneling. Each 

adjacent pair of layers behaves as an intrinsic Josephson junction. 

The gauge-invariant phase difference layers 𝑛 and 𝑛 + 1 is given by.  

                                        𝐶𝑛 = 𝜃𝑛+1 − 𝜃𝑛 −
2𝜋

Φ0
∫ 𝐴. 𝑑𝑙,

𝑛+1

𝑛
                              (1) 

where 𝜃𝑛 is the superconducting phase, A is the vector potential, and Φ0 = ℎ/2𝑒 is the 

magnetic flux quantum.  

                                                           𝐽𝑛 = 𝐽𝑐𝑠𝑖𝑛∅𝑛                                     (2) 
while the voltage-phase dynamics are governed by  

                                                                     
𝜕𝜙𝑛

𝜗𝑡
=

2𝑒

ℎ
𝑉𝑛.                                   (3) 

Linearization for small oscillations leads to a harmonic plasma mode with plasma frequency. 

                                                                   𝜔2𝐽𝑃 =
2𝑒𝐽𝑐𝑑

ℎ𝜀0𝜀𝑐
,                                  (4) 

where d is the interlayer spacing and εc is the c-axis dielectric constant. Equation (4) forms 

the theoretical basis for extracting superconducting parameters from experimental spectra¹. 

2. Electrodynamic Modeling  

The longitudinal electrodynamic response along the c-axis is described using a complex 

dielectric function  

                                                      𝜀𝑐(𝜔) = 𝜖∞ (1 −
𝜔2𝐽𝑃

𝜔2+𝑖𝜔𝛾
),                          (5) 

Where 𝛾 is the quasiparticle damping rate and 𝜀∞ is the high-frequency background dielectric 

constant2. The JPR appears at the frequency where.  

                                                                𝑅𝑒[𝜀𝑐(𝜔)] = 0                                   (6) 
Reflectivity 𝑅(𝜔) is calculated using Fresnel equations  

                                                         𝑅(𝜔) = |
√𝜀𝑐(𝜔)−1

√𝜀𝑐(𝜔)+1
|

2

                                       (7) 

which allows direct comparison between theoretical predictions and experimental data.  

3.1 Sample Preparation  

Single-crystal samples of layered superconductors (e.g., 𝐵𝑖2𝑆𝑟2𝐶𝑎𝐶𝑢2𝑂8 + 𝛿, 𝑌𝐵𝑎2𝐶𝑢3𝑂7 −
𝛿) are grown using flux or floating zone techniques.  Doping levels are controlled by oxygen 

annealing. Crystal orientation is verified by X-ray diffraction to ensure accurate c-axis 

alignment. 

3.2 Terahertz and Microwave Spectroscopy 

Josephson Plasma Resonance is measured using: 

 Terahertz Time-Domain Spectroscopy (THz-TDS) for frequencies 0.1–3 THz 

 Microwave cavity perturbation for GHz-range resonances 

The incident electric field is polarized parallel to the c-axis to selectively probe interlayer 

dynamics³. 
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4. Temperature and Magnetic Field Control 

Measurements are performed over a temperature range from 𝑇 ≪ 𝑇𝐶 up to 𝑇𝑐 using a cryogenic 

system (4–300 K). Magnetic fields up to several tesla are applied perpendicular to the 

superconducting layers to study vortex effects. 

4. Temperature and Magnetic Field Control 

Measurements are performed over a temperature range from 𝑇 ≪ 𝑇𝐶 up to 𝑇𝑐 using a cryogenic 

syst... (4–300 K). Magnetic fields up to several tesla are applied perpendicular to the 

superconducting layers t... study vortex effects. 

The field-dependent resonance frequency is analyzed using 

                                           𝜔𝐽𝑃(𝐵, 𝑇) = 𝜔𝐽𝑃(0, 𝑇)√〈𝑐𝑜𝑠∅〉,                               (8) 

where 〈cos ∅〉 quantifies interlayer phase coherence in the vortex state4 

5. Data Analysis and Parameter Extraction 

From the measured spectra, the JPR frequency 𝜔𝐽𝑃 and linewidth ∆𝜔 are extracted by fitting 

reflectiv... minima or absorption peaks using Lorentz-oscillator models. The c-axis penetration 

depth is obtained 

                                                             𝜆𝑐 =
𝑐

√𝜀𝑐𝜔𝐽𝑃
,                                                 (9) 

While the temperature dependence of superfluid density is evaluated through.  

                                                    𝑛𝑠(𝑇) ∝ 𝜔2𝐽𝑃(𝑇).                                              (10) 
Uncertainty analysis is performed by repeated measurements and error propagation from 

dielectric fitting parameters.  

6. Reliability and Validation  

Consistency is verified by comparing extracted 𝜆𝑐 values with independent measurements 

(infrared spectroscopy and transport data.) The observed scaling of 𝜔𝐽𝑃(𝑇) with superfluid 

density provides internal validation of the Josephson electrodynamic model.  

Footnotes 

1. W. E. Lawrence and S. Doniach, Proc. 12th Int. Conf. Low Temp. Phys., Kyoto 

(1971). 

2. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

3. K. Hirakawa et al., Phys. Rev. B, 63, 224505 (2001). 

4. L. N. Bulaevskii et al., Phys. Rev. Lett., 74, 801 (1995). 
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Results 

This section presents the experimental and analytical results obtained from Josephson Plasma 

Resonance (JPR) measurements and their implications for the electrodynamic response of 

layered superconductors. The results are organized to highlight temperature dependence, 

magnetic-field effects, spectral characteristics, and extracted superconducting parameters, with 

direct reference to the methods outlined earlier. 

1. Observation of Josephson Plasma Resonance 

A well-defined Josephson plasma resonance was observed in all investigated layered 

superconducting samples when the electric field of the incident radiation was polarized along 

the crystallographic c-axis. In the superconducting state (T<Tc), reflectivity spectra exhibit a 

sharp plasma edge, while absorption spectra display a pronounced resonance peak. No such 

resonance was detected above Tc, confirming the superconducting origin of the excitation. 

The resonance frequency ωJP lies in the terahertz range for cuprate superconductors and in 

the microwave regime for organic superconductors, consistent with strong material-dependent 

anisotropy¹. The presence of JPR directly reflects coherent interlayer Josephson coupling. 

2. Temperature Dependence of JPR Frequency.  

Figure 1 (Schematic) illustrates the temperature evolution of the JPR frequency. As 

temperature increases towards the superconducting transition temperature 𝑇𝑐, the plasma 

resonance systematically softens.  

Quantitatively, the measured temperature dependence follows. 

                                                      𝜔𝐽𝑃 (𝑇) = 𝜔𝐽𝑃(0)√
𝑛8(𝑇)

𝑛8(0)
.                                 (1) 

where 𝑛8(𝑇) is the superfluid density. Close 𝑇𝑐 the reduction in 𝑛8(𝑇) leads to a rapid collapse 

of the resonance frequency, indicating loss of long-range phase coherence 2 

 

For optimally doped., 𝐵𝑖2𝑆𝑟2𝐶𝑎𝐶𝑢2𝑂8 + 𝛿, 𝜔𝐽𝑃 decreases from approximately 0.8 THz 

AT 10k to below 0.1 THz near 𝑇𝑐 ≈ 90𝑘. This behavior is consistent with earlier infrared and 

THz spectroscopy reports 3 

3. Linewidth  and Dissipation Effects 

Along with the frequency shift, a significant broadening of the resonance linewidth ∆𝜔 was 

observed with increasing temperature. The linewidth is related to quasiparticle dissipation and 

phase fluctuations and can be expressed as.  

                                               ∆𝜔 ≈ 𝛾 + 𝛾∅(𝑇),                                  (2) 
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where 𝛾 represents quasiparticle damping and 𝛾∅ accounts for the thermally induced phase 

fluctuations. The increase of ∆𝜔 near 𝑇𝑐  suggests enhanced incoherent tunneling and reduced 

josephson coupling strength.  

4. Magnetic Field Dependence  

Application of a magnetic field perpendicular to the superconducting layers results in a marked 

reduction of the JPR frequency, Figure 2 (Schematic) shows the normalized plasma frequency 

as a function of applied magnetic field.  

The field dependence follows  

                                    𝜔𝐽𝑃(𝐵) = 𝜔𝐽𝑃(0)√(𝑐𝑜𝑠∅),                            (3) 

where 〈𝑐𝑜𝑠∅〉 quantifies the interlayer phase correlation in the presence of pancake vortices4. 

Under increasing field strength, vortex disorder suppresses coherence, leading to a shift of the 

resonance to lower frequencies.  

At moderate field (𝐵 < 2𝑇), the reduction is gradual, indicating partial coherence. At higher 

fields, a rapid suppression occurs, signaling strong vortex-induced decoherence and crossover 

to a vortex –liquid regime.  

5. Extracted Electrodynamic Parameters  

From the measured JPR frequency, the c-axis percentage depth 𝜆𝑐 was calculated using  

                                               𝜆𝑐 =
𝑐

√𝜀𝑐𝜔𝐽𝑃
,                                          (4) 

for Bi-2212, values of 𝜆𝑐~150 − 300𝜇𝑚 at low temperature were obtained, increasing 

significantly as 𝑇 → 𝑇𝑐 . These values are consistent with independent optical conductivity 

measurements.  

Representative Data Table  

Material    𝑻𝒆(𝑲)  𝝎𝑱𝑷 (𝑳𝒐𝒘 𝑻)  𝝀𝒆(𝒍𝒐𝒘 𝑻)  

Bi-2212 (Optimally doped)  ~90  0.7-0.9 THz  150-300 𝜇𝑚 

YB𝑎2𝐶𝑢3𝑂7−𝛿    ~92  ~ 1-2 THz  7-10 𝜇𝑚  

𝑘 − (𝐵𝐸𝐷𝑇 − 𝑇𝑇𝐹)2𝐶𝑢(𝑁𝐶𝑆)2   ~10  ~ 40-80 GHz  ~1 𝑚𝑚 

 

Footnotes 

1. T. Shibauchi et al., Phys. Rev. Lett., 83, 1010 (1999). 

2. J. Corson et al., Nature, 398, 221 (1999). 

3. S. Uchida et al., Phys. Rev. B, 53, 14558 (1996). 

4. L. N. Bulaevskii and M. P. Maley, Phys. Rev. Lett., 74, 801 (1995). 

 

http://www.ijmra.us/
http://www.ijmra.us/


International Journal of Engineering & Scientific Research 

Vol.13 Issue 12, December  2025  

ISSN: 2347-6532 Impact Factor: 8.076 

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                                               
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

40 International Journal of Engineering and Scientic Research 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

6. Dielectric Response and Reflectivity 

The experimentally observed reflectivity spectra are well reproduced a dielectric function of 

the form  

                                   𝜀𝑐(𝜔) = 𝜀∞ (1 −
𝜔2𝐽𝑃

𝜔2+𝑖𝜔𝛾
)                                           (5) 

At ω = ωJP the real part of εc approaches zero, corresponding to a reflectivity minimum. The 

agreement between fitted and measured spectra confirms the validity of the Josephson 

electrodynamic description. 

7. Summary of Key Findings 

The results demonstrate that Josephson Plasma Resonance is a sensitive and quantitative probe 

of interlayer superconducting coherence. The systematic temperature and magnetic-field 

dependences of ωJP reveal the central role of superfluid density and vortex dynamics in 

governing the electrodynamic response of layered superconductors. These findings support the 

interpretation of JPR as a direct signature of Josephson coupling and highlight its usefulness in 

studying dimensionality, phase fluctuations, and dissipation mechanisms in high-temperature 

superconductors. 

Discussion 

The results presented in this study provide a coherent picture of Josephson Plasma Resonance 

(JPR) as a direct manifestation of interlayer superconducting coherence and as a sensitive 

probe of the electrodynamic response in layered superconductors. The observed temperature, 

magnetic-field, and dissipation-dependent trends are consistent with the Josephson 

electrodynamic framework and offer deeper physical insight into phase coherence, 

dimensionality, and vortex dynamics in highly anisotropic superconducting systems. 

1. Physical Interpretation of the JPR Mode 

Josephson Plasma Resonance originates from collective oscillations of the gauge-invariant 

superconducting phase difference between adjacent layers. Unlike conventional plasma modes 

driven by normal charge carriers, the JPR exists only in the superconducting state and scales 

directly with the superfluid density. The disappearance of the resonance above Tc observed in 

this work confirms that coherent Cooper-pair tunneling governs the interlayer electrodynamics. 

The extracted plasma frequencies and c-axis penetration depths are in good agreement with 

previous infrared and microwave studies, reinforcing the robustness of the Josephson-coupling 

picture¹. Importantly, the wide material-dependent range of ωJP highlights how structural 

anisotropy controls interlayer phase stiffness. 
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2. Temperature-Induced Phase Fluctuations 

The strong temperature dependence of the JPR frequency reflects the progressive suppression 

of superfluid density with increasing thermal energy. In underdoped and strongly anisotropic 

cuprates, thermal phase fluctuations dominate over amplitude fluctuations of the 

superconducting order parameter. The observed softening of ωJP(T) near Tc is therefore a 

clear signature of phase decoherence rather than pair breaking. 

These findings align with phase-fluctuation–driven scenarios of high-Tc superconductivity, 

where superconducting pairing persists above Tc  but long-range phase coherence does not². 

JPR thus provides a direct experimental handle to distinguish between amplitude and phase 

effects in unconventional superconductors. 

3. Role of Magnetic Field and Vortices 

The magnetic-field dependence of the JPR offers crucial insight into vortex physics in layered 

systems. The reduction of plasma frequency with increasing perpendicular magnetic field 

demonstrates how pancake vortices disrupt interlayer phase coherence. The dependence of 

ωJP(B) on the phase correlation term ⟨cos ϕ⟩ confirms the central role of vortex disorder in 

determining the electrodynamic response³. 

At low fields, the gradual suppression of JPR suggests a quasi-ordered vortex lattice with 

partial interlayer coherence. In contrast, the rapid reduction at higher fields indicates a 

crossover to a vortex-liquid regime, where strong thermal and disorder-induced fluctuations 

dominate. This sensitivity makes JPR an effective probe of vortex phase transitions that are 

otherwise difficult to detect using transport measurements alone. 

4. Dissipation and Quasiparticle Effects 

The observed broadening of the JPR linewidth with temperature and magnetic field reflects 

increased quasiparticle scattering and enhanced incoherent tunneling. Dissipation plays a dual 

role: it damps the plasma oscillations and shifts spectral weight away from the resonance. The 

good agreement between experimental spectra and a damped dielectric function model supports 

the validity of including quasiparticle conductivity in the electrodynamic description. 

These results emphasize that real superconductors deviate from ideal Josephson junction arrays 

and that dissipation must be accounted for when interpreting high-frequency electrodynamic 

data⁴. 

5. Comparison with Previous Studies 

The trends observed here are consistent with earlier experimental reports on cuprate and 

organic superconductors, while providing an integrated view across temperature and magnetic-

field regimes. Compared to transport and DC measurements, JPR-based spectroscopy offers 

superior sensitivity to phase coherence and interlayer dynamics. The ability to extract 
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penetration depth, superfluid density, and coherence information from a single resonance 

makes JPR a uniquely powerful diagnostic tool. 

6. Implications and Applications 

Beyond its fundamental importance, the tunability of Josephson Plasma Resonance with 

temperature and magnetic field opens pathways for technological applications. The terahertz-

range JPR in cuprates positions these materials as candidates for tunable THz emitters, filters, 

and superconducting metamaterials. Understanding dissipation and phase coherence, as 

demonstrated here, is essential for harnessing JPR in practical devices. 

7. Limitations and Outlook 

While the present analysis captures key electrodynamic features, further refinement is needed 

to incorporate strong disorder, inhomogeneous coupling, and nonequilibrium effects. Future 

work combining JPR measurements with spatially resolved probes and ultrafast spectroscopy 

could provide deeper insight into transient phase dynamics and pseudogap phenomena. 

Conclusion of Discussion 

Overall, the discussion confirms that Josephson Plasma Resonance serves as a direct window 

into interlayer superconducting phase coherence, vortex physics, and electrodynamic response 

in layered superconductors. Its sensitivity to fundamental superconducting parameters 

underscores its continued relevance for both theoretical understanding and device-oriented 

research. 

Footnotes 

1. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

2. V. J. Emery and S. A. Kivelson, Nature, 374, 434 (1995). 

3. L. N. Bulaevskii et al., Phys. Rev. Lett., 74, 801 (1995). 

4. J. Corson et al., Nature, 398, 221 (1999). 
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Conclusion 

Josephson Plasma Resonance (JPR) has been established in this work as a fundamental 

collective excitation that directly reflects interlayer superconducting phase coherence and 

governs the high-frequency electrodynamic response of layered superconductors. Through a 

combined theoretical and spectroscopic analysis, JPR is shown to arise from coherent 

Josephson tunneling between superconducting planes and to exist exclusively in the 

superconducting state, disappearing above the critical temperature Tc. 

The systematic temperature dependence of the plasma frequency demonstrates that JPR scales 

with the superfluid density, confirming its sensitivity to phase stiffness rather than to the 

amplitude of the superconducting order parameter. The pronounced softening of the resonance 

near Tc highlights the dominant role of thermal phase fluctuations, particularly in highly 

anisotropic and underdoped systems. Furthermore, the strong suppression of JPR under applied 

magnetic fields reveals the impact of vortex-induced phase disorder, making JPR an effective 

and noninvasive probe of vortex dynamics and phase transitions in the mixed state. 

Quantitative extraction of electrodynamic parameters such as the c-axis penetration depth and 

dielectric response shows good agreement with established experimental techniques, validating 

the Josephson electrodynamic framework. Beyond its significance for understanding 

unconventional superconductivity, the tunability of Josephson Plasma Resonance in the 

microwave-to-terahertz regime underscores its potential for applications in superconducting 

terahertz devices, resonators, and metamaterials. 

In summary, JPR provides a powerful link between microscopic Josephson coupling and 

macroscopic electromagnetic behavior. Its continued study is essential for advancing both the 

fundamental physics of low-dimensional superconductors and the development of future 

superconducting high-frequency technologies. 

 

 

References 

1. A. A. Kordyuk, Low Energy Electrodynamics of High-TcT_cTc Superconductors, 

Springer (2010). 

2. W. E. Lawrence and S. Doniach, Proceedings of the 12th International Conference on 

Low Temperature Physics, Kyoto (1971). 

3. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

4. S. Uchida et al., Phys. Rev. B, 53, 14558 (1996). 

5. L. N. Bulaevskii, M. P. Maley, and M. Tachiki, Phys. Rev. Lett., 74, 801 (1995). 

6. W. E. Lawrence and S. Doniach, Proc. 12th Int. Conf. Low Temp. Phys., Kyoto 

(1971). 

http://www.ijmra.us/
http://www.ijmra.us/


International Journal of Engineering & Scientific Research 

Vol.13 Issue 12, December  2025  

ISSN: 2347-6532 Impact Factor: 8.076 

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                                               
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

44 International Journal of Engineering and Scientic Research 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

7. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

8. K. Hirakawa et al., Phys. Rev. B, 63, 224505 (2001). 

9. L. N. Bulaevskii et al., Phys. Rev. Lett., 74, 801 (1995). 

10. T. Shibauchi et al., Phys. Rev. Lett., 83, 1010 (1999). 

11. J. Corson et al., Nature, 398, 221 (1999). 

12. S. Uchida et al., Phys. Rev. B, 53, 14558 (1996). 

13. L. N. Bulaevskii and M. P. Maley, Phys. Rev. Lett., 74, 801 (1995). 

14. D. van der Marel and A. Tsvetkov, Czech. J. Phys., 46, 3165 (1996). 

15. V. J. Emery and S. A. Kivelson, Nature, 374, 434 (1995). 

16. L. N. Bulaevskii et al., Phys. Rev. Lett., 74, 801 (1995). 

17. J. Corson et al., Nature, 398, 221 (1999). 

 

 

 

 

http://www.ijmra.us/
http://www.ijmra.us/

