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Abstract 

 

 

THz radiation band (with wavelength 1 mm to 0.1 mm) separates the two high 

technology fields of science, i.e. photonics and electronics, and formulates an important region 

of electromagnetic spectrum. The remarkable appealing characteristics like non-invasive, low 

photon energy (non-ionizing) than the ionization energy of most of the biological molecules 

makes them useful in the medical imaging over perilous x-ray radiations. This riveting THz 

frequency range has phase sensitivity to polar compounds such as water and also lies around 

different molecular rotational and vibrational energies (e.g. water) that not only unwraps the 

useful enigmatic information about the chemical composition but also the chemical structure 

and internal dynamics of the samples, hence provides ‘fingerprints’ of various organic 

molecules and diagnosis of cancerous skin tissues by monitoring the changes in the water 

content (absorption in water) and cell density. Another lucrative feature of THz gap is the high 

quality of spatial resolution and penetration through non-polar polymers, dielectrics and 

packing materials that commences its contact free and uninterruptible applications in the 

detection of defects in the coating of tablets and tiles of space transportation system, inspection 

of products, security screening and recognizing concealed weapons and explosives. Therefore, 

the unique and volatile properties of this range makes the generation of these radiations a 

fascinating field for research. 

The incoherent, broadband coherent and narrowband coherent are three types of THz 

radiations. Several experimental techniques and theoretical methods have been demonstrated 

for generating broadband coherent THz radiations which include photonic and electronics 

based sources. THz generation from nonlinear crystals via photoconductive antenna, optical 

rectification, laser-plasma interaction and laser-nanostructure interaction are photonic based 

sources. The mingling of two laser beams having different frequencies for molding an optical 

beat results in the continuous wave THz generation. The emitted radiations using laser-plasma 

interaction may not be frequency tunable, and presence of only few plasma parameters for 

modulating THz radiations is the downside for the aforesaid technique. Due to more number 

of controlling parameters in case of nanostructured materials, THz radiation generation via 

laser-nanostructure interaction is a prominent method to achieve frequency tunable and 

controllable THz radiations. 

In the present thesis, a method is presented for the generation of THz radiation using 

laser-nanostructure interaction. The medium containing graphite nanoparticles (NPs) is 

employed as a nonlinear medium, and to make situation more realistic, various scattering 

mechanisms and restoring forces exerted by the electron clouds of the NPs have also been 

considered. Graphite NPs are chosen because their plasmon frequency lies in THz range and 
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because of its hexagonal crystal structure different orientations of basal planes is easy to realize. 

Precisely, the studies included in the thesis majorly revolves around generating multiple and 

multifocal THz radiations on account of their applications in the medical field. So, attempts 

have been made for generating high intensity THz radiations which are not only multifocal, 

convertible and controllable but also frequency tunable. For the fulfilment of the purpose, skew 

coshyperbolic Gaussian (SCGB) laser beam profile, which is itself bi-focal or uni-focal based 

on the value of its parameters and a medium having NPs in two different shapes, i.e. spherical 

and cylindrical, with two different orientations of the basal planes with respect to the direction 

of incident laser beam have been considered. The profile of SCGB beams are convertible to 

Gaussian or super-Gaussian profiles for specific values of laser beams’ parameters. The 

amplitude and position of the emitted THz peaks are discussed due to the captivating profile of 

the laser beam. The role of orientation of basal planes with respect to the electric field of 

incident laser beam has been investigated. The shape of the NPs i.e. spherical (SNPs) and 

cylindrical (CNPs), inter-particle distance, aspect ratio has also been considered for achieving 

stronger THz radiations. The tuning of frequency can be realized such that two peaks are 

achieved due to the resonant excitation of the medium when beating frequency of lasers 

matches the plasmon frequency. In addition, multifocal THz emission is possible when an 

external static electric field is applied to the aforesaid medium. The mechanism of generation 

of different THz fields together with the comparative study between the fields (i.e. beating and 

induced field) has been performed. The role of external electrostatic field on emitted THz 

radiations has also been investigated. To check the role of nanostructure, the core-shell NPs 

are employed in the medium on account of finding changes in the emitted THz fields. For that, 

exhaustive studies have been performed on a medium having core-shell NPs in two different 

shapes along with the presence and absence of external electrostatic field. One advantageous 

feature of using core-shell NPs over solid simple NPs is that the emitted THz radiations can be 

tuned by changing the ratio of radius of core and shell. An interesting property of emitted THz 

radiations is that they are multifocal, convertible (bi-focal to uni-focal and vice-versa) and 

controllable. The present work is efficacious for the diagnosis and treating cancerous cells 

efficiently keeping in mind desired number of peaks and amplitude of emitted THz radiation. 

Not only this, the amount of injection for destroying only the infected cells of the human body 

can be regulated by controlling the flow of NPs by changing the core and shell radius.  

 

 

 

 

 

 

 

 



 

 

सार 

 

टेराहट्ज़ (THz) विविरण बैंड (तरंग दैर्ध्ज 1 वििी से 0.1 वििी िे साथ) विज्ञान िे दो उच्च 

प्रौद्योवगिी के्षत्ो,ं अथाजत् फोटोवनक्स और इलेक्ट्र ॉवनक्स िो अलग िरता है, और विद्युत चुम्बिीय 

से्पक्ट्र ि िा एि िहत्वपूणज के्षत् तैयार िरता है। अवििांश जैविि अणुओ ंिी आयनीिरण ऊजाज िी 

तुलना िें गैर-आक्रािि, िि फोटॉन ऊजाज (गैर-आयनीिरण) जैसी उले्लखनीय आिर्जि विशेर्ताएं 

उन्हें खतरनाि एक्स-रे विविरणो ंपर वचवित्सा इिेवजंग िें उपयोगी बनाती हैं। इस ररिेवटंग THz फ़्रीक्वें सी 

रेंज िें पानी जैसे धु्रिीय यौवगिो ंिे वलए चरण संिेदनशीलता होती है और यह विविन्न आणविि घूणी और 

िंपन ऊजाज (जैसे पानी) िे आसपास िी होती है जो न िेिल रासायवनि संरचना िे बारे िें उपयोगी गूढ़ 

जानिारी िो खोलती है बल्कि रासायवनि संरचना और आंतररि गवतशीलता िो िी उजागर िरती है। 

निूने, इसवलए विविन्न िाबजवनि अणुओ ंिे उंगवलयो ंिे वनशान प्रदान िरते हैं और पानी िी सािग्री 

(पानी िें अिशोर्ण) और सेल घनत्व िें पररितजन िी वनगरानी िरिे िैं सरयुक्त त्वचा िे ऊतिो ंिा 

वनदान िरते हैं। THz गैप िी एि और आिर्जि विशेर्ता गैर-धु्रिीय पॉवलिर, डाइलेल्कक्ट्र क्स और पैविंग 

सािग्री िे िार्ध्ि से स्थावनि रऱॉलू्यशन और पैठ िी उच्च गुणित्ता है जो अंतररक्ष पररिहन प्रणाली िी 

गोवलयो ंऔर टाइलो ंिी िोवटंग िें दोर्ो ंिा पता लगाने िें इसिे संपिज  िुक्त और अबावित अनुप्रयोगो ं

िो शुरू िरती है। उत्पादो ंिा वनरीक्षण, सुरक्षा जांच और विपे हुए हवथयारो ंऔर विस्फोटिो ंिी पहचान 

िरना। इसवलए, इस शे्रणी िे अवितीय और अल्कस्थर गुण इन विविरणो ंिी पीढ़ी िो अनुसंिान िे वलए 

एि आिर्जि के्षत् बनाते हैं। 

 

असंगत, ब्रॉडबैंड सुसंगत और संिीणज बैंड सुसंगत तीन प्रिार िे THz विविरण हैं। ब्रॉडबैंड 

सुसंगत THz विविरण उत्पन्न िरने िे वलए िई प्रयोगात्मि तिनीिो ंऔर सैद्ांवति तरीिो ंिा प्रदशजन 

विया गया है वजसिें फोटोवनि और इलेक्ट्र ॉवनक्स आिाररत स्रोत शाविल हैं। फोटोिॉन्डल्कक्ट्ि एंटीना, 

ऑवििल रेल्कक्ट्वफिेशन, ले़र-प्लाज्मा इंटरेक्शन और ले़र-नैनोस्ट्र क्चर इंटरैक्शन िे िार्ध्ि से 

नॉनलाइवनयर वक्रस्ट्ल से THz पीढ़ी फोटोवनि आिाररत स्रोत हैं। एि ऑवििल बीट िो ढालने िे वलए 

अलग-अलग आिृवत्तयो ंिाले दो ले़र बीिो ंिे विलन से वनरंतर तरंग THz उत्पन्न होती है। ले़र-प्लाज्मा 

इंटरैक्शन िा उपयोग िरने िाले उत्सवजजत विविरण आिृवत्त टू्यन िरने योग्य नही ंहो सिते हैं, और 

THz विविरणो ंिो संशोवित िरने िे वलए िेिल िुि प्लाज्मा पैरािीटर िी उपल्कस्थवत उपरोक्त तिनीि 

िे वलए निारात्मि पक्ष है। नैनोस्ट्र क्चर सािग्री िे िािले िें अविि संख्या िें वनयंवत्त िापदंडो ंिे िारण, 

ले़र-नैनोस्ट्र क्चर इंटरैक्शन िे िार्ध्ि से THz विविरण पीढ़ी आिृवत्त टू्यन िरने योग्य और वनयंत्णीय 

THz विविरण प्राप्त िरने िा एि प्रिुख तरीिा है।   

                                                 

ितजिान शोि गं्रथ िें, ले़र -नैनोस्ट्र क्चर इंटरैक्शन िा उपयोग िरिे THz विविरण िी पीढ़ी िे 

वलए एि विवि प्रसु्तत िी गई है। गे्रफाइट नैनोिणो ं(एनपी) िाले िार्ध्ि िो एि गैर-रेखीय िार्ध्ि िे 

रूप िें वनयोवजत विया जाता है, और ल्कस्थवत िो और अविि यथाथजिादी बनाने िे वलए, विविन्न वबखरने 

िाले तंत् और एनपी िे इलेक्ट्र ॉन सिूहो ंिारा लगाए गए बलो ंिो बहाल िरने पर िी विचार विया गया 



 

 

है। गे्रफाइट एनपी िो इसवलए चुना जाता है क्ोवंि उनिी प्लास्मोन आिृवत्त THz परास िें होती है और 

इसिी हेक्सागोनल वक्रस्ट्ल संरचना िे िारण बेसल पे्लन िे विविन्न झुिािो ंिो िहसूस िरना आसान 

होता है। संके्षप िें, शोि गं्रथ िें शाविल अर्ध्यन प्रिुख रूप से वचवित्सा के्षत् िें उनिे अनुप्रयोगो ंिे िारण 

िई और बहुिेन्द्रीय THz विविरण उत्पन्न िरने िे इदज-वगदज  घूिते हैं । इसवलए, उच्च तीव्रता िाले THz 

विविरण उत्पन्न िरने िे प्रयास विए गए हैं जो न िेिल बहुिेल्कन्द्रत, पररितजनीय और वनयंत्णीय हैं बल्कि 

आिृवत्त टू्यन िरने योग्य िी हैं। उदे्दश्य िी पूवतज िे वलए, स्क्कू् (वतरिा) िोशीपवबजि गौवसयन 

(एससीजीबी) ले़र बीि रेखावचत्, जो स्वयं अपने िापदंडो ंिे िूल्य िे आिार पर विनावित या एि-

नावित है और एि िार्ध्ि वजसिें दो अलग-अलग आिार िें एनपी होते हैं, अथाजत् गोलािार और 

बेलनािार, िे साथ घटना ले़र बीि िी वदशा िे संबंि िें बेसल पे्लन िे दो अलग-अलग झुिािो ंपर 

विचार विया गया है। ले़र बीि िे िापदंडो ंिे विवशष्ट िूल्यो ंिे वलए एससीजीबी बीि िी रेखावचत् 

गौवसयन या सुपर- गौवसयन रेखावचत् िें पररितजनीय हैं। उत्सवजजत THz चोवटयो ंिे आयाि और ल्कस्थवत पर 

ले़र बीि िे िनोरि रेखावचत् िे िारण चचाज िी जाती है। घटना ले़र बीि िे विद्युत के्षत् िे संबंि िें 

बेसल पे्लनो ं िे उनु्मखीिरण िी िूवििा िी जांच िी गई है। एनपी िे आिार अथाजत् गोलािार 

(एसएनपीएस) और बेलनािार (सीएनपी), अंतर-िण दूरी, पहलू अनुपात िो िी िजबूत THz विविरण 

प्राप्त िरने िे वलए िाना गया है। आिृवत्त िी टू्यवनंग िो इस तरह िहसूस विया जा सिता है वि दो 

चोवटयो ंिो िार्ध्ि िे गंुजयिान उते्तजना िे िारण प्राप्त विया जाता है जब ले़रो ंिी िड़िन आिृवत्त 

प्लास्मोन आिृवत्त से िेल खाती है। इसिे अलािा, बहुिेन्द्रीय THz उत्सजजन संिि है जब एि बाहरी 

सै्थवति विद्युत के्षत् िो उपरोक्त िार्ध्ि पर लागू विया जाता है। विविन्न THz के्षत्ो ंिे वनिाजण िे तंत् िे 

साथ-साथ के्षत्ो ंिे बीच तुलनात्मि अर्ध्यन (अथाजत् बीवटगं और पे्रररत के्षत्) िा प्रदशजन विया गया है। 

उत्सवजजत THz विविरणो ंपर बाहरी इलेक्ट्र ोसै्ट्वटि के्षत् िी िूवििा िी िी जांच िी गई है। नैनोस्ट्र क्चर 

िी िूवििा िी जांच िरने िे वलए, उत्सवजजत THz के्षत्ो ंिें पररितजन खोजने िे िारण िोर-शेल एनपीएस 

िो िार्ध्ि िें वनयोवजत विया जाता है। उसिे वलए, बाहरी इलेक्ट्र ोसै्ट्वटि के्षत् िी उपल्कस्थवत और 

अनुपल्कस्थवत िे साथ-साथ दो अलग-अलग आिृवतयो ंिें िोर-शेल एनपी िाले िार्ध्ि पर विसृ्तत अर्ध्यन 

विया गया है। ठोस सरल एनपी पर िोर-शेल नैनोिणो ंिा उपयोग िरने िी एि लािप्रद विशेर्ता यह 

है वि उत्सवजजत THz विविरणो ंिो िोर और शेल िे वत्ज्या िे अनुपात िो बदलिर टू्यन विया जा 

सिता है। उत्सवजजत THz विविरणो ंिी एि वदलचस्प विशेर्ता यह है वि िे बहुिेल्कन्द्रत, पररितजनीय  

(विनावित से एि-नावित और इसिे विपरीत) और वनयंत्णीय हैं। ितजिान िायज िैं सर िोवशिाओ ंिे 

वनदान और उपचार िे वलए प्रिािी रूप से चोवटयो ंिी िांवित संख्या और उत्सवजजत THz विविरण िे 

आयाि िो र्ध्ान िें रखते हुए प्रिािी है। इतना ही नही ंिानि शरीर िी िेिल संक्रवित िोवशिाओ ंिो 

नष्ट िरने िे वलए इंजेक्शन िी िात्ा िोर और शेल वत्ज्या िो बदलिर एनपी िे प्रिाह िो अनुिूल 

िरिे वनयंवत्त विया जा सिता है। 
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b = 2 × 10−5𝑚 , y = 0.9b, 𝑟𝑠 = 100 nm, 𝑑𝑠𝑠 = 𝑑𝑐𝑠 = 5𝑟𝑠, ℎ𝑠= 300 nm. 

Figure 6.4. Variation of beating and induced THz field with normalized plasma frequency 

when 𝐸0 = 6 × 1010 𝑉/𝑚, 𝐸0𝑝 = 4 × 106 𝑉/𝑚, s = 1, p = 6, b = 2 × 10−5𝑚 , y = 0.9b, 𝑟𝑠 = 

100 nm, 𝑟𝑐 = 50 nm, 𝑑𝑠𝑠 = 𝑑𝑐𝑠 = 5𝑟𝑠, ℎ𝑠= 300 nm and ℎ𝑐= 150 nm. 

Figure 6.5. Distribution of induced THz field with external electric field when 𝐸0 =

6 × 1010 𝑉/𝑚, s = 1, 𝜔 = 1.25 𝜔𝑝, p = 6, b = 2 × 10−5𝑚 , y = 0.9b , 𝑑𝑠𝑠 = 𝑑𝑐𝑠 = 5𝑟𝑠, ℎ𝑠= 

300 nm and ℎ𝑐= 150 nm. 

Figure 6.6. Distribution of II peak (transverse resonance peak) of induced THz field with inter-

particle distance between NPs when 𝐸0 = 6 × 1010 𝑉/𝑚, 𝐸0𝑝 = 4 × 106 𝑉/𝑚 , s = 1, 𝜔 =

1.25 𝜔𝑝, p = 6, b = 2 × 10−5𝑚 , y = 0.9b, ℎ𝑠= 300 nm and ℎ𝑐= 150 nm. 

Figure 6.7. Behavior of induced efficiency with external electric field for different values of 

laser index when, 𝐸0 = 6 × 1010 𝑉/𝑚, s = 1, y = 0.9b, 𝑟𝑠 = 100 nm, 𝑟𝑐 = 50 nm, ℎ𝑠= 300 nm, 

ℎ𝑐 = 150 nm and 𝜔 = 1.25 𝜔𝑝. 
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List of Symbols 

 

 

α ……………Wave number of density ripples 

𝛼𝑐……………Restoring force coefficient for CNPs 

𝛼𝑠……………Restoring force coefficient for SNPs 

i……………...Denotes configuration of basal planes 

𝐸𝑗
⃗⃗  ⃗…………….Electric field of skew-coshyperbolic Gaussian laser beam 

𝐸⃗ 𝑝…………....Electric field of external electrostatic field 

𝐸⃗ 𝑇𝐻𝑧………....Electric field of emitted THz radiation (Chapters-2,3 and 4) 

𝐸0……………Peak amplitude of Laser Electric field 

𝐸0𝑝………......Peak amplitude of external electrostatic field 

𝐸⃗ 0𝑇𝐻𝑧1……….Beating field (Chapters-5 and 6) 

𝐸⃗ 0𝐼𝑇𝐻𝑧2……....Induced field 1(Chapters- 5 and 6) 

𝐸⃗ 0𝐼𝑇𝐻𝑧3……....Induced field 2 (Chapters- 5 and 6) 

𝜀(𝑐)………….Permittivity of cylindrical NPs 

𝜀(𝑠)………….Permittivity of spherical NPs 

𝜀𝑐…………….Permittivity of the core 

𝜀𝑒𝑓𝑓………….Effective permittivity of the medium 

𝜀ℎ……………Permittivity of host medium 

𝜀𝑠……………Permittivity of the shell 

𝜀𝑐(𝑐𝑠)……….Permittivity of cylindrical core-shell NPs 

𝜀𝑠(𝑐𝑠)……….Permittivity of spherical core-shell NPs 

𝜀𝑓𝑟𝑒𝑒………...Permittivity of free electrons 

𝜀𝑡𝑖
…………...Permittivity of bound electrons in particular orientation of basal planes 

𝜀𝑖
𝑏𝑜𝑢𝑛𝑑……....Permittivity of bound electrons  

𝜂…………….Efficiency of the scheme 

𝜂𝐼𝑛𝑑𝑢𝑐𝑒𝑑…….Efficiency due to induced field 

A…………….Ratio of density ripples and the density of the conduction electrons 

𝑋 𝑁𝐿………….Position vector of electron cloud due to ponderomotive force 

𝜔…………….Beating frequency of the lasers 

𝜔𝑗……………Angular Frequencies of first and second incident laser 

𝜔𝑝…………...Plasma frequency of electrons 

𝜔𝑝𝑡𝑖
………….Plasma frequency of electrons in particular orientation 
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𝑘……………..Beating wavenumber of the lasers 

𝑘𝑗…………….Propagation vector of laser 1 and 2 

𝑘1
′……………..Modified wavenumber of beating field 

𝑘2
′ ……………Modified wavenumber of induced field 1 

𝑘3
′ ……………Modified wavenumber of induced field 2 

Q………….....Symbol defined in the respective chapters 

𝛾𝑐……………Damping constant for cylindrical shell 

𝛾𝑠……………Damping constant for spherical shell 

𝛾0𝑝………......Periodicity of external electrostatic field 

Г𝑏……………Damping due to surface scattering of conduction electrons in the shell of NPs 

Г𝑑……………Bulk damping coefficient 

Г𝑑⊥,∥
…………Bulk damping coefficient in particular orientation of basal planes 

Γ𝑒−𝑒………….Damping due to scattering of an electron by another one in a bulk lattice of                 

metal 

Γ𝑒−𝑝ℎ………...Damping due to interaction of conduction electrons with metallic lattice 

Γ𝑟𝑎𝑑………….Damping due to radiation of accelerated electrons 

Γ𝑠𝑢𝑟𝑓………....Damping due to scattering of surface electrons 

j……………...Denotes two kinds of lasers (laser 1 and 2) 

𝐽 𝑁𝐿..................Nonlinear current density 

𝐽𝑃𝑌1
𝑁𝐿 ……….....Nonlinear current density due to beating of lasers (Chapters- 5 and 6) 

𝐽𝐼𝑃𝑌2
𝑁𝐿 …………Nonlinear current density due to coupling of laser 1 with external field 

𝐽𝐼𝑃𝑌3
𝑁𝐿 …………Nonlinear current density due to coupling of laser 2 with external field 

𝑡𝑖…………….Symmetry axis normal to the plane inside a nanoparticle 

< 𝑊𝐿 >……...Average energy density of incident laser 

< 𝑊𝑇𝐻𝑧 >…...Average energy density of the emitted THz field 

𝑑𝑐𝑠…………….Inter-particle distance between two cylindrical shells (Chapters- 4 and 6) 

𝑑𝑠𝑠…………...Inter-particle distance between two spherical shells (Chapters- 4 and 6) 

𝑑𝑐𝑡𝑖
………......Inter-particle distances between any two CNPs in a particular orientation 

𝑑𝑠𝑡𝑖
………......Inter-particle distances between any two SNPs in a particular orientation 

n…………........Order of the laser beam 

𝑛𝛼…………...Density ripples in the medium 

𝑛𝑜𝑐…………..Macroscopic density of CNPs 

𝑛𝑜𝑠…………..Macroscopic density of SNPs 
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𝑛0…………...Total macroscopic density of the NPs 

𝑛0𝑡𝑖
………….Total density of the NPs in a particular orientation of basal planes 

𝑛′…………....Modulation in the macroscopic density of each kind of NP 

p……………..Lasers’ index 

P…………….Symbol defined in the corresponding chapters 

𝑓𝑐…………….Volume fractions of the core (Chapters- 4 and 6) 

𝑓𝑠…………….Volume fractions of the shell (Chapters- 4 and 6) 

𝑓𝑐𝑡𝑖…………...Volume fraction of CNPs in a particular orientation (Chapters- 2,3 and 5) 

𝑓𝑠𝑡𝑖…………...Volume fraction of SNPs in a particular orientation (Chapters- 2 and 5) 

𝜙𝑝……………Ponderomotive potential  

𝐹 𝑃
𝑁𝐿………......Nonlinear ponderomotive force 

𝐹 𝑃𝑦
𝑁𝐿…………..Y-component of nonlinear ponderomotive force 

𝐹𝑃𝑌1
𝑁𝐿 ……………Ponderomotive force due to beating of lasers (Chapters- 5 and 6) 

𝐹𝐼𝑃𝑌2
𝑁𝐿 ……….....Ponderomotive force due to coupling of laser 1 with external field 

𝐹𝐼𝑃𝑌3
𝑁𝐿 ……….....Ponderomotive force due to coupling of laser 2 with external field 

𝐹 𝑃𝑧
𝑁𝐿…………...Z-component of nonlinear ponderomotive force 

b………………Beam width of the laser beam 

𝛽𝑐……………..Permittivity constant for CNPs 

𝛽𝑠……………..Permittivity constant for SNPs 

𝑟𝑐………….......Average radii of core (Chapters- 4 and 6) 

𝑟𝑗⃗⃗ ……………...Position vector of the electron cloud due to laser 1 and 2 

𝑟𝑠…………......Average radii of shell (Chapters- 4 and 6) 

rcc…………….Average radii of cylindrical core (Chapters- 4 and 6) 

rcs…………….Average radii of cylindrical shell (Chapter- 4 and 6) 

rsc…………….Average radii of spherical core (Chapters- 4 and 6) 

rss…………….Average radii of spherical shell (Chapters- 4 and 6) 

𝑟𝑐𝑡𝑖…………...Average radii of CNPs (Chapters- 2,3 and 5) 

𝑟𝑠𝑡𝑖…………...Average radii of SNPs (Chapters- 2,3 and 5) 

R……………..Symbol defined in the respective chapters 

𝜆𝑏……………Mean free path of electrons in the shell 

𝑣 𝑓……………Fermi velocity of the electrons 

𝑣𝑗⃗⃗⃗  ………….....Oscillatory velocity of electron clouds due to laser 1 and 2 

𝑣 𝑁𝐿………......Nonlinear velocity of the electron cloud 

𝑣𝑦
𝑁𝐿…………..Y-component of nonlinear velocity 

V……………..Volume of the thickness of the shell 

s……………...Skewness parameter of the laser beam 
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S…………….Surface area of the shell of the NPs 

ℎ𝑐…………...Height of the core (Chapters- 4 and 6) 

ℎ𝑠…………...Height of the shell (Chapters- 4 and 6) 

ℎ𝑐𝑡𝑖
………….Height of the CNPs in a particular orientation (Chapters- 2,3 and 5) 
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List of Abbreviations 

 

1D  One-Dimensional 

2D  Two-Dimensional 

3D  Three-Dimensional 

BCS  Bardeen-Cooper-Schrieffer Theory  

BCWC  Body-Centric Wireless Communication 

BWO  Backward-Wave Oscillators 

CNPs  Cylindrical Nanoparticles 

CPA  Chirped-Pulse Amplification  

CVD  Chemical Vapor Deposition 

CW  Continuous Wave 

DNA   Deoxyribonucleic Acid  

EM  Electromagnetic  

EMR  Electromagnetic Radiations 

ES  Electrostatic Field 

FDTD  Finite-Difference Time-Domain 

FEL  Free Electron Laser 

IMPATT Impact Ionization Avalanche Transit-Time Diode 

ISO  International Organization for Standardization 

LAN  Local Area Network 

MATLAB Matrix Laboratory 

NDT  Non-Destructive Technique 

NPs  Nanoparticles 

NRs  Nanorods 

PCA  Photoconductive Antenna 

PM  Particulate Matter 

QD  Quantum-Dot 

SCGB  Skew Coshyperbolic Gaussian beam 

SNPs  Spherical Nanoparticles 

TCI  Terahertz Chemical Imaging 

THz  Terahertz 

THz-TDS Terahertz Time- Domain Spectroscopy 

TWT  Travelling-Wave Tube  

UGC  University Grant Commission 

US-FCC United States-Federal Communications Commission 

VED  Vacuum Electronic Devices 
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