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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.
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LIRS

RIS (THz) faferur S @3 e 1 foeft @ 0.1 foeft & 1) fosm & 1 3=
WENRTn! &=, srdfd Wiy 3R Sadei-ad I 3T oxdl §, 3R faggd e
WaeH BT T ABAYY &7 R el 3| SIS Sifae 3t Bt Sa-iepur Soif bt
JT T TR-3MTHHD, HH B Soll (R-SMAIHRT) ST Ia-1g Hyd faRyan
I6 TR T fafamon WR faforea sAfshn & Suaih s € | 39 RafeT THz pies
I B o SR gt et & fore aRor SagRitadr gict 8 oIk g fafta srorfaes goff sik
ST Sl (oI U & U 4 Bielt 8 S 9 dhadt e Wem & §R § Suanf g
SR &I JId & Sfed AUEHS T 3R TR =il & 4 SR &l g
T, guR fafts SR Srusl & SR & FieH yer ®a € ok areh @t g
@ T =iy 3R I T H GRac S TR R HIRG ddl & S Pl
M A § | THz 1T & T 31R TS [ARaT TR-¢aita ifenR, STeafaca 3R Ufdh
TR & T A RIS ReiTeg= 3R U6 B 3= ural ¢ Sl SidfRes aRag womelt &t
Tiferdt 3R TrZal B DI & QIS &1 Ul - H 39 AU Jad 3R SETd Sy
DI YRE B ¢ | SATG] BT HR1E70T, JR&T S 3R 50 gU SRART 3R fawhies! &t ugaH
BT 3o, 39 A7t & Sifgedia ok SRR 07 37 fafeon &t fiet &t srge™ & fo
TH HYH & §1d ¢ |

3T, STesE FaTTd 3R 1ol §g JErd i TR & THz fafewvur 1 sieds
AT THZ ffarR0r S0 3 & o &8 TaNTIcHes dapitah! SR Ygifaid aiieh! o1 UG R
forar man g foRe wieiAe iR Saaeia snutla did Wfid €1 widiepisiaed e,
P Ha AdefFdeH, AoR-TSHT FeXaRM 3R ATR-A-RCIR SeXaRM & ey ¥
ATeE R fhed ¥ THZ T BIafe smud Jid 81 T 3iifPwd die & grem & forg
3T SgFIa aTdt 2 o ofH & e o FARER a9 THZ S Bl 81 ToR-TarsHT
ECYaRM BT SUINT B a1 ITord [AfhR0T SIgRT ST H T el 81 Tobd &, 3R
THz fafaon &1 G B & ol Had $© o IRIHIR B IR IWRIad dh-iih
& U THRIAS Uer 8 | A-RgFaR IRl & Hraa § 31f¥es e # fafa Arud st & SR,
oR-AAREFR SevaRM & H1egH § THZ fafaor diet smafty e e dva Sl fganfig
THz faferor U %7 &1 U U T g |

A MY T H, TR -ARC TR S BT ITUNT B THZ fafezor ot Uit &
fore ue faft uRqa @ 71 |1 AwIse AH U (T aTel AT B U IR-YG HIeaH &
w0 ¥ O fosar omar g, SR fRUf &1 3R aiferes gurdard) s9m & forg, fafta foem
Irdl dF 3R T & Saaei- YHE! §RT &TE TY &l & dgTd b1 IR i} faarR forar mar




2| UwISe T B 3AfE IHT ST § adifch 31! WIRAM SR THz TR & 8l § S8R
D! GRITI fshecd IR & HRUI el Wi &b fAfist Febrdl bl HegH DT M
I | AU, =Mey Ty T YA 37600 U 0 3 fafdredn &3 7 39 SIUaNT & HROT
F3 3R Tgh=<1 THz fafesvur Iad a1 & 3¢-M1E grd § | 9fere, 3= el arel THz
fafaur Ia FHRA & TAN fhT U & St 9 dhadt g b=, IRad-1 SR =0 § sfew
Mgy & BRa Ay ot Bl e @l ufd & for, Ty (fven) wiufde Mikee
(CETSla) doR olF Y@, Sl g 30+ qucs] & e & YR TR fgA1d a1 Uep-
YT § SR TP AT foH &1 S{e-3eT 3THR § T 8 §, 31iq AR 3R
STIPR, b WY TS doR SH B fa= & HeY H S @i & & SeHT-3eHT Fhlal IR
faeR farar ma 31 AoR 9 F AUt & IR gwat & fow voislid dtw @ s
MR a1 uR- TR XaTs 8 uRad=ia g | Sdfoid THz ifedl & Smam 3R fRufd R
TR §19 & T-IRH XG0 & HRUT 91 B! Sl g | TeAT doR §iF & fdggd &8 & day o
SO Wl & WG B YfHHT B S Bt T3 g1 TIH & ATHR 37Ul MAdR
(CEEAYTEY) 3R STTHR (TEUT), 3faR-HU1 g3, U 3uTd &1 Ht Hoigd THz fafesor
T B & o T 71 51 ST B ST BT 3 de Heqd [hdT S 9ehdl § 1o &l
Tfea Bl AT b TSTgHM STSTT & HRUT UTT T ST 8 Sfd AoR] B YSeh 3Mafa
WA afT § A Tt 81 ST AATal, Tgh-oid THz Ioi- GHd § ofd T dTes!
Rifde faggd &7 &1 SWiad HiegH R aF] fhar S g | fafta THz e s Fmfo s da &
T1Y-1Y & & S TS 37eaTe (3Uiq difeTt iR ORkd &) &1 ue=f foar mar g1
Iford THz fafaull IR T18<T SeiaeRefc® &3 & i &t Wt I &1 718 §1 AHReaaR
DT YT B g B o I8, Ifold THz &1 B TRad GioH & RO DHR-]d TTHY
& mey B FAfod fear srar g1 SU% forg, aredt SadeRefe® &7 @t Juffa iR
SUTRYT o TTY-HTY G SIHT-3HeT 3MTep el H HR-RIed THUT a1t q1eqd W fawgd sreqa=
T T 8 | 31 WA TTUT TR BR-Xd A1 01 T SUINT HR- B Udh ATHIG [aRIvd1 I8
& for Iffd THZ fafaon 1 SR iR Ud & B & 3urd &1 dead e fbar o
1 g | Srord THz fafevull &1 teh feaay fagivdr g8 & f& 3 sgdfa, uRad=a
(e @ T-A1a 3R 39 fauia) oMk oy 81 adae orf FWR wifkrerst &
e 3R ITER & forg gHTdt =0 ¥ el o aifed T 3R I™foid THz fafdor &
3T BT &1 B W §THTAT &1 ST 51 o1 HI-d IRR DI dad AobiHd DITRIBISH B
¥ B & AL HRA Bt AR BR 3R A 1 B Seadh? TIU & Ja18 & % d
R i fear ST awar g |
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Figure 1.8. Distribution of electric field of the incident laser beams (in terms of Eo) with
different values of laser index and skewness parameter when n = 1.

Figure 1.9. Three dimensional representation of electric field of skew cosh Gaussian laser.

Figure 2.1. Distribution of electric field of the incident laser beams (in terms of Eg) with
different values of laser index and skewness parameter when n = 1.

Figure 2.2. Schematic diagram of the interaction of laser beams and medium containing
graphite NPs.

Figure 2.3. Variation of ponderomotive force with transverse distance Y / p fordifferent values

of laser index p, when (%) =0.4,b=2.0x%10"°mand s = 0.8. The medium contains equal

nOti

number of SNPs and CNPs.
Figure 2.4. THz field profile, showing the Multifocal THz emission, when <%) =04,b=
20%x107>m,p=6ands=0.8.

Figure 2.5. Variation of normalized THz field with normalized frequency, when equal number
of SNPs and CNPs with perpendicular or parallel orientations of basal planes are embedded in
the medium and, p=6, b =2.0 x 10~°m, (?) =0.4,y=11bands=0.8.
Oti
Figure 2.6. THz field profile for two distinct geometries of NPs (SNPs and CNPs) and their
nati

combination (equal in number), whenp =6, b =2.0 x 10~°>m, s = 0.8 and (—) = 0.4.

Not;
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Figure 2.7. Dependence of efficiency of THz radiation on the beam width and index of lasers
in a medium having CNPs and SNPs equal in numbers with the parallel orientation of their

basal planes, when (%) =04,y=11bands= 0.8.
ot;
Figure 2.8. Dependence of Efficiency of THz radiation on the geometry of NPs with the
parallel orientation of their basal planes, when (?) =04,y=11bands= 0.8.
ot;

4

Figure 3.1. Solid thick line shows profile of a hat top beam, whereas the dotted line
corresponds to the Gaussian beam.

Figure 3.2. Variation of ponderomotive force with transverse distance from the beam axis for
different values of incident lasers electric field, when w; = 1.884 x 10 rad/s, w, =
1.811 x 10 rad/s, h, = 57, and d, = 67, of the nanocylinders.

Figure 3.3. Variation of emitted THz radiation field with normalized frequency for different
inter-particle distance of the adjacent nanocylinders with their basal planes parallel to the
incoming electric field, when h, = 57, E, = 4.0 x 101°V/m, b=2.0 x 10°>mand y =
0.95b.

Figure 3.4. Spatial profile of emitted THz radiations with normalized distance from axis of
beam for different values of height of nanocylinders with their basal planes parallel to the
electric field of laser beams, when d,. = 61, E; = 4.0 X 101°V/m, b =2.0%x10"m, w; =
1.884 x 10'* rad/s and w, = 1.811 x 10* rad/s.

Figure 3.5. Variation of emitted THz radiation field with the beam width for different values
of incident lasers field, wheny = 0.95b, w, = 1.884 x 10'* rad/s, w, = 1.811 x 10* rad/s,
h. = 57, and d,. = 61, of the nanocylinders.

Figure 3.6. Dependence of efficiency on the normalized frequency for different values of beam

na,ti

width a, and ripple density, A = ( ) when d, = 67,, h, = 57, E, = 4.0 x 101° V/m and

nO,ti
y =0.95h. The medium contains only parallel oriented nanocylinders with respect to the electric
field of the incident laser beam.

Figure 4.1. Variation of ponderomotive force with beam width for different combinations of
coefficients of restoring force and damping constant when E, = 6 x 10°V/m,s=1,p =6,
y = 0.85b, .= 100 nm, r, = 50 nm, hg= 300 nm, h, = 150 nm, dg; = d., = 5, and w =
1.25 wy.

Figure 4.2. Variation of effective permittivity with radius of the core for different orientations
of basal planes when E, = 6 x 101°V/m,s=1,b=2x 10™>m,p =6, y = 0.85b, .= 100
nm, hy=300 nm, h, =150 nm, dgs = d s = 515 and w = 1.25 wy,.
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Figure 4.3. Variation of normalized THz field with normalized plasma frequency for different
combinations of coefficient of restoring force and damping constant when E; =
6 X 101°V/m,s=1,p=6,b=2x 10™°m,y=0.85b, 7, =100 nm, 7, =50 nm, dss = d s =
51, hy=300 nm and h, = 150 nm.

Figure 4.4. Variation of normalized THz field with transverse distance from beam axis for
different ratios of core to shell radiuswhen E, = 6 x 10°V/m,s=1,p=6,b=2x 10™°m,
w = 1.25 wp, dgs = ds = 575, hy=300 nm and h, = 150 nm.

Figure 4.5. Variation of normalized THz field with effective permittivity for different ratios of
core to shell radius when E, = 6 x 101°°V/m,s=1,p=6,b=2x 10™°m,y=0.85b, w =
1.25 wy, dgs = ds = 515, hy=300 nmand h, = 150 nm.

Figure 4.6. Variation of normalized THz field with radius of the core for different values of
shell radiuswhen E, = 6 x 101°V/m,s=1,b=2x 107°m,p=6,y=0.85b, d;s = ds =
575, hy=300 nm and w = 1.25 w,,.

Figure 4.7. Distribution of efficiency with beam width for different values of the ratio of inter-
particle distance between shells of the NPs and radius of the shell when E, = 6 x 101° V/m,
s=1,p=6,y=0.85b, hy=300 nm, h, =150 nm and w = 1.25 w,.

Figure 5.1. Schematic of excitation of THz radiation in presence of external periodic electric
field via interaction between laser and medium containing spherical and cylindrical NPs.

Figure 5.2. Behavior of beating and induced force with transverse distance from beam axis,
when ng;, = 0.45n,,,b=1 X 107°m,s=0.5w = 1.25w,,, dsti = dcti = BFsti , eti = 4 reii and
p=6.

Figure 5.3. Dependence of the induced ponderomaotive force with transverse distance from the
beam axis for different values of laser index and skewness parameter, when n,;, = 0.45n,,,
w = 1.25w,, Osti=deti = 6rsti, hei=4rgiandb=1 x 107> m.

Figure 5.4. Behavior of induced ponderomotive force with transverse distance from beam axis
with either parallel or perpendicular orientations of basal planes with respect to the electric
field of the incident laser beam, when ng,, = 0.45n4;,$=0.5,p =6, w = 1.25w,,, dsti = deii =
Brsii, hei =4 riandb =1 x 107> m.

Figure 5.5. Distribution of beating and induced field with transverse distance from beam axis
for parallel orientation of the basal planes of the NPs, when n,;, = 0.45ny,,,b=1 X 107> m,
$=0.5, w = 1.25wy, dsti = deti = 6¥sti , Neti = 4 reii and p = 6.

Figure 5.6. Variation of beating and induced field with normalized frequency for only parallel
orientation of the basal planes, when ny, = 0.45n4,, b =1 X 107> m, s = 0.5, y = 0.8b, dsi
= deti = 6rsti , Neti = 4 1 and p=6.
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Figure 5.7. Variation of induced field with transverse distance from beam axis for different
orders of incident laser beam when ny,. = 0.45ny,, b=1 X 107> m, s = 0.5, dsti = dcti = 6rsi
,heti =4 reiand p = 6.

Figure 5.8. Variation of induced field with normalized frequency for parallel orientation of the
basal planes with respect to the electric field of the incident laser beam when n,;, = 0.45n,,,,

b=1 x 1075m,s=0.5,y =0.8b, dsti = dcti = 6rsti , Neti = 4 reri and p = 6.

Figure 5.9. Variation of induced field with beam width for different values of ripples in the
density and magnitude of external electric field when s = 0.5, y = 0.8b, w = 1.25w,,, dsii = dei
= Brsti, Neti = 4 reri and p = 6.

Figure 5.10. Distribution of induced efficiency for different heights of cylindrical NPs and
inter-particle distances between NPs, when n,; = 0.45nq., b =1 X 107°m,s =05,y =
0.8b, w = 1.25w,,, dsti = dcti = 6rsti, heti = 4 reii and p = 6.

Figure 6.1. Distribution of beating and induced force with transverse distance from beam axis,
when Eo =6 x 10"°V/m, E;, =4 X 10°V/m, s = 1, p = 6, nge, = 04504, b = 2
X 107>m, r,= 100 nm, . = 50 nm, hg= 300 nm, h, = 150 nm, d,, = d. = 5r;and w =
1.25 w,.

Figure 6.2. Variation of beating and induced force with beam width when, E, =
6 X 10°V/m, Eq, =4 x 10°V/m,s=1,p =6, ng, = 0.45nq,,,y =0.9b, ;=100 nm, 1,
=50 nm, hy=300 nm, h, =150 nm, d;; = d.s = 51z and w = 1.25 w,.

Figure 6.3. Distribution of beating THz field with normalized plasma frequency for different
ratios of aspect ratios of core, when Ey = 6 x 10'° V/m, Ey, =4 x 10°V/m,s=1,p =6,
b=2x 107°m,y=0.9b, , =100 nm, dg; = d.s = 575, hy=300 nm.

Figure 6.4. Variation of beating and induced THz field with normalized plasma frequency
whenEy =6 x 10°V/m, Eyp, =4 x 10°V/m,s=1,p=6,b=2x 10™>m,y=0.9b, 7, =
100 nm, . =50 nm, d,; = d.; = 575, hy=300 nm and h.= 150 nm.

Figure 6.5. Distribution of induced THz field with external electric field when E, =
6 x 101°V/m,s=1, w =125w,, p=6,b=2x 107>m,y=0.9b,ds = ds = 57, hs=
300 nm and h,.= 150 nm.

Figure 6.6. Distribution of 11 peak (transverse resonance peak) of induced THz field with inter-
particle distance between NPs when E; = 6 x 10 V/m,Ey, =4 x 10°V/m ,s=1, 0w =
1.25 wy, p=6,b=2 x 10™>m,y = 0.9b, hy= 300 nm and h,= 150 nm.

Figure 6.7. Behavior of induced efficiency with external electric field for different values of
laser index when, E, = 6 X 10° V/m,s=1,y=0.9b, r, =100 nm, 7, = 50 nm, h¢= 300 nm,
h, =150 nmand w = 1.25 w,.
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List of Symbols

T Wave number of density ripples
[0 SRR Restoring force coefficient for CNPs
Qgevnranrannnnnn. Restoring force coefficient for SNPs

(OO Denotes configuration of basal planes

Electric field of skew-coshyperbolic Gaussian laser beam

IEETPTRTRIR
Eprioiiei, Electric field of external electrostatic field

ETHZ. vevvr....Electric field of emitted THz radiation (Chapters-2,3 and 4)
Egoovvveniinninl Peak amplitude of Laser Electric field

Eop..............Peak amplitude of external electrostatic field

EOTHZl .......... Beating field (Chapters-5 and 6)

EOITHZZ..........Induced field 1(Chapters- 5 and 6)

EOITHZ3..........Induced field 2 (Chapters- 5 and 6)

) PP Permittivity of cylindrical NPs

()i, Permittivity of spherical NPs

Eeaneineannns Permittivity of the core

O Effective permittivity of the medium

EReveneeiannens Permittivity of host medium

Egueanneniannens Permittivity of the shell

(€S)euinini. Permittivity of cylindrical core-shell NPs

&s(€S)eunnnnnnnn Permittivity of spherical core-shell NPs

gfree ... Permittivity of free electrons

Epjenrenennnnnenns Permittivity of bound electrons in particular orientation of basal planes
ghound .. Permittivity of bound electrons

1/ P Efficiency of the scheme

Ninduced- -~ Efficiency due to induced field

A Ratio of density ripples and the density of the conduction electrons
XNL Position vector of electron cloud due to ponderomotive force

[ PO Beating frequency of the lasers

Wjeoirainannnnn, Angular Frequencies of first and second incident laser
Wpevovnannnnnnn, Plasma frequency of electrons

Wpy wvnevnennnnns Plasma frequency of electrons in particular orientation
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Kevorooiiiii Beating wavenumber of the lasers

kjoooooiiii Propagation vector of laser 1 and 2
kyoooi Modified wavenumber of beating field
Ky Modified wavenumber of induced field 1
Koo Modified wavenumber of induced field 2
Q...............Symbol defined in the respective chapters
Veoreoraraaannns Damping constant for cylindrical shell
Vsereareannannans Damping constant for spherical shell
Yop-------.-......Per10dicity of external electrostatic field
| T Damping due to surface scattering of conduction electrons in the shell of NPs
| Bulk damping coefficient
Fappoeeeeeennnes Bulk damping coefficient in particular orientation of basal planes
| Damping due to scattering of an electron by another one in a bulk lattice of
metal
Damping due to interaction of conduction electrons with metallic lattice
Damping due to radiation of accelerated electrons
Tsurf-............Damping due to scattering of surface electrons
| T Denotes two kinds of lasers (laser 1 and 2)
TV, Nonlinear current density
NE .............Nonlinear current density due to beating of lasers (Chapters- 5 and 6)
[P Nonlinear current density due to coupling of laser 1 with external field
[ Nonlinear current density due to coupling of laser 2 with external field
Civeeeeannenenn Symmetry axis normal to the plane inside a nanoparticle
< W, >.........Average energy density of incident laser
< Wry, >......Average energy density of the emitted THz field
Aegererneannnannn. Inter-particle distance between two cylindrical shells (Chapters- 4 and 6)
7 Inter-particle distance between two spherical shells (Chapters- 4 and 6)
det;e---... .o Inter-particle distances between any two CNPs in a particular orientation
dst;-----.........INter-particle distances between any two SNPs in a particular orientation
N....oovverneennee.Order of the laser beam
Mgeeeennennennnn Density ripples in the medium
Mpeneennannennn Macroscopic density of CNPs
Tpgeernnennnennnn Macroscopic density of SNPs
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Mgerennannananns Total macroscopic density of the NPs

Tt eevenennnnns Total density of the NPs in a particular orientation of basal planes
n Modulation in the macroscopic density of each kind of NP

[ JOTRU Lasers’ index

P, Symbol defined in the corresponding chapters

Joooiiiiinian, Volume fractions of the core (Chapters- 4 and 6)

) AT Volume fractions of the shell (Chapters- 4 and 6)

fetjoeveremneenn Volume fraction of CNPs in a particular orientation (Chapters- 2,3 and 5)
fstyorrenernnemnnn Volume fraction of SNPs in a particular orientation (Chapters- 2 and 5)
() Ponderomotive potential

FNL.............Nonlinear ponderomotive force

13,9’; .............. Y-component of nonlinear ponderomotive force

FNE Ponderomotive force due to beating of lasers (Chapters- 5 and 6)
FRE,.............Ponderomotive force due to coupling of laser 1 with external field
FNko.............Ponderomotive force due to coupling of laser 2 with external field
FEL o, Z-component of nonlinear ponderomotive force

| Beam width of the laser beam

Beooviiiaiianinnnn Permittivity constant for CNPs

Boeoviiiiaiinnn Permittivity constant for SNPs

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

7; .................. Position vector of the electron cloud due to laser 1 and 2
Tseveererennnon.Average radii of shell (Chapters- 4 and 6)

FCCenennennannnns Average radii of cylindrical core (Chapters- 4 and 6)
FCSeeneannnnannnnn Average radii of cylindrical shell (Chapter- 4 and 6)
[ Average radii of spherical core (Chapters- 4 and 6)
FSSeeneenennannanns Average radii of spherical shell (Chapters- 4 and 6)
Ttyorrrnnnnennnnn Average radii of CNPs (Chapters- 2,3 and 5)

Tgtyererennnerennn Average radii of SNPs (Chapters- 2,3 and 5)

P Symbol defined in the respective chapters

Apeveiiiiinnin, Mean free path of electrons in the shell

(77 SOURRTI Fermi velocity of the electrons

V................0scillatory velocity of electron clouds due to laser 1 and 2

N ............Nonlinear velocity of the electron cloud

vl Y-component of nonlinear velocity

Vo 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

Reooovinninnnn. Height of the core (Chapters- 4 and 6)
Rgooovivinin, Height of the shell (Chapters- 4 and 6)
Retioveennnnnnnns Height of the CNPs in a particular orientation (Chapters- 2,3 and 5)
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List of Abbreviations

1D

2D

3D

BCS
BCWC
BWO
CNPs
CPA
CVvD
CW
DNA
EM
EMR
ES
FDTD
FEL
IMPATT
ISO
LAN
MATLAB
NDT
NPs
NRs
PCA
PM

QD
SCGB
SNPs
TCI
THz
THz-TDS
TWT
UGC
US-FCC
VED

xx|Page

One-Dimensional

Two-Dimensional

Three-Dimensional
Bardeen-Cooper-Schrieffer Theory
Body-Centric Wireless Communication
Backward-Wave Oscillators
Cylindrical Nanoparticles
Chirped-Pulse Amplification

Chemical Vapor Deposition
Continuous Wave

Deoxyribonucleic Acid
Electromagnetic

Electromagnetic Radiations
Electrostatic Field

Finite-Difference Time-Domain

Free Electron Laser

Impact lonization Avalanche Transit-Time Diode
International Organization for Standardization
Local Area Network

Matrix Laboratory

Non-Destructive Technique
Nanoparticles

Nanorods

Photoconductive Antenna

Particulate Matter

Quantum-Dot

Skew Coshyperbolic Gaussian beam
Spherical Nanoparticles

Terahertz Chemical Imaging

Terahertz

Terahertz Time- Domain Spectroscopy
Travelling-Wave Tube

University Grant Commission

United States-Federal Communications Commission
Vacuum Electronic Devices
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