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ABSTRACT

Itr this thesis, we have studied thc linear properties of mgnetohydrodynamic (IvtrD) warrcs in

degenerate plasma coryoscd of thrce species; electron-posihon-ion (epi) by considerirU

Bohm potqtial, tenrperature dcgsneracy and spin magnctization A generalized dispersion

relation is derived rsing quanfium magnetoh5rdrodynamic fluid mdel. Perpcndicular and

obliquc propagation modes sf masn€tsacoustic waves arc investigated. It is notd that spin

magnetization and degree of ubihary tenpe,raturre mdiry the dispersive properties of the

waves. The resufts of this investigation are beneficial frr gnderstqnding tbe ollective
phenorneira of space and asuophysicalplasma.

Similarly, MHD wavcs are also studied in quantum degenerate electron- ion (eD plasma with

strong nagletic field in the presence of degc,ntrde pressurc due to Lardau diamagstic levcls

md Pauli spin magnetization A lin€ar dispersion rehtbn of low frequency prropagation wave

in the dir€ction of rrcgn€tic ficld is derived that sEongly d€pcmds on the magnctic field while

in classical regime this field has no such a role. Quatrum eftcts are incorporded though the

Iandau pr€ssure due to Iaodau quaotizatbn ef megnetic ficl4 magneizarian €n€rgy linkd to

spin mtion ard Bohm potcmtbl Neff mdcs of wave propagation associatod with
quadization of orbital mtion and spin magnetization in quantumplasrnas are analyzod. It is
fuind that spin magnctization cncrgy and quatum acoustic velocity affect the Alfren mode
propagsion The currem shrdy in the context of spin rnagneization along with Iandfli
dirmagnetic prcssure is $fficicot fur inve*igding thc coryact astrophysical systems srch as

neutron strs and white dwarft.

Morover, the gem€maliz6fl di$ersion rclation fur the popagation of MHD waves in Cd* ion

trrypd semiconductor eloc'tron-hol+ion plasmas is strdid with effwt of quamum

correc'tions. The iryortm furgrcdids of thesc corretions occurr€d due to Bohm potentlal,

relativistic degeneracy, exchangeorrclation potential ard spin rrrgrr/';izuition and have

significant iryact on the di$ersbn proeertles of papendiorlar and oblique modes of MHD
wave. Thc dcrivd re$ts are mmerically analfzd by using the rumerical paramcters of
CraAs, GaSb Gal',I, aod InP semiconductors plasmas. From the rumcrical analysis, it is
obsenred that for high€r rumbcr density, the phase speod of mqgnetosonic wave is larger frr
the InP semicondrctor, while for low numher density plasma regioq it gives lower rahres frr
GaAs s€miconductor. Similarlythe phase speed of magnetosonic wave in GaAs drcreases with
applied magnetb field br differem regime of nrmber density. f,lue to €xchangp-correlation

potdial it is burd that thc frcquencies of magnetosonb wav€s are bhre-shifted reans that it
has maonified thc phase speed. It is also shown that frequmcy of obtque MIID wave frr
GaAs semicomfirc'tor plasnus increases (dccr€ase$ with number dmsity of electrons (holes).-

The relativistic degeneracy term (7) for given number density is numerically calculated "
(1.00011-1.0058) for dl the abovc-medioned semiconductors. It is obsared that due to its
mild numerical value it has not significant iryact on graphbal manipulation The Alfveir

vt
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a
speed for above compound semiconductors with Bo < l0'G is also calculated which exits in a

permissible range of order l0' clnls to 107 cm/s. The rtsuhs are he$firl to understard the

@Gryyffisport in semiconductorplasma inthc presence ef magndic field.
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Chapter 1

lntroduction

1.1 Plasma Physics

The word blasna" oomes from the Grcek which lllerns something forrred c molded.

It was introduced for the firet time in 1929 by Tbnb aad Langumir to descdbe ionized

gases. Ionized mears that when an electron is stripped off from a siguifcant fraction

of a molecule. The diftrence betweeo a gas and plasma is the preeence of elestrostatic

force a,mong the charged particles thot cannot be ignored in th€ study of dyna,mics

of plasma. By applying of magnetic field a Lqentz force is also dorcloped which

leads to many novels and spectacular behavim of plasma. Plasma is considered as the

foruth state of matterr. The basic distinction arnoqg the three states of matter (solids,

liquids and gases) lies in the difierence betnrcen the bindiag focee that hold together

their corctituent particles i.e., atoms and molectrles. Wheo a solid or liquid is heated

suffciently the atoms on molecules gain more thermal kinetic en€r5r that overcomes

their potential binding en€rgf and phase transition oocurs. Therefore, at high elevated

temperaturee an ionized gas or plama (rccurg

Thrce ftuda,mental parametm of plasma are girrcn as below

i. the plasma deDsity n (that's measured in particleo per orbic meter ),

id. the temperature of particle (tbat's meaflr€d in eV, leV :11605 Ib,
iii. the rtratris magnetic field Bs (thst's measured in Tesla).

Other parauretens, e.g., La,rmor radius, Debye length, th€rmal velocity, Cyclotron



U frequency and Plasma frequeocy are derived from the above para,mete'rs. One of the

mrin propentie of plasma is collective behcvior that differentiates it from a neutral

gas. Particles in netrtral gas interact only througfu collisions, which involrrc shct range

Vander Walls forceE. Au independent straight path is foltored by theee partides from

the other neighbchood particleE. On the other hand in plasma, situatiou is quite

different where interaction betrym chsrged particlee involves the long range Columb

fmce and at the sa,me time a charged particle intenacts with se"rcral other particles.

Consequently, plasma shocro an imnediate leactiotr to an octernal pentrubatiou which

is recognized as eollective behavic. Debye shieldi4g is mrin feeture of plasma which is

the ability of plasma to rcduce etectric fields effectirrcIy. Wheo a test charge (positive

charge) enteree in to plasma, the particlea of plasma will try to ueutralize the erffect of

this test charge bV confniqg its electric field to a specified distance which is knonn as

D"hre length represented by .tro. In plasma, the test charge is surroutrd€d by electrons

while ions feel repulsirrc force. Debye length ()pr) is an important para,meter of plasma

which is grv€n bya

(1.1)

where na is equilibrirrm asp!61deosity, 7L is the eletron terrperrature, es is permit-

tivity of free space, e is the elementary electronic charge and Ks is the Boltzmann

constant. This shieldi4g process (non-static) depends on the thermal energf of el*
trons (and ions).

Arcther property of plasma is the quasineutrality which is mixtue of electrons and

ions that is not etrictly neutral but lile Dehrc length its deviation from ueutrality can

occur at short dista,rce. Hocev€r, at lengths laryes than Deb5rc length, the plasma

mnst be quasinetrtral i.e., n56 N rt66 (the unmber of positive charges is almat equal

to negative chargeE). This quasineutrality occurs due to collective behsrric of plasma

alxd is a defining propenty of classical plasna" Fc $nall perturbations, the electrons

must attain the new equilibrium by getting its new poeition at Debye leogth )D".

The probable time taken by electrons is r = \o.lorn with the thermal *o"lo"ity r+r,"

, tffiADc: tlW,



* e\r@). The reciprocal of response time ig tem€d plasma frequency ul. and

is the basic plasma para,meter

@p.: (1.2)

that shoc,B the hrpical electron ccillations with a f:red background of ims. On the

basis of abovedefined plasma pa,rameters, we have three basic conditions fu a gas to

be in plasma state.

(i) , >> l;p (eize of plasma .C must be larger than the Debye leogth) in order to

satidy the quasineutrality condition.

(id) h Dehre Ehielding, number of charged particlee must be large Np >> 1 so that

plasna behave in a collective uranner.

(iii) w* >> ae i.e., the plasma frequency ar. must be greater thrn the collisional

frequency u- so that the ionization rate is greater than the combinatiou rate.

L.2 Multi-Component Plasrna

Mostly in plasma, we focus at the contribution of negatirrcly charged electrons and

positively charged ions. Hmaer there are also sme other charged species that eldt in

it, e.g., pmitrms, uegative ions, negatirrc drut, positirrc dust etc. Such type of plasma is

knoum as multi-cmponent plasma. Details of some ['pes of multi-component plasmas,

studied in our research work are given below:

1.2.1 Electron-Positron-Ion PLasma

The plasma state has receiv€d a remarkable attention in the field of physice due to the

fact that most obeervable etate of matter in the universe exists in ionized furm. Due to

this atterntion, the plasma phyeics has opened up various nen'scientific and industrial

applications. Anong the dassification of plasma, the pair-plasma coafniniag claryed

particles in the form of electrons and pcitrons is unique in its neture ana existen;. ft

iB believed that early universe eldstd in pair plasma state [ ]. It is also obvious that

,a



+ such a pair plasma consists of sore nuclei (considered to be ions) in the Uarlgrouna

lXr making it tbrce compmemt plasma hwn as electron-poeitron-ion plasma. The

addition of ions makes the three component plasma diftrernt from the pair plasma and

introdgces sorne new modee of progatiou. This thrce component of plasmas occur

iu eolar atnosphenee [ ], galactic nuclei [ ], pulsars and neutron star's eurrironment [ ]

etc. Electron-pcitron-ion plasoa can also be found iu astrophyeical jete of quasare and

blaza,rs [ ]. Th" foroation of this tSpe of plasma is also detected in the magnetotail

of the earth where electrons and positrons from the pulsars a,rrive and inteEact with

the electron-ion plasma in this region [ ]. Sareral orperimeutal [ ] ideas have been

introduced to produce the electron-pcitron-ion plasma at laboratory let/el tttroqh

strolg ssd high frequency las€rE, h lbkonaks with the application of bea,m-plasma

system t ]. Th" electrou-poeitron-ion plasma has dirrcree applications and especially in

the understanding of astrophyeical objects. The study of pulsars is the fiEda,mental

application of electron-pcitron-ion plasma, which providee the basis for underrstanding

the phenomena occuning in distant astrophpical objects. The study of neuhon stars

consisting of this thrce compouent plasma can prwide dirrcrse applications in the field

of solid state physics, where matter with high deositiee and strong fields are iryolved. It

is thoqht that the deep study and understanding of pair plasma or electron-positron-

ion plasma may provide uraye to realize the cocepts about the earlier universe. While

the electron-pcitron-ion plasma orperimentally may help out to achieve

astrophysical like conditios at laboratory environments.

1.2.2 Electron-Ion-Hole Plasma

The moet siguifieaat orample of plasma is electron gas in an ordina,ry metal, where

rnlence electrons gnnnst be bound to any specific nucleus, but rather they behave

lile a gas particlee that's why a metal is a good conductor. Moreover, at a,mbient

tenperature and hnplcat dcosity, quantum effects can no louger be ignored. Thus elec-

tron gas atong with lattiae ions in a metal makes a real qo"of.in phsma. Similarly

s€micouductor physics contributes another possible application of quantum plasma"

[ , , , ]. Though electron dersity iu semiconductor materials is comparatively

J
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a legs than iu metals, the quantum effects are imrcstigated due to the emergiag of minia'

turization of electronic devices. The electron-hole (eh) plasmas can be produced by

interaction of short las€r putseg with matter where electros gsined enersl dudng

interaction from valence bad (V.B) and j'rmF to conduction band (C.B) via absorp

tiou of single (u multi) photon dependiug upou band gap en$gy Et(\ and that

of photou energy. As a result of electrons transitiou holes afie created h V.B [ ].

The etectrons and holes fluids in semionductu behave as quautum plasma under the

conditiou Tr.J, 2 ?",6 and they obey F.D statistics. Likemrise, quantum effects be

oorre rr(me eesential in semiconductm at such a snall space scales i.e., the de Broglie

wavelengths associated with the electrons (and holeo) are oomparable to their a\rcrage

inter-particle distanceE. For firrthen manufactruiag of modified eemicouductor dwiceo,

iou-implantation techniques are generally emplqrcd in which ions in hmt matenialg al-

ten their characteristics through introduction of metal ions (such E R+, Cu+, Ag+

etc.). In the recent past, im-implanted semiconductor (IIS) plasmas harrc been ear-

plced [ , t ,t ], where quantun effects were studied. AIso, Cd+ ion trapped

in semiconductor galliun-arsenide (GaAs) heterctructure chip has been fubnicated

[ ] which grnes an interestiag opportunity of three specieo electron-holeion (*h-i)

eemic@ductc magnetoquantnm plasmas to determine their quantum collective effects

on dispersirrc properties of magnetoeonic propagation waves. In the last chapter, we

have studied the linear dispersirrc propertiee of low frequ€ncy uagnetoamustic warrcs

in sgit-L/z semicotrductor quantum rnrgnetoolnqmrr (GaAs, GaSb, Gat[, and InP)

takiqg into account the degenerate relativistic and non relativistic presErue with Bohm

potential as well as exe,hangecorrelation poteutial.

1.3 Premier of Quarrtum Plasma

Generally, plasma is divided into tcrc ty?es, classical plasma and quantum plasms.

Classical plasma is d€fined on the basis of lonrdensity and high temperatue while on

another hand, quantum plasma is charactedzed by hrgh density and lon' teurperature.

The quantum mechanical effects can be obeerved in astrophysical objects (e.g., white
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dx,arf, neutron stars, pulsars, magnetars, black holee et".) [ , , I as urcll as in eolid-

state objects (e.g., semiconduc"tore, metals, nanostructrues materials etc.) [ , ]'

The quantum €ffbcts play an important role when the average interparticle distance

(n-Va1 is comparable to the de Broglie's wavelength, (ls) i.e.'

where

n,$ > t,

^r:h-

(1.3)

(1.4)

V*: t@is the th€trmal speed with? (tempenature), .[(s (Boltzmann constant)

and m (mass of the quantum particle). Tbe quantum efiecte may appear when the

Fbrmi temperature ?p becomes equal or greater than thermal temperature ?, we then

have a relation

Ep(= K sTp'1 : fr@o'1213n2t3,
(1.5)

of Fbrmi ilergtr, .Ep in terms of.Tp. Ibr te,mperature condition oi,Tp 2 ? the Ma,xc,ell-

Boltmann (MB) distribution e.hanges to Ebrmi-Dirac (FD) distribution. Therefore

another dimeosionless quantum degerneracy para,meter " (:T) may be described as

" 
:+ : 

f,{uTts(n\Nryztt.
(1.6)

This para,meter quantifies the quantun regine in the limit raoge o ) | and its more

detail is given in dapter (3). In other vrcrds at very low eystem temperature as

compa,red with trbrmi Tbmperature i.e., ? 4 Tr the therrral euergf may be ignored

and in this Eitustion, tlryical velocity is cdld Fbrmi velocity which can be defined, by

or: ,f-ru: L1&rznyus.
Ymm-

(1.7)

Iu term of plasma frequency and'Fermi velocity, we obtain tlpical scale teogth (lensth

of electroetatic screeoiry) )r" as
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V.
(1.8)

The qnantum coupling para,meter gq is the ratio of iuteraction ercrgy Ei (: ei b

the average kinetic enerry E1

Ei | 1\e
sq: d - \;f[/ (1.e)

Plasna may be treated as quantum in nature when itg partidea aignificantly a'ftct its

nacros@pic properties. Fon oo,mple, ministurization of semiconductu and metallic

structures to naoo scales (thin metallic fflms, nanonrircs, quantum dots) has reached a

stage where the quantum tunneling erffect of charge camiere he. a substantial infltrernce

on collective plasma pnocess€s in euch stinrctures.

L.4 Application of Quarrtum Plasma

Quantum plasma physics is a nemr reeearch field which is rapidly grown in reent years

because of its potential applications in different areas of research. Quantum plasma

is usually used in quantum semic@duc"tc (diodes), quanttrm dots [ ], nano wires

quaatum computens [ ], -i*o plasma, laser produced plasma, ultra cold plarmra,

ultra.smsll electronic components, bio photonics [ ] tnd iu compact astrophysical

objects (supernoua, neutron stars, blarck hole etc.) [ ]. Similarly quantum plasma

composed of electrm gas along with ions that exists in ordinary metals and metallic

nanoetructules e.g., nanoparticlee, metal clustere and thin petal fflmr. Mmeover,

quantum plasua orists itr quantum s€miconductus and Laser produced plasma which

is briefly discussed application wise as follow:

1.4.1 Semiconductor Plasma

Th€ field of semiconductor materials providee another probable application of quan-

tum plasma. Recently the quantum electron-ion (ei) semiconductm has been studied

by viewing the quantum effects i.e., quantum turnelirg and quantum degeneracy pree.



'v sure, which arise due to the Pauli's errclusion principle and the tleiEenberg's urcentainty

principle. Th€se effects play an important role in the behavior of electEonic device8.

Qgantgm nechanicat efiects become prominent when the de Broglie's wanelength a+

socisted with e,harge carriers (electrons and boles) become oomparable to the spatial

variation of the doping profilea [. ]. It" de Broglie's uravelength is given by the r+

latio, \o : h). Quantum effects start playing a significant role when the de

Brogtie's vravel€ngth is conparable to the interparticle distance of plasma Is - d a,nd

the plasma will be onsid€red as quantum plasma which meana that tbe plasna is high

dense. Otherq'ise the plasma will be treated as in classical nature. In other wuds we

can also say that if. T < 
"r 

then the plasrra behaves as quantrrrn nature. Accord-

ingty for T << Tp, the plasma is so iu dense forrr that all the particles of plasma are

considffed dimeusionally like as Broglie's uavelength.

In quantum semiconduc'to plasma, the charge carriers due to the Pauli orclusiou

principle obey the F.D distribution rather MB distribution. (The F.D digtribution is

used for fermion particles e.g; electrons, protons, neutrons etc. follow both Heisenberg

unoertainty and Pauli Brclusion Principle. Itr this distdbution the partides have fermi

erergf Ep i.e., the energr of the highest occupied state at absolute zero temperatrue.

Thercfore at abeolute zm temperrature, fermions will fill up all anailable erergy stateE

belour a ler/el E5' with one (and only one) psrticle according to Pauli Erchuion Prin-

ciple. At higher temperature, s(urle partidea are elevated to lerrcl above the Fhnmi

level. On the other hand MB distdbution can be used for bmons e.g; photons, bo6ons,

gluons, graviton etc. These particles hsve thermal energy h. They follqr Ileisernberg

uncertainty and not follonr Pauli Erclusion Principle). These quantun semiconductor

dwicee are fike resona,ut tunneliag diodes, high-electron-mobility traasistm, or super

latticrs t ]. Though electron d€nsity in ordinary semicorductor materials is compara.

tirdy lese thnn in metals, the quantum effects are investigated due to the emerging of

miniaturizatiou of electronic components. Tb detect frequency shifts due to quantnm

- effects, X-ray Ttomson scattering ia high energf density plasmas provide orperinental

techniques for acmsing Darrof,' band width epectral li"o [ ].



Y 1.4.2 lraser Produced Plasma

The rapid development of laser technologr providee an excellent opputunity to con-

etruct a high powEr laser source a{f[ high intreDse bea,m. This high pof,rrEtr laser pulses

will open a nemr window dF"aling with interactiou of laser bea,m with plasma in the

relativistic and quantun regime. Theme a,re a lot of physical linear and uon linear

phenomena which are the subj*t intercst in the theoetical iuvestigations. Thee

phenomena contain self foucruing laser bea,m in quantum plasna [ ], las€r fla,menta.

tion [ ], linear and non linear electratatic warrcs [ ] a"d electromagnetic weves [ ],

Cterenkot'bea,m instabilitiee in quantum plasma [ ] ,"d modulation instabilities in

the intenaction of laser bea,m with relativistic quantum plasma [ ]. Semiconductor

provides a less orpensive mediun to model the phenomena in which laser produced

plasma hes been found. When a bea,m of laser is iDcident on a semiconductor maten-

ial, electrons will orcite from vatance band to couduction band with the absorption of

photon energf. This hter band transition of the eleclrons createe holes iu the valenec

band, and this etate may satidy the plasma oondition to produce electron-hole plasna.

1.4.3 Dense Astroptryrsical Plasma

Quantum plasna has a verity of applicatious in dense astrophyeical objects, compooed

of degenerate partidee as well aa non degenerate partictee. In quantum plasmas, the

elestron and positrons/holee are assum€d to be degenerate while the ions a,re presen ed

as ru)n degenerate particles due to tbeir much emaller deBroglie wavelength in cme'

lation with thermal electrons. The dense astrophysical objcts a,re discussed below in

detail.

White Dwarf Star

A white dwarf (WD) star is basically a longdead high d6sse sta,r that is formed through

the evolution process of intermediate mass stars like Sun. Duing the whole evolutiou

proceEs period at about ofsevEral billion years, the star losee its original mass through

stella,r winds and becomes in cool and dense form. Iloqurcr such a star at the end

-



v of burning stage remains hot core (" > 1d*) called lloung WD. The mass of WI)

is not 6s high eoough as that of netrtnon star and blarck hole. Generally its mn"s i8

comparable to that of sutr while ite rrclune is coDsidercd the sa,Ee as that of earth.

A WD nndergoes gravitational collapee when ite mase orceed.ed b Mwo: l.4M*

(knmrn as Ctandrasekhar liniQ. lVD sta,r is so cslled becatrse of its whit€ color that

has low luminoeity. ThiB t,?e of star is in \rdrctatic equilibriun which is due to the

etectnou degeneracy of pressure. necemtty, strongly mqgnetized WD and its instability

due to nudear prooesses have beeu studied by Otouiel et. al [ ]. Matly \MDs made of

tuq/gen, carbon, c helium which pcsessee central dernsitiee up to - lglrg 6rn-3. The

obe€rved surface uagnetic fields are from 1dG to 10eG. On the other hand, iu the

fra,memrcrk of both Nerwtonian gravity and general relativity, amlytical and numerical

calfllations, show thot WDs may have hterDal magnetlc fields as large as 1gt2-t6@

[,].
Due to quantnm mechanical propertiee, the etructure of rffD gtar has a fascinating

featrue inwhich electron degeoeracy pressure (a phenomenou deEcribed by the Pauli

orchrsion principle) against of its collapse [ ]. Other attractive property is that the

electrons are fmced to squeeze with iucreasing mass of star and as a result the radius

of star decreases. The equation of state is modified through the incmpcatim of ad-

ditional factm aseocisted with time period of rotation. Itr thiE model the restoring

force is applied due to the thermal electrons while ions are treated as inactive parti-

cles. Diffenenrt modes such as pmode (propa,gating acoustic mode) and g-mode ($avity

oscillatiou modes) have been theoretical studied [ , ].

Neutron Star

A neutron star (Ml) is a colla@ core of very high dense giant star which has the total

mass itr the range 10 - 25 of solar mass. In fact this tlpe of star ha. a massirrc amount

of neutrons in its core that's why it is called Ntl (* also known as grant nuclors). It

collapees so much that electrons and protons combine to fcm neutrons. Therefore this

system object has a high a,mount of neutrons but very slight variatiors of protons as

well as electrons which are a clear evident of ite neutralized matter. Theee stars contair

t0
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Figue 1.1: White Dwarf

iron element as a main component, but tbe outer layers above of the core of iron lalrer

are cmpooed of lighter elemente [ ]. A NS is partially suppcted egaiost fiuther

collapoe by neutron degeneracy plessure, just as WD staf, is supported egainst collapee

by electron degeneracy plessure. Moteoverr, due to high dsnsiW of NS, it has intense

gravitational and magnetic fields. The maguetic field of NS can be a billion times the

nagnetic field on the surface of Earth. Usually, a huge dense NS may collapee into a

blar& bole and disappeared itself.

Ftgue 1.2: Neutron star

The temperature of a newly formed NS iE in the range of 1011 - 10u*. Ilourever,

a,fter a fem' years its temperature falls to 100It due to the emission of huge number of

11



Figrrre 1.8: Magnetar

neutriuoe [ ] ,nd at this lower range of te,rr,perattrre, most of the light generated by a
NS is in X-raye. The magnetic field streqgth on the surface of NS ranges from lgE to
1015G [ ].

Pulsars aad Magnetars

Generally NS is abort 2f,lm (l2.lmilec)'ndiameter and one sugar cube of its material
has weigh about lbdllion tone (ot L trillion xg) @our Earth. Due to its smril size

and high d€rsity NS possessea gravitational field about 2 x l01l times that of Earth.
NS can also carry mq*etic field a million times stronger than the strougest magnetic
fidd produced on Earth. on the base of epinnins 

"ffet and stroqg mqgnetic field these

star' ca,u be frrrther divided into tnrc tlpes: ptrrsaxs and I\dagnetars.

Pttlsars a're spindag NSs which were first discot ered by graduate student Jocelyu
Bell Burnett iu 1g67. Pulsa,rs have strong mrgnetic field which have jets of particles
out moving often at the speed of light aloug their -egretic polee. Since the maguetic

field is not aligned with the spinning a:ds of star, therrefore the beam of particles as a
light i8 svrept a'nound as it rotates. This light seems as the spotlight in a lightho,se.

Another tlpe of Mlis Maguetar which ftss mrgnetic field in the range lgra _ lgtr6
t l' h Magnetars their crust is tightly loclled with stroug m4gnetic field go the ch'nge
occurred in one will cause to charye the other. Thqefore due to a h,ge mqgnetic field
the moment of star will release a tremendous amount of eaerry in the form of EM

t2
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Figue 1.4: Pulsar

radiation. lbe SGR 180&20 is a Magnetar which has been discovered in 1979 and

ideutified as soft gauuna repeater. This star releases enerry in 1/10 second which ie

more than the energy released by Sun in the last 100,000 Jrea,rs.

1.5 Ptrysics of MHD 'Warres

1.5.1 Alfrrcn wave

Since low freguensy EIVI warrcs can propagate in conducting fluid like plasma which is

not possible in rigid conductilg medium. The two basic propagation modes are AIfircn

waves ard nagDetaonic waves which are orperimentally and theoretically studied.

llannes Alfv€n E t%2 frst predicted Atfircn wavee and aseumed the plasma that

inmerged ia mrgnetic field as a oondrrcting and inompressible medium. Atfi,en waveg

a,re EM waves which have pmpqgation rrector K parallel to maguetic field 86 (i.e.,

K ll Bo) with o 1 @cit as r.16(: *) ir the ion clrclotron frequency. The dispersion

relatim for such a ffie of EM warrc is gven bV

u:Vak. (1.10)

Itr this equatim Vn(: #) is the Alften speed and Va 1c. F\uther Alfi,m wav*.,

can be categorized into two main t1ryes. First is the tcsional Alfrren warrc and second

ie the compressioml Alften wane. Tbreimal Alfven warrc is also knoum as shear AIfveB

13



V wave and at frequency nea'r to the ion cyrlotron frequencJ' is called ion cyclotron warrc'

The ulord shear is appropriate in carteEian coordinate while the rrcrd torsional i8 itr

cylindrical geometry. The propagation of the wave is angle deperndeut. Moreorrcr,

this type of warrc is slof,r and compressionalees which means that it is iud€pend€nt

of the char1ge h densiff of fluid and lelsted to lolw temperatue. When we add the

kinetic efiects th€n it said to be kinetic Alfi,€n wave8. On the other hand compressional

Traves are knocm ss mngnetoacoustic 66 mrgnetosonic waves if magnetic field pressure

is incorpmated. Itr this compressional warrc the compression plasma is tra'nsverse to

Bs. Ilere dispersion relation is girrcn by

U:k (1.11)

For compressional waveE Ve > V u V" :.f a*ot* the ion acoustic speed which
YP

deecribes that it is partially electratatic aod partially magnetic. If the maguetic fluctu-

ations increase as oompare to density flnx then electromagnetic behavior is dominante

likewise, if megnetig component is leEE than density fluctuation then electroetatic be

havic will dominante. This warrc is nondispersive as phase and group velocitiee are

the same [ ]. Conpressional waves can also be designated as frst waveE comparing

to torsional waves while at frequency aborrc of the cyclotron frequency is knoqm ag

whistl€r wave (r helicm ura\re [ 1.

The AJfircn wav€s have an important role in the danelopment of controlled nrdear

ftrsiouplasmawhich cmtributee to heat plasna at fusion temperature and carrying cur-

rent so that to generate magnetic field fu the use of confiniug e,harged partidee. Theee

wayreE may be belpful to understand the different instabilities and turbulance arisi4g

in such controlled nuclear fueion plasma [ ]. The Alfvm wBves play a crucial role in

Tolo,na,la and Stelleratqs. These wavles are also obs€n/ed in spaoe plasma such ag

earth's magnetcphere, Bolar atmaphere and the interplanetary plasma. Similarly, the

coupling of enerry between the ionosphere and maguetmphere at their sharp boundary

of the two regions may be orplained thrcWh reflection of AIfircn , rr* i ]. In solar

wind lw frequency EIVI craves were eeemined through spacecraft neasurements which

vi+w.
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iJ a,re nof,r called Atfven wavres [ ]. tikemlise, the AIften f,Iaves Play a significant role in

astrophf'sical plasma under the influence of stroag mrgnetic field. Recently, the eftct

of Alfircn wave or the th€mal instability of the lftersteUa,r medium is inveatigated

both numerically aod analytically [ ]. Th" temperature difference bfircen the eur's

oorrona and its srrrface may be d€Ecrib€d on the base of enerry transportatim property

which is th€ basic idea given by Ilannes Alfueo. Thru the Alfi,E wave as a firnda,meo-

tal EM mode involved in ma,uy astrophl'sical phenomena e.g.' erergr traoslrcrtation,

heatiug, da,mpiag, turbulernce, mass losE in gtars with cold corona etc.

t.6.2 fbst and glow Magnetoeonic waves

A magnetosonic warrc is a liuear MHD wave which is propagated due to thermal and

magnetic pressures. Magnetoeonic f,rave is categorized into two typea, fast and the

slorv magnetaonic modes. Both theee modee have been receutly discovered in the sun

corona [ ].

Let s is the displacement vector which girrca the distance of a parcel plasma displaced

fron equilibrium pcition in a specific direction. While .F'(s) is the foroe applied by a

parcel plasma displaoed throrgh displacement s. In cartesian ar(ee K : k1;| * Ic12 we

can derive the dispersion relation for MHD wuves by using the following equations;

(,,f -vikils,:0,

)

(r'-Wt&r-frkilE -Wklk;;s, : o,

-vf;kfiyso + (r' -vlkl) s,: o.

Fbr a non-trivial eolutiou (i."., s is not equal ta tao), we need

,'-Wtfl.-viki
0

-vSkrhn

L, -ri*u-Whthl

Equation (1.15) reduces the dispersion relatim of MHD rraves

| ,, -vit*L:

(1.12)

(1.13)

(1.14)

:Q. (1.15)
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Qf - viq) W' - ti (vi + vi) ,' + xnrr2vfiv!1 : o. (1.16)

The solution fq shea,r Alfven waves is gt\,€o by

,':Vikfi. (1.17)

A gerneralized form of magnetconic wave in homQgenous plasma is given by

wa - k2 (vi+W)r'+knkzvfiv! :s. (1.18)

Fbr fast and slow magnetosonic waveE, the above equation can be ymitten in simplified

form as

@2rd:ry(*m, (1.le)

here the subscripte , and sl sta,rd fG fast and slon, reapectirrcly. It can be ehocm that

we S w 3 ul, where u (: ut : Vek) is Atfir€n frequenry. If the octernal magnetic

field is zero then Vt : O and ara : 0, impliee u! : kVs. It means that slmr mode

is disappeared while only fast mode remained in the system which ie just as a sound

wave that propagatea ieotropically. Similarly, under the assumption of cold plasura

(?o : 0), it follon that thermal preEsure Po : 0 and therefore Vs: O. Here u] : g

alrd w21 : k2V1. Hence thene is no slory warrc, and the fast wave propqgate in the

system isotropically with the AtfuGn speed.

1.6 Qnarrtum lVlagnetohydrodynamics Model

Ivlagnetohydrodyna,rnics (IvffD) is the study which deals with the iuteraction of mag-

netic fields and moving condwtiag fluids. Here "lvlagneto'' stands for electromagnetic

fields, 'hydro' fu fluid and "dyna,mics" fG forces or momentg. Thrce prooess are

important in MHD

o According to Fbraday's law of induction an induced e.m.f. is prodrrced due to the
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ir, relative moment of a conducting fluid and a magnetic field.

o the induced c"urrent will give a second, inducrd magnetic field acording to Am-

pere's lanr. This induced magnetic field will add to the applied (odgiDal) nagnetic field

and the change is trsually such that the fluid appears to drag the magnetic field lines

along with it and this iE called fruen-in-flux condition.

o The combined magnetic field i.e., Gigionsl magnetic field plu induced magnetic

field interacts with iDduced current density, to girrc rise a l.or€Gtz fuce [ 1.

Some salient featuree of MHD are deacdbed as below:

o MHD model is usd fc low frequency plasma interaction i.e., ar I ua. The

main propagation source of these MIID wevee in plasma is ions particles in which

ions oEcillate in response of a restoiry force prwided by an effective tension on the

magnetic field linee. Thenefore, theee rvaves are considered as lorr frequency waves.

o Ims and electrcns are strongty nagnetized which means that they are tied to the

magnetic field lin€s.

r Plasma will act like a siugte fluid.

o Scale may be consid€Fed as a bulk i.e., particle identity is lct.

o MHD deecribes the macrccopic behavior of plasma.

o Each term in the MHD equations represents a difierent physical effect.

Quantun hydrodynamic (aID) model is one of the possible approach to iu\re8-

tigate charged particle system with relevant quantun eftcts. Quntum MHD is the

nacrcopic fluid model that is used to focus the global properties of quantum plasna.

The QIIIHD equations in a simplifed form are girrcn belm' [ ]:

kt.V'(p-v) - Q,

^(*+ 
v. v) v : J x B - vP + Hh" (W),

VP: V!Yp^,

(1.20)

(1.21)

L7

(1.22)
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(1.23)

and

l-l:unf*,xB- ffoxB)- *"W)1. o.%)

Here the plasma cenrtre of mass density with m5 >> mG is given as P^(: nem.+r4mi N

nm;), the nodified pressur€ as P(: P.+ Pt1, current density as J(: (q - u,)ne) and

yo(: p^e2/rn2mivq;) with z6 being the oollisional frequency for momentum transf€r

between electrons and ions. The adiabatic souad speed is represented by % in the

aborc Equation (L.22). To use MHD model quasinetrtrality condition is considered.

Qlrasinartrality rrreana neutral emough so that one can take n, : ni x n where rz is the

crorrmm density called plasma density, but uot eo neutral that all the electromagretic

forces vadsh. Accordingly plasma has also collective behavior. Therrefce to study

MHD wav€s in quantum plasEa quasineutrality condition must be applied. Ustrally an

infnite conductivity is considered in an ideal MHD model by neglectitrg the llall force

term in Equation (1.2a) which girm

vxE:-#, VxB:tto[,

E:-vxB* *"(W),

^ (*+ v . v) " -- 
L(v x B) x B - vp + #**" (W), (1.20)

and

# :V x (v x B). (1.27)

Tte tsm that ma&es the quantum MHD different from the classicsl one is the quantum

oorrection terrr which appears as last term in Equation (1.?6). The quantun aorrection

term in non-ideal al/fiD vanishes if the crrl of Equation (1.25) is operated and leads

(1.25)
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Y to a dyna,mo Equation (t.271 "i-itar to that of classical MIID. Thenefore, with the

assumpion of infuit€ conductivity, still the cmditiou 6f rnngnetic field lines frozen in

fluid is satiBfied. Now we introdtrce the bllowing gome dimensioulese para,meters as

(1.28)

where po and .86 are the unpertrubed mass density and magnetic field, respecthrcly

ua(: eBolmic) iE the ion cyclotron frequency and the tJpical Alfu€n velocity Va(:

,lB;which provides a natural velocity scale in MIID. Rescaling the QMIID equations

with the dimensionleEs para,meters prwided iu Equation (1.28), these equatims itr

normalized forrrs may be orpreesed as under

F^: 
qfr, 

o : il,B : *, r :ffand f, : arar,

*'*V'(p-v): s,

*:vx (vrB),

where II" is dimensionless para,meter and is defined as

tuaf,.:ffi.

He:3.4i2x 10-30fr,

(E.v.vv) p^:(exE) x ,-#ru^*udo(W), (r.40)

This para,ureter r1[, measures the quantum eff€cts which in MKS qrstem can be qnitten

as

(1.2e)

(1.31)

(1.32)

(1.33)

here no (and Bs) is the ambient particle density (and the octerroally applied magnetic

field). It can be seen from Equation (1.33), lhut H. can be neglected in the case of

classicel plasma eptems where the number densities are lorr. However, for astrophyeical



pla$nas such as WD on NS, where tbe uumber densitiee lie in the range 10m - lQPam-3,

the qnantum para,meter H. eantake values trear to unity o greater and, thus, quantum

eflects become important.

L.7 lbmperature Degeneracy and Fbrrrri-Dirac Sta-

tistic

Wb€n the uumber density of quantum plasma increasee and the syetem ternFenature

decreases, the interractiou anoDg the particles nay plsy a vital role. As theee partidee

become cloeer, the orcrlapping of their associated waves rnay (rccur and consequently

enetrgf lerrcls split and therefce the effect of degeneracy obeerves. In case of de

generate plasma equilibriun distribution changes from Marru,ellian (classical) to F.D

(degeneate) [ ]. In quantum plasma, the two erffects i.e., Pauli's orclusion principle

and Heisenberg uncentainty principle are combined then as a reeult quantum pnessune

is produced. The Pauli's orclusion principle is due to fermions (particles with half-

integer spin) which obey F.D digtributim while Ileisenberg's uncertainty principle is

lin&ed with warrc nature of particles. Tte electrou preEEure may be geu€r-

ated when electron conceotration is confined in a emall vohrre [ ]. fr" q,p exi?|.'1

(known as FUgacity) in F.D distribution which describes the degemeracy in chemical

potential (p) ,nd thermodyna,mic electrotr particle temperature (2:). Ib slros' that

the regime is eithe degernerate or rou degenenate depends on the numerical value of

€. If { ( 1 i.e., # b large and negative, the regime is a non degenerate implyiqg

( - 0, and similarly ou the otherr hand, if € > L i.e., ffi is larye and positive, the

regime is oompletely degenerate implying € - o with p - TF.: l/2rnazr., here

u4e: (KsTp"/m)'/2 ie the Fbrmi speed of electrou. Alternatirrely, we can also define

the abore system of regimes as (a) if Tp" 47. , the regime ie non degenerate and (D)

if Trc>_Trrhe resme is considered as degenerate [ ]. In the theory of F.D rystem

we ta,ke the F.D distribution firncion which fm electrons can be written as

20



(1.34)

here e" : U2m"4, u" is the velocity of electron and p is the chemical potential of

electron which is a fuDctiotr of time and epace. The chemical potemtial orists in the

limit range -rc +- p + +oo and is an arbitrary quaatity. Iu above equation A is

the noroalization constant aud Jfdu : rlc, s tbat A : -1fu(ffi)''' :

2 (ffi)', here Id, ({) of iude* u is the polylogarithm functim er"€n by t I

J(u,r,t):+,
l*e@

u,c): uh Io* *o*,

(1.36)

rL: -lanY-?'dlL ttt )nr
(1.37)

Ilere O(Iz, 
", 

p) is the grard thermodyna,mic potential of the dectron particle (i.e.,

it depends upou rotrme,terperature ard chemical potential) whieih is given by the or-

pression as

(1.35)

where x : #, and f(u) is the ga,mma firnction. Noru the thermal equation of the

state of Fbmi gase can be bund from the fo[owing s;nstem of equations

dl": -KaT.Et" (t .l-shre)lxar') .

I
(1.38)

(1.3e)

This equation implies

n. : -ffiryir,, I 
"(e-*)txer.) 

xLtzd,x,

where 
^: 

(2s + 1) is the degeneracy with respect to the spin, rr : e/KsT., € :
plKaT. and the chemical potential chs,lges in the range -6 < tr < {m,The system

of thermal equations (1.3e1.37) of state are given by
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(1.41)

F.D inf€grals in the above two equations tuirg o :0 with other para'meters are girrcn

below

P(p,r):'u# I,* i4*,

P (t,r) : -?W#' (;) ui (-".i*),

In tsms of polylogarithmic firnction Equations (1.a2) and (1.43) can be written as

(1.40)

(1.42)

(1.43)

(1.L4)

tI

(1.45)

Sotving Equations (1.44) and (1.45) we can obrtain the generalized fcm of presoure

in terms of polylogarith- as

P:GnknT., (1.46)

n(t,r) : -%#f. (;) q("#) .

which is the barotropic equatiou of state with G : Hbeiqg d€fined as arbitraryI,,Elt_,

temperaturedegeuerarypara,rreter. For€ < I reharrc G:L+fi. Thercfore

Equation (1.-16) becomes as

Pxno: (t + fi)norn, g.4T)

which girrcs the of preosure for in case of nearly non degenerate (NND)
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plama. Accordiqgly, fG € > 1 polylogarithm function can be orpanded as G :

W$ - ithl'1. Ilene Equation (1.46) impliee as utrder

PxD:?o-{;r*)\*,. (r.48)

This equation shows Inessure for in case of nearly degenerate plasana with Fbrmi euergf

ep: kgTp2.

1.8 Spin Magnetization

Brodin et d. [ ] iuveetigated uorrcl collestive EM wave pheoomina including electron

spitl/2 eftct. The electron teuds to rlign itu spin effect with orternal magnetic field.

Consequently, there is emerged a plasma mrgnetization in the directim of this field.

The spiu effect modifie the plasma curreot d€nsity and producee a magnetic moment

foce on electron. lte Ma,:rwell's equations are written as

VxE:-#, (1.4e)

and

V x B: th(J^+Jr). (1.50)

Ilere J, (:DWIV) is the ptasma crurcut deosity due to free electrons srd rimilaf,ly,

the electron megnetization spin curret densiW (J-) is as underr;

J-:VxM, (1.51)

where M is spin magnetizatiou (Pauli magnetization) per unit rdume and its mathe

matical elrpreesim can be dedved in following rnanner.

As the energf of free electrou in presence of orternal magnetic field in simple form

is gfueu by

.E : (ff + I l\hu + (h2 lhn)h,z I trtsB.
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Here N deootes the Landau quantum urmben (lV:0,1,2r...). The first two tenms in

right hand side of the aborrc equatim arc relat€d to the orbital motion of the dectron.

While the last term results from the to the electron spin (s) coupled magnetic moment

(pr: -pa*g : T:pB, aE m : lL/2,g: 2). A simple relation of gpin magretization

(pauli m4netization) is as under,

wt:(n+-n-)tt1, (1.53)

here na iE thc number denEiff of electrons with magnetic moment (pr) along the

magnetic fidd. Similarly, rz- is th€ number d€nsiff of electrors with p, against the

field direction.

Under themal equilibrium, the condition for high fsmperature is p"B K. KsT

therebre we bcve the relation for magnetization

*:#, (1.r4)

It means that magnetization in this case is temperature dependent i.e.,

ru*1.'7,

SimilarlS for low temperature nen' magnetizatim will become as

M: (n+ -n-)pa: -+ l* orafiar, (1.56)

In the aborrc equatim -# "*be 
replaced W 6(E - Et) for low temperatue ondition.

The deosity of states for the Aee electron gas,

(1.55)

(1.57)

Therefore,

D(E): #rpr*(Kare)2,

*:m,

24

(1.58)



L Ihis equatiotr gves the expreesiou for rytru magnetization (Pauli magnetization)

per lnit volnme. The nagnetizatiou a,ris due to the 81trn of unpaircd elestrons atrd

is proportimal to the diftrence of derneities of electrons spm up and spin down (n"p -
nu,rr). At low temperature this diftEence \ranish€s due to pauli blocking. Therfore the

spin magnetization becom,ee zero for an ideal Fbrmi gas at grornd state [ ]. Eowever

the spin magnetizatiqr may play a aignificant role for thce electrons which are cloeed

around to Fermi level. Eior spin quantum plasma the errcluation equatio can be written

as

(s x B). (1.5e)

In MHD, spin inertia can be neglected under the the assumption w 1u6l tiat which

gives the spin equation of motion aa E x B : O, and the solutiou ig

* :'u'dth

,: -f,roiloe)f;t, (1.60)

where f(ccX: tanh(c6)) ie the Langerrin parameter due to the magnetization of a spin

distributiotr in thermodyna,mic equilibrium and o6 is magnetic enerry due to thermal

enetrgf ratio i.e., ac: ffi as G is tempenature para,meter ,"a p"(l#l)
is the Bohr magneton. The epinning effect ig as one of the assf imFctant properby of

quantum plasma in the pre8eu,ce of high maguetic field. In quantum plasma, spin erffect

urgee the continuation of difierent type of waves. By employing sqnrate spiu (spitr-

up and epindoum) evolution model, nem, loagitudinal wavres are obtained and theee

types of waveo a,re propagated along perpendicula,r and pa,rallel direction of eldernat

magnetic feld.

1.9 Quarrtization of lMagnetic Field and Landau Pres-

sure

Landau quantization is a mecha,nism by which the

curred due to the presence of magnetic field. It is

quantization of enenry levels oc-

knoqm that the moving electron
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(either spinning or orbital motion) produces a, mrgnetic field whie,h 12s s magnetic

moment along the a:ris of gnation. The orientation of magnetic moments generateo

Eagetisn in medium. The spinning or obital motion of electron iE alt€sed by apply-

ing the ortemal magnetic field. In the presence of strong magnetic field the quantum

ptasma has two magnetic effects: one is the Pauli magnetism due to the epin effect of

eletron and the seoond ig the Landau dia,nagnetism (Landau qtrantizatiod due to the

quantization of the obital motion of electron. Landau quantizatim effect is a pnre

quantum nature which has no classical analogy and can only be orplained in quantum

mechanics [ ]. gV applylry exterral magnetic field, th€ encrsr of the qrstem in terms

of quantized erergy levels is enhanced due to dia,magnetism. The fixed electron shoulo

Pauli para,magnetism that higher thrn Landau dia,nq$etism while the free electron

orperieucee Landau diauragnetism at Tp2 > ?, although, the Panli para'nagnetism be

oomes too small. The electrons rotate in circular orbit in a plane perpendiorlar to the

magnetic field in the direetion of z-osie ([[fl. A\e motion of electron can be reeolved

into two parts : one is parallel 16 mngnetic field inwhich the lougitudinal energr is not

qnantized tbat can be grr"n I er : * *dthe secmd, is quantized trangverrse etretrgf

which can be unitten as

€L: €N : (2Nz*l * s)fun, (1.61)

here JVz denotes the Landau quantum number (iV, : O,L,z,...) and the cXrclotron

frequency io r.r- : fl, while a d€fines the spin orientation i: Ld, with or(*1) is the

operatm. Relation (t.6t) nanifeete that the enerry spectrum of electrons corsist of

the loc,€Et Landau level, .lVa : 0, E - -1, while 2 degenenate lermJs give us polarization

s: *1. Thus each value with / l0 occurs twice, aod that with l:0 once. In t€rmg

of Bohr magnetoq raF fr), Equation (1.61) can be written as

ey: (2N1* 1_+ a) psfio. (1.62)

Thus the net energr of electron in the ,.o*"" of magnetic field (e : er * e,,) is
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e :- e (N1,k,) : (2N1* I * a) frno + ffi. (1.63)

The first part of energf in right hand side of Equation (1.63) is discrete iu nature

comeepoDdiry to the quantization of tbe circular motion perpendicular to the magnetic

field, it ig to be noted that the spectrrrm discrete levels difiereotiated from each other

by the energy Eapr 2pafio. Accondingly, the second part of enerry is not quantized and

depends on ftr, corresponding to the motion of an elestron along the nagnetic field.

In oder to empathize thermodyna,mic propenties of electron gas embeded iu quan-

tized magnetic field, the pressurE can be written in the following way [ ]. As the

thermodpa,mic ftrnction (also cslled grand thermodyna,mic pote,ntial) in orplicit form

can be in the fcm O" : Or(?, V, pr II). Tterefore pressure is defircd in terms

of grand thermodpa,mic potential as

p- -l#1.,.;

For F.D distribution of electron we have

I p-e\
{t.: -ZKarpt 

lt+"xan ).

(1.64)

(1.65)O": E dl*: -KaT.Et" (, *"{r")lKar'),
hNt

where e is the energf of non-interactiqg particles i.e., Fbmions or bosotrs in quan-

tum state /V1, at temperature ?: and p is the chemical potential that chf,ngeE in the

limit from -m to *m in F.D distribution function. For electrons in ei plasma the

thermodyna,mic firnstion can be written as

(1.66)

Here Ic - (Nz, (fu,k,) and e (lVs,,Ic,) is given Equation (1.63) while the factc 2 takeg

iuto account degeneracy with rcspect to spin. Let the electron gas is occupied in volume

V(: hLzh), 
",ft"r 

futher similification we get the folloning relation
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n : _ffon+F."i.ffu(,."ffi) ", (, 67)

where eNr,: (JVz+ uDrut- is the root of Equetion (1.63) at &, : 0. Integrate up

this equatiou w-r.t e1y, olte ca,Ir obtain

t: Li r,r1,y*,' YrT.;n

| "-"\-t
here lcn (e, rVr) : * (, - ,nr)'t'and .f G) : 

[r 
+ exaf. 

) 
is the F.D distdbu-

tion. It th\il ilrorlifies F,r.pation (1.ti7) as

n.: -ffiF,"i"k,(e,Nv)rG)b. (1.08)

In the above equation ne G) is the magnetielength. Now the preosure of the

elec{ron gas can be written in the form as

P. : 
#E"i,kn(e,N1) I Gide

: #t / (" - "*,)rt, r G)de. (r.6e)
(hB)zhu*,"!o

Integration of the equatiou can be modified in the foloudng fcm as

11 : j n-ex,)'t2!(")b
ENL

: ?i n-eno)'t'(-W)*,
CNL

substituting the aborrc relation in Equation (1.69) the presEure for arbitrary degenerate
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plasms becomes ag

Iz=

.t
t\"

.(,\
Ctl

N

rr:i (r-rn,)'t'(-W)",
CNL

in this case the dishibution I(e, p): (, -"ffi) for large negative value

F_E J
or Ry;Ewill become as /(e) : "I#Ith* -a'#) : #"-;:n It EakeE

Equation (1.71) as
p

,,: *o i n-ey,1st2"ffi4t.
cNL

1.9.1 Pressure for Non Degenerate Plasma

Let's solve the Equation (1.70) for non degenerate electrm gas and that can be ynitten

aa

F-ent -'"Eioi"ho;
0

#l-[r"'"(l "#o') "]
F-ext I - _.-' I

"@lt T -c I

#11",* Ie'fi"x,na;f
It-eNc a -e'

Z"W la)L"x'na;.
0

(1.70)

(1.71)

(1.72)

let €' : s - €Nr and for 
" - €Nr. then e' : 0 and for e : m it impliee tbat d : m.

Usirg these values in Equation (1.72) We get

(1.73)



fuaiu eubtitute ,: hthat implies ! : aKaT" urrd, b : KaT"fu

oe'..
h: l{"\L"-@ae' 

:(KnT.)i f ,u'"-"ar. Q.74)
00

Now ns'ng the the Ga,rrma firnction definition I (z + 1) :i ,o"*draod it shou/s itr our
0

case tbat fot z : Ll2 vnhave I (U2+1) that is equal to f (!) -f altzs-'a, : *.
0

Using 1tr69e mrniFulations u,e get

rs: (KsT.; j ,v'"-'dtr : {fxrU:, (1.25)

0

and hence

, \fi(Ks.^'t lt- eN'

tr:-#e KaT., (1.76)

which maltrn Equation (1.70) as

tt cr-

*::ffi?fi@a+)*"Kar' y"-f,n. G.7z)

by puttiag the value of ext from Equation (1.62) we get

t,

*: ffi?G$a+)i"Kar'Ie-(z,vr+rttta*olKar.. 
(1.2g)

N1

The surmatiotr w.r.t lYs, in Equation (t.78) giveg

E eryzW :l2snh(ps*olnaT.)l-L , (1.79)
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by puttine in Equation (1.78) We have

p

D @nm")*@rt1i eKaT.

":@@' (1.80)

The orpression eKaT.(: €") for nondegenenate gas, using Equation (8.42) of nef. [ ]

thate holds true fo any value of a etrong field, iucluding a qtrantizing nagDetic field

her the value ,,

€. : "fu : r!""$)iftl 
t*hQt'Ilol KBT')

(r*.KrT.Tr@'
It then makeE the orpression Equatiou (1.80) as

P":n"KgT". (1.81)

It is obserr/ed that itr case of non-degenerate and classical plasma preesure is iudepen-

dent of nagnetic field.

1.9.2 Pressure for Degenerate Plasma

The problem of distdbution of an ideal gas (Ebrmions or Baons) can be soh/ed by the

propaed method of Landau [ ]. At , - 0, the F.D distribution beomee Heaviside

etep fiuction. In this limit the chemical potential is equal to the Fbrmi energy, and

all gtates of euergy below the Fbrmi energf is occupied, while all states above are

empty and ilch a state of plasma ie called complete degenerate plasma. Eblloming this

a,rgunent, (-#) teods to a stepfimction with argument € - lrp, such thst

f-g):d(e-€r)\ or)

where d ie the DirasDelta firnction which is one for e <( {p (degenerate state of

plasma) and zero fm e >> (r. Using this idea Equatiou (1.70) becomes

* : mF, "{,(' 
-'n')'t' 6 (e - g'p) b' (1.82)



usiqg the Dirac-Delta firnctio property of t t@)6 (a - o)da : !(o). Therefore,
0

I O - ev,)stz 6(e - pide: (e - rn,)'/' ,

,/y

where €Nr. : (2Nt + l) peilo and therefore the integral trnder the above coudition of
degenerate state of plasma e << fr becomes as

9P

J t, - r*r)tt' 6 (e - pe) de : (€r - (2Nt + t) ps1s)stz .

cIY

Equation (1.82) in simplified form is as under

*: ffi1fu" -(2Nt *t)p,Ho\l,tz (r.83)

Here lYs : 
W. Usiqg the quantum lirnift seadifiqa (wheu all electrons are

fonnd at the zero Lardau lorcl i.e., pafio I Fp < Spaffio), the F4uatiou (I.g3) can be

unitten as P, : ## Itp - t at o%olslz,

The couentration of electrons is orpressed in tbe foUowing matheimatical relation

gftten in R€f. [ ]

Fhom F4uation (1.63)

Thoefoe we harrc

*:# 
"f,JCH)H(e,v")b,

k,(e,x,) : + (, - rn,)rt,,

^ 
: ffi i i u - en,),tz (-LP) *,

Fhrtber a,fter the derivation one caa get

*: ffur* f,*l€r - @Nz+ t) psnslttz ,



which inplies that

i\Io

tD tg" - (2Nt'+ 1)Par{o}13t2 :
illrdl

Usitrg Eqtration (1.S4) in Equation (1.83) we get

t- 8(2m)L ng

nNl

(@,g]rif,
(1.84)

I
p'- sfr1znB ' (,?*r*t)'

By nsing the valuee of fi: (*76)* and pr1: 4r-") *uamive at

":(#)fr"fr (1.85)

The above equation deecribes that the pressure of degenerate electron gas in the

quantum limit has strong depeudency on both density as well as maguetic field. This

equatiou is valid for the degenerate plasma iu the presence of quantized magnetic field.

1.10 Thesis La;rout

The thesis is based on theoretical analysis of quantum MIID wavee with effect of spin

magnetization and temperature degeneracy and is divided into foru chapters as follow.

In Chapter (1), re are discussing the basics of plasma phyeics, multi-compouent

plasma, application of quantum plasma, phf,sics of MHD waves, quantum MHD model,

F.D distribution, arbitrary temperatrue degeneracy, spin Efiect, Landau quantization

and Landau PreeEur€.

Ctepten (2), is about our first research problem relsted to the study of MIID waveo

in quantized magnetic field. Ihis e,hapter consigts of five sectioDs. Section (I) gto

a literature revieff concemed to the problem. In Section (II) dispersion relation with

effect of quanti-ing magnetic field is deriv€d and further different modee of MHD waveg

are urmericatly and graphically analped. Similarly, we discuss dispersiou relation with

effect of both quantizing field and spin magnetizatiou for different MIID wave modes



in Section (III). Section (fU i" delegated to results and discnssion . The condusion of

the whote chapter is then glren in Section (V).

In Chapter (3), re study our next research problerm related to the liuear propertieo

of MIID wa\reE iu nearty non degeuerate and nearly degenerate QUslttrrrn plama com-

posed of thee specieE (electrons, positrons and ions) in the preEenoe of spi& U2 fierr'".

This chapter consists of foru eectiotrs. Section (I) gt"u a literature rerriew concerned

to the problem. In Section (II) a geueralized dispersion relatim iE d€rived with the

help of equatiou of motion and contiuuity equation along with MaxcrcI equatims usiug

MHD model and MED wave propagation modes are analped. Reeultg and discussion

are presented in Section (m). The concltrsion is theo described in Sectiou (IV).

In Chapter (4), or" deecdbe the linear properties of nagnetmonic waves in iou

trapped s€miconductor electron-hole-ion (+h-i) plasna with erffecte of density correla'

tion via Bohm potential, spin magnetizatiou, otcUange correlation potential and rel-

ativistic degeneracy. This chapter consists of five sections. Section (I) is related to

literature reviemr. A modified and generalized dispersion relatim for oblique propagar

tion of waves is d€rived by ufog the qnantum MIID model in gection (II). Propagation

modes a,re described in section (m). R€Eults and discussion for in case of some tlpical

para,metric values of Cd+ ion trappedin Gallium Arsenide (GaAs) and Gallium Nitride

(GrIrD s€miconductu compounds at room tempenature are then given in section (IV).

The corclusion is then given in section (V).
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Chapter 2

MHD'Waves with Quantized

Magnetic Field

2.L fntroduction

Degenerate plasmas have gained a lot of interest owing to their important potential

applications in modem techrology such as metdlic and s€micmductor nanostructures

(e.g., quantum dots, quantum welle, quantum wires, spintrouica, euantrrm free elea-

tron laserrs, nanoplasmonic dwices, nanotubee, metallic nanoparticles, thin metel films,

metal chuters, etc.). Likeiwise, qtra,atum plasmas odst in dense astrophys.

ical systems partictlarly, WD, NS and superdemse interior core of Jupiter [ , ]. It

is to be noted that the quantum plasma may plsy an important role when a \rdrogen

pellet is compreseed mrny times to that of its solid density state. In quantum plasmas,

the spiu effect as well as quantization of the orbital motion of electrons a,re veny sig-

nificant howev€r they may not eunrive on dassical scelee. Quantnm mechanical effects

appear when the avemge interpartide distane (or Wigner-Seitz radius) o: (S/4r;n)Ug

is alnost equal to 6p smdler thau the thtrmal de Broglie unavelength i.e., nl$ > 1.

It is we[-established that Fbrmion gas under a constant erctemal -"g,etic field

Slves rise to two phenomeua. First, iE knonm as pauli para,magnetism.and the second

is cElled Landau diamagnetism. The form.er phenomenon is occured due to the spin of

electrons, whereas in the latter case the orbital motion is quantized. Tte quantization



(discreteneos) of the cbital motion of electron gas f,,as orplaiaed by Landau [ ] under

the external maguetic field while orperimeoting on metals. The electron gas in the

Prcsnce of a consta,nt o<ternal magnetic field perfuns dual motions (i.e., helical mo

tious) simultaneously; One is a perpendicular motion which is pruely rotational with

radins r : lL (here u1 is perpendiorlar componeut of rdocity and ar- is the cXrclotronbln'
frequency) and the other is the parallel ("loqg the direction of octernal magnetic field)

which is linear. Tte former motiou is purely euantrrrn in nature, wheneas latter motion

ispurelyclassicalinnaturesotbat hBT>fiunl , ]. Lundiuetal. imrestigatedthe

high frequeucy EM wavee in the pregence of extreme magnetic fields If ry 1gla - 1015G

(in the viciriw of uagnetars and pulsars) [ ]. The equation of state (Eos) has been

cdctrlated for laser-plasura interaction with the eftct of quantiziqg magnetic field in

laboratory lorel by Eliezer et al. [ ]. th"y fiuther stressed to study the research on

laser-plasrta iateraction nmr becomes a domain of physics equivalent to astrophlrsical

plasmas such as WD and NS. Later on, Tsintsadze and his eauthors in their number

of papers harrc studied the relativistic thermodynamical propertiee of a Fbnmi gas in a

stto4g magnetic field [ ]. It was obeened that the diTrersion relatiou of longitudinal

elestric w8v,es is stroagly dependent on the magnetic field streugth. The impact of

such a strong maguetic field ou the wave propagation and therrmodlaamical properties

of a medium is a vital issue in Eupertrovae and Ml. The prestellar of the erolution of
the uaivwe and the courrcctive znre of. the sun as well as iu laboratory plasma (e.g.,

the laser-matter interaction) a,ne also charactetrized by stroag magnetic fields. On the

basiE of measured data of astrophysical system, the magnetic field on this surface NS

is reported, as 1011 - l0l3G and while the field of interior core of NS can reach to

1015G or svm may be hisher values [ , , ]. Horrerrcr, the rotational morement of
stars may cause to increase this field by a factor ld - 10a ehoqm by Bisnoati-Kogan

[ ]. H*e in this situetiou the characteristic erergr of electrons on a Landau ler6
reaches the uon-relativistic limit of the electrors ctremical poteutial F : Ep : #,
where Hfo: H"(*) t.", H"e # = 4.4 xf0rsG)t.Schwinger,s rnagnetic field and

arF tf*) is the speed of elecrrons at Fbrmi surface with zi : ,H?#^' (Fermi

temperature of electron), m"(m*.s of electron), and h: #(rcduced plank,s cmstant).
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- Alteraatirdy, in terms of number dasity of plasna (n) aloag with maguetic field (fls),

Fbrmi tenperature may also be defined as fr : #qf .Themefore, in the preEeD.ce

of extreme magnetic field the wave dynamics a,trd therrrodyna,mical propenties would

be quite different in quantnm plasma gsverred by the quantun effects. In classical

plasma ph),aics, fluid (or hydrodyna,mic) models a,re often dedved by trt i,g moments

of the appropriate kiaetic equation (e.g., Vlasov's equation) in rdocity spaoe. In the

magDetohydrcdylr,Eic (ItftID) deocription of the plasma, the latttr is consid€red as a

siDgle chargd fluid in which the plasma particles (viz, electrons aad ions) morrc with

the sa,Ee \relocity. The q,antrrm hy&odytramic model (eHD) and quantum MHD

model arc the ortensions of the claEsical hydrodyoa,mic model. The eIID model fo
charged particle systems is eldended to the cases of nonzero mrgnetic fields. Thege tnro

models foclls on some microsoopic va,riabres of quantum plasmas flrch as cbarge, mo
psaf,rrrn and enerry transport. Therefore, these tf,,o models are widely trsed to study

the propagation proputieo of linear and nonlinear wavres ia quantrrm plasmas.

Usually, in quant'r" plasma, high deosity aud lmr temperatrue are consid$ed as

typlcal plasma em,ironmmt in which quantum effects arise. Ctiteria of the electron

punpi4g in electron-hole (eh) quautun plasne has beetr discrrssed by Affy [ ]. The

liuear and nonlinea,r propqgation of kinerbic AIfircn waveE (KAIry") in quantum plasma

have been studied with the indusion of spin magnetization effects. Using the numerical

valuee of physical parameters, it is found that the dlmrmiss of liuea,r aod nonlinear

structureE a're significantly modified due to the cbange in spin magnetization effects

[ ]. Th" nonlinear propagation characteristics of inertial Atfven waves (IAWg) are

inrrcetigated by taking amouat into spin megnetization effects alolg with occhaage

comelation effect [ ]. Th" featuree of shock waveE in Landau qlantized pln rna are

also analped with higher (loum) electron density and mqgnetic field stength by Delo

and der' [ ]. Sinilarly, different spectra of sprn magneteonic waves are etudied itr
a uonrelativistic quantrtm degenerate plasna, accounting fm spin-up and spin-dourn

electrons (assumed these electrons as tco differut fluids). It is found that the enerry of
the degenerate electrons in the perpendicular direction becomes quantized into Landau

levels due to rrery stro4g megnetic field. It iE also shocrtr that the spin pola,rizatiqr may



cause to give trirth to a nery ya\re [ ]. Zedan et. al., iurrcstigated theoretically the

multi-dimensional instability of ion acougtic solita,ry waves in a magnetized, degenerate,

collisioDless multi-ion plasma with trapping distrihted electrons under the influence of

quantizing magnetic field and polarization eftct. The stability of oblique propagating

wave with a polarization fcce effect ig studied. Mceover, the growth rate of the wave

irstability has also been calculated [ ]. Th" degeuerrate characteristics of the urcakly

ionized NS are orplained in the presetroe of quantized m4gnetic field. The quantized

magnetic pr€sEure is ta&en aloug with Fbmi pressure and therefore the soud warrc in

the dispersive ionized neutrino stars is descriH. It has been showtr that solitary wave

may orist for a NSI (weakly ionized, degenerrate and magnetized), where the density

of neutrons is much largen than the unpentubed density of cha,rged electrou and ion

specieE [ ].

The spin effects ou linearly EM warrc propagation in arbitrary direction hane been

oo,rrined h d€nse magnetized ptasmas by Hu et al., [ ], where it was ehown that

epin phenomena to be more significant for low frequency modes as compa,re to high

frequerncy modea. Later on, the mqgnetoacoustic waves were studied in degenerate

epi plasmas with effects of arbitrary temperattue and spin mngnetization. Here it

has been observed that the temperature degeneracy and spin magnetization modify

trfu6 rli$ersiou mod€E of propagation warrcs [ ]. Similarly, the waves and instabilities

in relativistic anisotropic MHD plasma me studied and the rlispersiou relation was

derived for two modes of propagation, i.e., modified magnetoeouic mode and sheaf,

Atfir€n mode [ ]. fr" [on' frequeucy erartnm MED wave bas been anal]"zed in d€nse

degenerate plasnas [ ] to account fc Bohm potential ("lorg with spin effect) and

derived dispersion relatiou for perpendicular, oblique and parallel propagation modes.

In this Chapter, we inrrcetigate the radical changes in the propagation of MIID

waves when the effects of preosure caused by quanti"i"g magnetic field and pauli para-

nsgnetism are incorporated. Herre the main objective of our work is to observe the

quaatum conectiom-(Laodau quantization, Spin effect, and Bohm potential) ou the

dispersion modee of the MHD waves. The laput of the is girrcn as folloun:

Dispersion relation includiag the erffect of quantizing magnetic field is derived in Sec.



IL MIID wav€s with effect of combined cbital quantizition aod spin magnetizatiou is

gt eu in Se. trI. R€sults and discussion a,re described in Sec. IV. The oonclusion is

then girrcn ia the find section.

2.2 Dispersion relation with quarrtizing magnetic

field effect

Let's comider a two fluid plasma model which is composed of electron and ion species.

The a'mplitudes of oscillstiotrs are assumed to be rrery small so that by usiag linearized

equations one cau easily solrrc the qrstem problem. At equilibrium the plasma is

considered to harrc null zeroth order velocities of electrotrs and ions i.e., v"6 : yo : 0.

Therefore for both specieo, at first order, the equations ofcontinuity can be given as:

*.rh(v.v"):0, (2.1)

and

% *n^(y.vi) :0, (2.2)il|"u\
where n" and ,q are the first onder of liuearly pentrubed number densitiee of electrons

and ions, respectively. Here no is takeo as trnperturbed number density of particles

(electrons/ions). According to quasi- neutrality condition, we have fla x, na N ,to.

Similarly v" (and v5) is the electron fluid (and ion fluid ) perttubed rrclocity.

Iu quantrrm fluid model, the DFT is a general mathematical tool thst is used to

study the electron elrchange cqrelation potentials, where elrchaoge potential oomes up

from the Pauli erchuion principle, while the correlation potential happens when the

etrerry is lowered due to the warrc functiou describd by the llartree'Fock hypothesis.

Brey et al. [ ] introdued the elrchangecqrelation poterotial in the field of solid state

physi6s: Later, in plasma phlrsics, it beca,me notable by incorporatiag the term of the

occhangecmel*ion potential by Crouseilles et al. I ] i" the quantum fluid model and

compa,red their results with DFT for thiu fflms. This effect represeuts a short range
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eletric poteutial which only depemds on the number d€msiry of the Fbrmi particlee. It is

obeert/ed that on a large time scale, tbe exchange-cqrelation potemtial effect becomes

urcak as comparcd to other quautum corrections [ , , I. That,s why we harrc

ignored this effect in our curent problem.

Let us suppce that an ei plasma iE inmemed iu the eadernal uniform magnetic

field in the direction of z-direction H (0, 0, H). The monentum equations fc both

fluids of electrons and ions are grrrcn by

and

Av" e'E e ,d : _ 
*" 

_ 
d$"x H) _ #*. #"o lffil, (2.3)

(2.4)*:#.*(v'xH) -#*#"lW),
where ^. (n i) ie the rnnes ef electrons (ions) and e is the charge of electrons. In

Eqnatiou (2.q, n is perturbed arbitrary pressure grren by Pi: uKsTi, which in turu

leads to VPi: KaTtYn; with 7i (ion fluid temperature). Th" last term is the Bohm

potential at right hand side of Equation (2.3) (and in Equation (2.4)) which arises due

to density fluctuations. Similarly the para,meter P" h Equation (2.8) is the Landau

diamagnetic pressur€ (detaild orplanation is given in cbapter one), can be expressed,

as

This deEcribes that the pressure has depeudency ou both number density as well as

nsgnetic field. By combining Equations (2.3) and (2.4), we get

":(*)#*fr

(2.6)

(2.5)

o*#:JxH-vp *#*"lffil
Equations (2.1) and (2.2) an be combined to obtaiu

*t*p^(v.v):0,

fi

(2.7)



In Equations (2.6) and (2.T),weused v(- rtt;ti*rrteYc) 
which shovrc the global fluidw

velocity, and p-(: nimi+nmc = nmi) ta the plasma centre of mass density with

rtc ! 'tE : n. Herre P i8 the Slobal pressure aud is d€fined as p : pi + p", wher,e

P.@ fr) is the pressure for degaerate electrons. The system is cl6ed with an EOS

for the plressure, therefoe in terms of mase d€osity, we can write Vp = C*yp^rwhere
cn: r/F^: lW is the soutrd verocity d,ly modified by Landau dirmagnetic

revers with v : (W)* *o v : (m)"', ,o* speed or ios and

modified Fbrmi speed of electrons respectively. The term J is the cupent density

and is grrcn by J:(niv-n.v.)e: nve. E\rrther J can be deduced by,sing the
Mrrrwell's erluation

J: 1(v x H), (2.8)lro'

which gves as Ampere's law. using other Maxc,e['s equation, i.e., Baraday's la* ig

VxE:-8.at'
where p, is the penneability of free space and the Ohrr,'s law is

(2.e)

(2.11)

E=-vxH.

The reeult is obtained after simplificati(tr\ as

(2.10)

JxH:*,oxH)xH.

Now substitutiag the abore reeult iu Equation (2.6), we have the followiug relation

0v
o^ or-: *,o x H) x H - d?"y p^ * #" lffil. @.12)

In order to vnite the above equations in linea,rized foms, lets suppoee the small
a'mplitude variations iu each physical quantitiee with their equilibrinm values i.e.,
p^ (r, t) : pnn * p,or (r, t), lI (r, r) : Ilo+tt t (r, t) and v (r, t) - vr (r, r). There,
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foe, Equation (2.7) and Eqnation (2.12) will become

%t*p,,o(Y.vr):o,
aDd

(2.13)

(2.14)o^*: frn" 
x (v x Hr) - d|yp^r*#*"[vr,f^f,.

Diflerentiating Equation (2.14) w.r.t time t and after rea,naaging, we hanrc

#-**r(v.v1)+va x [v x {v x (v1 x v,r)}] - #*lv g16)l : 0,

(2.15)

where t, (: #) is the AIfircn rdocity and v1(r, ,) a e(dr'x-&,r) with r.r is the
plasna mode frequency. Usiqg t- - fu, y -+rk and pmt : -$*) iu Eq,ation (
2'15)' By simplification the followiqg relation is obtaircd (in appendix A the detail
dqivation is giveu )

r..'2v1-k (di + Vil (k v1)+[(va . rr) k- (va . k) vr* (k . vr) Va] k. v n_k#(k . v1) : s.

(2.16)

Consider the followiug dimeusiodess raariablee

,-#,"-*,k-k3,"r-*

The dispersion relation (2.16) can be urritten in dimernsionless form as

w2vt -k (1 + I ) (k. rr) * [(2 . vr) k- (a . k) 
",+ 

(k . 
"r) 

el k. 4_ k (k . v) H! : s.
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d In the above ocpression, gr: fr : fr (#)is the Landsu dia,magneric pressure

modified plasma beta, while tt.(: ffi) is a dimeusionless pa,ra,meter that arises

due to the collectine eletron tuueUing effect through the sGcalled Bobm potential,

with r.16 - & being the iou cyclotrou frequency. Equation (2.U) giv€s the modified

rlinpersion relation fo ei plasna with quantum corrections includiag Bohm potential

a'nd modified qunntun soutrd rrelocity due to Landou diamagnetic effect throngh the

correction of quantiziug magnetic field. By rgnoriqs the quantum oorrections, oue

can easily obtain the cl"qsical standard definition of .tiepersion. The abone modified
rlinpersion equation can be used to inrrcstigate diftreut modee of propagation of MHD
warrc hmetm in the following mrnner we only discuss the perpendicllar propagation

and pa,rallel propqgation.

2.2.1 Perpendicular propagation

This mode of propqgation wave is the mqgnetoeonic mode and for k r 116, i.e., k
perpeadicular to Hs, we have k-D:0, as the p,re Alfircn wave always propagatea in
the direction of magnetic field. Th@fore, the dispersion F4tration (2.17) isredgced to
in the follonriag form:

w2vr -t (t + gr+ 4)(k. v1) : s. (2.18)

The vector nature of equation requiree that k will be parallel to the penturbed fluid
velocity v1' i.e., k.v1 : Icu1. The wave is loagitudinal ia nature and its normalized
rlirpension relatim is grreu by

w:ky@, (2.le)

we can also write in dimensio[8] form as
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It is clear from the above equatioa thst the dispersion relation of magnetoeonic warrc is

modified by quantum speed due to Landau dia,magnetic effect throqh preosure term,

Alfi/en propagation mode and Bohm potential.

2.2.2 Parallel Propagation

The wave propagates par'llel to rro, i.e., k ll Hs which implies that v,1 ll 116 neans

k'fr = k- In the mode of this tSpe of propqgation, the two dispersion relations

i'e', longitudinal propagation wave and tra,r$/erse propagation wsve a,re obtained. Ia
loqgitudinal wave propagation, v1 is para[el to tro (i.e., v1 ll va, along with v1 ll k
rtreans D'v1 = u1 arrd k . v1 : lcul) the rrisper'ion Equation (2.12) is then further
reduced to in the following uray:

w:k1@. (2.21)

In dimensioDal brm, we have

w:k (2.22)

This only d€eends o Bohm potential. whseas in transve*e wave mode (i.e., v1 J_

Vl, alo4g with vr l- k means i.v1 : 0 and k.1rl : 0) theu ,,?_V|*z: 0 and the
sa,me pbase velocity is obtsined as for iu case of p,re Alfv€n mode a.r =vtk.

2-3 MHD wavies with Effect of combined orbital

Quarrtizition and Spin IVlagnetization

The maguetic uoment aseociated with a euantnm plasma is a nem, collective dpa,mical

Property that arises due to indirect spin iutaaction through octernal effective maguetic
field and spin velocity coupling. Let us sulryose a collisiodess, quasineutral and spin
magaetized plasma which is assumed as perfectly derse degenerate. The dyna,mics of
electron may be modifed due to the contribution of its spin force frn.. rhe coutinuity

c!.+#.
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equstion renairu the sa,me as F4uatiou (2.7), while only the momentun Eqlatiou (2.6)

is modified and can be unitten, as

(2.23)

where Frc" is the magtretization en,ex5r which ariser due to spin effect of electro6 arxd

its mathematical expression is grrretr by

F"pco: p6V(M.H). (2.24)

The Panli magnetization (spiu ma,gnetization) per ,ait nol,re is grren by [& :
(W)H and iE related to maguetization curreut. Fbr a mrurretized medin4 with
ma,gn€tizati@ M, the Arnpere,s laf,r in general fq'm for the free current in a ffnite
volume iE defined bD' J:*v x rr - v x M. It is kuovm that in a complete de
generated plasma the Pauli magnetization dominates the Langwin-type slsceptibility
which is s,en u Mb,s- nprft,.nh (#) The Landau demagnetization snsoeptibil-

ity, Mr(: -in+l i8 add€d to the dect due to eletron orbital (spatial) contribution
imphnne that M: Mz +I\4p : (W)H. In a comprete degenerated quantnm

na8retizd plasma, T" - 0 i.e., Tp. > zl is assumed. Th,s, Eq,at iot (2.24) leads to
the fo[wiry simplifed form

F"pdr: npps(YF). (2.25)

The dect of tbe spin magnetization aloug with orbital motion of electron appears via
para,meter 0(: u"4ilf") and the condition g > tshould be sstisfied for spin magne-

tization. usiag Equation (2.2b) in Equation (2.2g), we differentiate w.r.t time (t) to
obtain

e^X: J x H - vp * #*" lffil* F"pdo,

# - Cnv 1v.rr) * v,1 x [V x {v x (v1 x va)}l

-#* fv g'z,6)1 + otffifi(vay = s .
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Note that (trre can obtain uII:IIo(k.v1) from Equations (2.g) and (2.10). F\tther

simplifcatiug Equation (2.26) (in the appendix A the denivatiou detail is eveo) u,e

eventually get the follou,iug relation:

w2vt -k(d"+vfl) G'rr) + [(v,r . *r) k- (v,r .k) vr* (k . vr) vr] (k . v,r)

*#*(k.v,) +pno(#)k(k.v1):s, e.zo

F,quation (2.27) cu be orpressed in a dimeosiodess fom., as

w2vt - k(1+ 0t)k "r) * [(a.v1)k- (r.k)vr* (k .vr)ill(k.e)

-k (k . 
"r) (H3 - eo) : o. 

@.zB)

In Equation (2'28), 
" 

: 
ffiis 

the dimensionlese para,meter, showi4g the
ncmalized ?'fmfm enerry which is riire to spin magnetization. The aborrc orpreesiou

givee the relation including gtratrtrrm correction, i.e., spin mngnetization

euerEf due to spin effect, Laadau plessure due to quantizirg magnetic field and Bohm
potedial.

2.3.1 PerpendicuLar propagation

Iu case of pependicular propagation mode, yrc consid€r k. D :0 and obtain the
disperrsion relatio from (2.2g),

uftr-k(1+ gt)(k 
"r)-k(k.v1) (rt _eB) :0, (2.2s)

futbetr by aimplification, i.e., k'yr = ltur, @e can easily a,rrive at the fo[ocriqg result

|*9t+H!-ef;.W:k
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Under the cmdition; eB > (1 * 9t * t/3),tl"maguetmonic waves become nnstable. In

the presernce of very stro4g magnetic field like due to spin magnetization if it orercomes

all other quantum corrections then the growth rate ar' at whieih magnetconic waveg

become unstable can be written as

us,: ktl"i- $+ 9t + IIA. (2.31)

2.3.2 Parallel Propagation

Similarly, in parallel propagation wlren k.Vr1 - kVn, we obtain the relation for longi-

tudinal warrc propagatim, as

U:k (2.32)

Etom Equations (2.30 and 2.32), it is clea,r that the urstable modea of waves in case

of dominant spin effect orrcr other quantum €trects could be affected and if the spin

effect is ignorcd then one can obtain agaiu the ea,me geueral MHD wave propagation

fo quantum plasns as in Equations (2.19 and 2.20), respectively.

2.4 Results and Discussion

The study of dense astrophysical systenrr delivers basic information about the errclutiou

and structue of stars and gala:ries. The elcact description of mechanical as well as

themal properties of dense astrophysical objets need mce specific knonledge of EOS

in dense astropbysical plaonas. It is noted that in the errclution proceEs, usually the end

product of the Eajodty of stare are converted into the WD whce size is approrimately

equal to the earth and mass equal to the NS. Ilpically, the WD has the strength of

mag!€ti,c ffeld - (106 - ld) G, iuterior density of the ordff of * LO2pcm-B with an

average electron temperatnre - l(y'k [ ]._ Th" discovery of pulsar has shosm the

presen.ce of NS in unirrcrse. While mngnetic nia 
"tr""Sth 

has been determiD€d in the

NS in the range - (1011 - 1013) G. F\utherm.ore, depending upon the mass and age

Ft+Ir3-e3.
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of NS, the arrcrage value of temperature (106*) iudicates its photoepheric properties.

Moreover, its numb$ d€nsity of the order of - 1gfBr*-t depends upon the value

of the strcngth of magnetic field and thernal temperature [ , ]. Generally' the

plasma is assum€d as non-isothermsl f. > 4. Ebr 4 : 1001i that is for dense

astrophl,sical elntems if n: lfl6;7rrs, 
""(: 

fd*) <Tr"(:10?*) and ?: -- 102*

then V" : L.7 x Lff unf w, and % : 9.09 x lt crn/ w, that means U <V..

The folloqriry assumptions have been taken which are valid for the system under

consideration such as WD and NS (a) rhl} : 1, here \a: fu ig the de Broglie

waveleugth; Fbrnnmberdensityof plasoa naavl.Txl}Nann-srorecanobtainn6.\| nt

3.02, which will confirm the validity of wing the QIvIHD model. (b) ?: < Tsi as the

Fhrmi termperature of electron is proportional to the ntmber deosity, i.e., Tp * ,fi.

For no ev l0Fcrr-3, we have Tp x L.3 x 107 *, and this value is greater than rystem

temperature. Therefoe, the condition 4 < ?F iE valid for degenerate electrons in

quantum plasma. (c) Eo b Ept where Eo: m"P is the reEt unss enffry of electrons,

and degernerate electrons a,re assumed to be in the non relstivistic regime. L€t for

Tp = L,3 xl}t it, we derive Ep N 1.78x 10-16erga and this value is much smalletr tban

the electron rest EasE energf Es 
^, 

8.19 x L}-Laergs. Therefore, in our crrrrent study

the condition Eo b Ep holds.

It is con/enieot to describe that the thermodyna,mic properties of degenerate plasma

in the presence of strolg magnetic fields ie significantly modified. We knour that Landau

lods may be aralyzed in the presence of the magnetic field. Tte ratio of cyclotron

enetrry of electrm tbt*) to rest nass"€D,ergf of electron (m.P1givee the term b -
0.0016, as D : # : ffi which rrcrifiee the conditiou of non relativistic plasma.

Here, II12(nl 5;#rA) denotes the value of the magnetic field scale for the s5rstem.

Also, the atomic unit of the strength mrgnetic field is calculated as llo : 2.35 x 10eG

fromflon: e2/h, (* oo is Bohr radius). Now dimensionless magnetic field strength

can be d€fined I o1: fr : +,where 
cy is the fine structure constant and has a ralue

- 0.fi)72. In oru current study a1(= 30) ) 1, the electron cydotron ercrgf (fiu-)

becomes greater than electron thermst energf @af) as well as Fbrmi energf (kaTr)

and hence majority of electrons adjut themsehres at Landau ground state. In case of
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Ft8lue 2.1: Numerical diagau qf Dolmrlized dirperoion relation given by Equation (2.1g) of eMHD
wave iE shown for diftrelrt plasma mrmber deority rr guch tbat z : l0ucrn-s(ttia<. Stuc). B x
102acyn-3(Dotdashed, Green) and5x r0rn-r-oloashcd, R€d) with7i : igi d;;;il: iOiC.

01 ) l, the electron spins are aligtrd antiparallel to IIs. It is knoum that the orbital

motion of ious i8 slso quantized but the cyclotron freqtrency is mue.h smaller and hence

ignor€d here i.e., futr; - lu*(m./mt). similarly, for a1 > l, the magnetic fielde a,ffect

the iuteraction a,mo4g difl€rent particles euch as molecules, atoms and protors due to
high s'),clqtrroa ercrsr oren tlpical electratatic euerry t ]. h the preseo.ce of a stro4g

mqguetic field the bindiug eoerry of atoms and formatioa of molecules is altered and

therefore, the quantum mecbanical calculation of biuding energy cau be folnd iu Reft.

[ , , ].

Now we graphically represent (o,r vereru lc) the already obtained theoretical results

so thst to vig,alize the complete pict,re of quant,n efiects on MHD waves. usiry
the aborc numerical data in Equation (2.17) and Equation (2.28), the modification in
dispesirrc properties of low frequency wavreE have been observed by rrarying the nlmber
density (n) and magnetic field (Ito).

Figune 2.1 represents the effect of number density of plasma on the perpeodicglar

MHD waneaode (uiqg linear dispersion relation 2.19) includiug the Landau dir,n"B-
netic effect and such a tylpe of warrc is loagitudiral in nature. It is exa,mined thst the
increase iu nurrber density (1d4-5 xr}ucm-s) at constant magnetic field (r0ec) will
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Figure 2.2: Numerical dia,gra,E of dirpereion relatiqr grven \r Equation (2.21) of eMHD wane
is Ehoua fos diftrent magetic fields such that IIs : 8.0 x ldG (Thick, Blue), B.E x ldc
(Dotda*e4 Grm) and 4.0 x ldG lOasma, Rd) with A : 102 * and n : L}xr:rit-s ,where the
(rormalized) wave frequency and (normalized) rmrrc number are preoented by vertical and horizontel
axea reapectinely.

cause to increase the phase velocity. Phyeically, it can be interpreted that the nlmber

deDsity of plasma is invereely proportional to Ebrmi screening therefoe by increasing

z, decleaseo the Fbmi screening length aud so trtrs dispereion of warrc iacreases.

Similarly, Figule 2.2 shoun the eftct of magnetic field on the parallel MHD wave

mode (ruing linea,r dispersioa relation 2.21) iucluding Landau dia,magnetic effect. It
has been shoxm that the urave frequeucy decreasee with the increasiqg of magnetic

field (3 x ld - 4 x l08G) at constant mmber deosity (LO%en;t!.It mea,ns that with
increasing I/o boud state increascs and hence leeE uumbers are then iuroh/ed with
dispersiou as a result the phase rdocity decneases.

Figure 2.3 shovn the eftct of number deasity of plamra on the perpeodiarlar MHD

warrc mode (*rqs linea,r dispersion relation 2.30) includiag r,andau dinmagnetic effect

aloag with spiu magnetization and this warrc is lolgitudinal in uatrue. It is obsen/ed

that increase in number deosity frm 1025crzr-3 to g x L(PF:crn-s at f:red magnetic field

-. (r010G) will ca,se to increase in phase velocity. Both the spin pa.li mrgnetism aad

Landau dia,magnetism depend on the magnetic field.

Accordiagly, quantitatirrcly the effect of Ho (7.5 x lOe - g.g x l0eG) at constant

50



-

- 

nr lgrlgfi{
nr ? lgelEml

. nr,,1025cff3 1
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Figllre 2.4: Numericel plota of diepersion relation girren by EquatioD (2.:12) of eMIID weve are gho,mr
tor diftrent mr+,'efis fietds i.e., Ho:7.5 x ldG (Thick, if""y, e) ;igrA i*,a*;;;;and 8'E x loeG (Dashed, REd) with Tr: rG* and n : I0ft;;-i,*o*" r* (aormarized) wa,efiequency and (normalized) wane nrrmber ale prceented b!, yertical and horizoatal axee reepectirely.
Other Para,meters are consid€red as in Figurc (B.B).
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nu-5"g deusity ( 10P0cm-3) is ehoxm iu t'igure (2.4). This describes the eftcts of IIo

on the dispersive propertiee of parallel MHD wave mode including Landau dianafleti'lc

effect along with spin effect (Equation 2.32). The same trend has been observed as

that of Fisrlre (2.2).

2.5 Conclusion

Impact of quantizing magnetic field and spin magnetization on the propagatiou of

low frequenry MHD waves has been thecetically iwestigated in quantum magneto-

plasmas. Using a[4m model a linear disperrsion relation has analytically derirrcd.

lSs.lispe6ion relation has elabmated both qualitatively and quantitatively f(tr dense

plasma h the preeence of quantizing magleti,c field and spin mqgnetization. Tte im-

pact of other ptasma parameters such as numben d€nsity (z), temperattue (?), and

megnetig field (IIo), ou the dispersion relation 6f mngnetoacoustic warrca, has studied.

The perpendiorlar and paratlel modes of wane propagation are deduced. Shme novel

branches of magnetoaooustic waves were found, which have no analogies without the

Landau quantization of magnetic field and spin effect. It is Doted that the longitudinal

wave propagation in the direction of magnetic field strong[y depends ou the magnetic

field while in the classical limit the magnetic field has no such a role. We have found

that the contrib'trtion of epin of electrons a,ffects the Alften propagation mode and the

condition Ft > | should be satisfi€d fu spin Pauli magnetizatiou. The mriation of

the dispersion features for differeut number density of plasma associated with quantum

correctiotr (i.e., Bohn potential, Landau quantization of magnetic feld and spin effect)

were also oplored. Mostly, in plasmas tbese qnaotum correctiona a,re very small; hon-

ever, they may be relevant fc dense astrophyeical systems h the presence of stroug

magnetic field. It iE found that the effects of the quantization of electron orbital motion

and that of electron spin have a substantial influence on the dyna,mics of magnetosouic

waveE. The crurent Dod€l in the contact of Landau dia,nragnetic preEsure aloag with

spin magnetization is sufficieft to study the astrop\rsical plasma environment odst

ing in the compact systems e.g., white dwarb, neutron stsrs and maguetars. Also at
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; laboratory level, it sutrces to study the perturbation in solid state objects (i.e. metals

and their nanmtructures) and in iuertial confinement pnooess€o as wel[.
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Chapter 3

Effect of Temperature Degeneracy

on Spin Magnetosonic'Waves

3.1 Introduction

Recently, the quantum plasna bave gained much intereet osring to its potential appli-

cations in miniaturized electronic deviceE [ ], laser induced plasma [ ], astrophysical

compact systems lil.e WD, Ml, mngnetar and pulsar [ ], ultraffld plasma I ] *d

so otr. Quantum plasma is tuually characterizd by hrgh deosity and relatively low

temperature para,meters. Ebrmions (i.e., partides with spin of one half, e.g., electrons)

in such a qrctem obey Pauli's orclusiou principle and that's why follon, the frmiliar

F.D statistics. In quantum plasma, spin effects play an important role at a scale of high

demity with los' temperature and stroag magnetic field. Ihere has been a great deal of

iuterest in errcitations of collective modes iu spin qletem, such as spin waves [ ]. Th"

coupling of spin waves to the femionic degrees of freedom producee the da,mping of

spin waves which msy be orperimentally measured. Usiry quantum theory, the study

of plasma along with chargpd pa,rtides has gained a lot of attention in astrophysical

objects e.g., strongly nagnetized plasma [ ]. Cheng and Wu [ ] iuvestigated the

epnn 12 effects associated with electrons in quant,m plasma and derived the basic

equations by assuming spin-orbit coupling effect. Fluther, it has been found that spin

atigu.m€nt may be induced in such a plasma through spin-mbit coupling by the in-



teraction of Langmuir waves with EM waves. Similarly, on the basis of MIID model

us'ng the non relativigtic Panli spin equstious, WaAg 
"t "1. [ ] investigated the spin

effects associated to elec'trons due to the random qieutation of the plasma partide in

a ron urifum magnetic fi€ld with one-body partideantipartide Dirac thecy of eleo-

trons. the physical propertiea of the magneteonic solitary wavEs (MflWs) induced by

head-on ollieion have been rcpcted in quantum na,gnetoplasma with spin-l/2 rcn'

relativistic degnerate electron I l. Igb.l et al. employ€d spin quantnm kinetic theory

to study the spatial and tempcal da,nping mechanism of the right hand€d circtrlarly

pola,rized (RCP) waves fG both non dqenerate and degenerrate mrgnetized quantum

plasma. Accmdiqgly, a epin-modified dispersion relation is deft/ed for such RCP-wavee

in electron-ion (ei) quantum plasma [ ]. Sharms and Chhajlani [ ] studied the spin

effect due to iduced maguetizatiou, electrical r€Bistivity and viscosity of medium on

the Jeans instability of quantun plasma embedded in the uniform maguetic field by

usiqg the quantum MIID model. Shahid et al. [ ] studid the EIVI waves in ep plasma

rrsing notr relativistic spin quantum fluid theory, they predicted that Fbraday rotations

appea,r with th€ inclusi@ of spitr eftcts of plasma species which is abseil in normal

Fp plssrDa, i.e., without the presence of sprn effects. The influence of spin eftcts to

linear EM wave modes iu den* magnetized plasma harrc beern foud by Hu 
"t 

,1. [. ]

in arbitrarily directiou, where it is shosm that spin efiect has more significant role fo

lon, frequency mode as compared fo high frequency mode. Recently, Andreev has sep

arately d€scribd spin-up and spindorm effects for electrou partides ruing quantum

hydrodynamic (QIID) model and introduced a new general mathematical fcm for warrc

eolution. It may be appeared as a sound-like solution, which ie called as spin-electron

acoustic warrc [ ]. Th" €ftcts of quantum comections, i.e., the spiu magnetization

energf, and arbitrary temperature degeneracy along with Bohm poterntial ou the dis

pensive propentiee of sprn MHD wave in magnetized epi plasma harrc been analped

by Mushtaqet al. [ ]. H"r" and Sha,hzad [, ] have also studied linear and non

linear propenties of ion-acoustic waves and magnetconic waves with eftct of arbitrr5r

temperature degenenacy.

Degenerate plasma orits at high number density and relatively low temperature. fbr



such higb densiry plasma, the mean iuter-partide distarce smallff (o of the sa,me Gd€tr

as) the de-Brogtie warrc length and are folloniug F.D statistics and linkd with Fhrmi

velocity, ar(: fi(3#rh)'/s). In d€nre astropfusical environrneute degernerate quantum

plasma can be orpected to occur natrually. On other hand, non degenerate (classical)

ptasma exists at low uumber d€nsity and relatively high tpppsrature' In claseical

mechanics, anern though the propertiee of all particles are identical, they do not lme their

iudividuality and are easily distiaguishable from each other. Therefore such a regime

of classicsl plasma obey Maxurcll-Boltauann statisticE. Absolute non degenerate (and

degeueratQ plasmos caruot orist in universe. Ilovurer, at low temperature and high

density the equilibriun distribution of partides variee from aon degenerate (classical)

plasma to F.D distribution (degenerate plasma). The presstue in quantum degenerate

plasna arises from the combined effects of Pauli's arclusion principle (obeying F.D

distribution) and Ileisenberg's uncertainty principle due to wave-like nature of the

particlee shqm b!, Schloding€r's ware equation, which is dependent ou the nunber

density of plasma but is iudependent of their oum temperature (thermal). The ions

can be assur€d as noo degenerate because of their heary utase aa compared to the

electrons (and positrons).

In this Chapter, we study trtrs .linpersiv.e features of lonr frequency MHD wavee ir
magnetized epi plasma with quantum Efiil-Ll2 effectg. Here the main objective of

this wuk is to study the quantun onections, i.e., the degree of termperature degen-

eracy and spin magnetization of electrons (and positrons) dong with Bohm euantrrm

potential on dispersion modes of MHD waveE.

3.2 Basic fbrmulation and dispersion relatioin

Let us oonsider aa epi quanturn plasma in which electrous and positrons ale treated

as partially degenerate particles. Both the electrons and paitrons follonr the arbitrary

degenerate pres$ue's law. Moreoven, these particles have spin magnetization etrergf

due to spiu effect and quautum Bohm poterntial associated with density flrrctuation.

Ou the other hand, ion particles are assumed as non degenerate (classical) due to their
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ll large inertia. The plasma is ta.km in the preeerce of octernal magnetic field having

direction along the yz-p|anei.e., Bg : Bo(coe0 0+sin0 2) with i a'nd, being the unit

rrcctcr, where 0 is the angle tbat lies betrueeu magnetic field and propagation vectc

k(: hg). In curreut situatiou, the neutrality condition at equilibrium can be defircd

as ,tco : mo * 1po, whue n6, r\o and nio are the unpertrubed number densities of

elec"trors, pcitrons and ions, respectively. The a,mplitude of mcillatims is conEidered so

small that we crn easity solve the systeim by us'rg linearized equations. The linearized

eqlations of momentum and outinuity of the given dyna,mical system are given as

und€r

nio*tff:nioqi(Er*ry

and

'ni)+W-v(s.Br), (3.1)-vPt+#v(v

%*n;n(y.Vi):0, (3.2)
il , .,ju\,

where nio(ni represents the unperturbed number d€nsity (first order perturbed num-

ber density). Hene the eubscript j stands for particlea e,p and d (electrons, poeitrons

and ions, respectively). While \/j is the fluid velocity, ro5 is the mass and q; is the

charge of je particles, c is the speed of light and h(: #) is the reduced Plank's

consta,nt. The geometry of EM fi€ld is corsidered in such a way that the pertrubed

electdc snfl magrefic fields can be orpreesed, as E1 : Eri and 81 : -(clc01/w)Z,

reapectively. The third term in right side of momentum Equation (3.1) is the quantum

Bohm Potential that a,rises due to d€Dsiff fluctuation (orcrlapping of wave frrnction)

and accodiugly the last t€rm is the magnetization energy due to spin effect of elec.

trons/positrons. AIso in the aborc correeponding equations the para,metq pi: #
ehosrs the magnetic momeut and while s being the spin rrcctc. Therefore, in terms of

Bobr magnetot pB : l*l the magnetic moment-rfor electrons (and positrons) can

be ynitten by relations t pc: -ps (aod pp: pe) with rn" : nlp: m.

Resa,rding to preasure, it is supposed that ion folloun the Maxwellian (non de
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generate) pnessule law, i.e., 4 : niKaTi inphnqg thst the pressure gradient force

iE ve - ?.vn;ksG, with ti beiqg the polgropic index. A quantum thsmal eleo-

tron/pcitron gas corresPonds to a F.D distdbution. A local qnasi-equilibriqm F.D dis
tribution firnction for electrons/pcitrons is grveu W I@, r, t) =

1*orp(*L-pY
@)here e"(: mv/z) is the K.E with v is the micrecopic velocity, p is the\ ff#ja

potential term which cau vaty in the ra,qge from -o to *m and f is the theruro
dyna,mic temperature. The EOS for a degerneate gas is described by F.D probability

diskibution has two indepeudent parameters, i.e., oue is T and the other is p. The ther-
modyaanic temperatue ? is the main para,meter for near-teequilibnitrm Ma,xnrellian

particlee while ou other band, the chermical potential p is a unique paraneter which

has prominent role in the energy spetrum of degeoerate gas. Themefore it is interestiag

to ora'mine the different modee of warrc propagation with EOS in which these two pa.
ra'meters, i.e., p and ? horrc equal relevance. Thie situation is more relevant to systems

which are neither complete degenerate nor clce to classical (non degeuerate) statistics.

Alternatively, one can also say that it is more relevant to slntens where thermal and

Fhrmi temperatures are of almost sa,ure cde sf megnifirde i.e., T p Tr. The orpres_

sion fc electron (and peitron) pressure in tsms of polylogarithmic function can be
written in the fo[owitg geueralized fonm:

P:GnkoT, (3.g)

with G(: 
ffil beiug defued as a,rbitrary ternperature degeneracy with ther,al

temperature ?. Ore can obtain a goenalized relation for Ma,xurcllian pre6sure as

P : nkaT in the limit of omplete uon degeneratc case i.e.; G : r.Introduciqg the
sommerfeld lemma [ , 7, F: xrTrlt - "-#]and therrefore Ia( : 

" (, - "*#)that implicates Gno : o(r - "-'#). IVe obtain the pressure in case of nearly non
degenerate aad nearly degenerate respectirrcly, as

,""r: nk.T(t*#1,

-
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and

pno:lnkaTn(r- "*#1. (8.5)

The derivation detail of above three equations is Srveo iu Chapter one. Norv the

Ma,lrntell equations for the oonsidered qntem a,re girrcn, as

VxE,:-1oB'-c 0t'

v x 81:143' +!tr.' cilt c

th,king the ctrl of Equation (a.ti) and then usi,g it iu Equation (3.7), one can obtain
the followiag relrtion

uzE,r + i4nuJ1- 3k2E,t,

where J1 is the total curnent density which is grveo by

J, : D qrnrvl * cJ uc a sl ut.
i

Here Jv' and Jlae are aae the nagnetizatiou spin currents of eletrons and positrons

respectively, which are defined by the follonriqg relations:

JM.: -Y x (2n.psa/h), (3.10)

Jup: -Y x (2nr1tsa/h). (3.11)

Iu spin epi quant,m plasma, the spin ermlution equation is defined * # : T@t *
B), where the spin-thermal coupli4g terrms a,ne ignored. The exact terrm of spin inertia is

f; *utu i' atso caira spin a,qgular frequeucy. The spin angula,r frequ€ncy of ion is low
as compared to electrons and poeitrons because of hear,5r mass. The ryration radius
and time talren for revolutioa of ions is comparatirrcly smaller thnn for consideriag

(3.6)

(3.8)

(3.7)

(3.e)
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electrons aud pcitrons. under the assumption (r.r 1u6 I unruq), the spin inertia

can be neglected and we obtain the spiu equation of motion as si x B : 0, which

bas the soluti@ si : .|railor)B. under the aseumption of considered geometry the

solution for gprn particlee (electrons aud pcitrons) 
"o b" unitten as

* : -f;n"(ae.)(w o0 + sino 2), (3.12)

(3.13)

and

+ : -*qr(a6r)(w ofi + Ftu e z),

where La,agevin para,meter q(ad: tanh(oc) is due to the -agEetization of a spin

distribution in thermodyna,mic equilibrium. Here, the term o.(= W) is tbe ratio
betrueen magnetic energr and thermal euersr. This term ie modified by tempenature

degeueracy aud therefore for NND regime, we have

ANND:ffi, (3.14)

and fc IYD regime, the term can be written in the brms aE

- 5 PaBoaND:iffi. (B.tE)

Tb study the linear perturbations, let us asEume that all the pertrubed quantities in
the plasma syetem are proportional to si(tarut)rthen F,quatiou (J.r) may be orpreosed

for ions, electrons and pcitrons, usi4g the concept of rinea,rization, as

- im;nnxwy;t: niae(r, * ry) - d.t,ndKaTihi, (3.16)

-n*nn u.r : -zc.€ (r, * ry) -iG "nak sT.ru -'u'#!", fi +il1 
"(a6")n.s 

p p B ft sin 00,

(3.17)
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G

-hn npy p1 : t\oe(r, * ry) -iG orqlk oTrr1 }tr#' 0 -irt o@er)rq p B ft dn' ofi -

(3.18)

$imilsly, the linearized continuity Equation (3.2) bcomes as

nrr:@g .vrr. (8.19)

In mqgnitude form, the magnetization current density for electrons and positrons can

also be written as

JmcL = iq.(oc")napsk2Urr$n0f w, (3.20)

and

Jmpr : -irl o(oe*)W P rkzVvst dt 0 / u - (3.21)

Tb study the dispersive features of loff frequency maguetoacoustic wavee in a magne

tized quantum epi ptasma with spin effects in arbitra,ry state, we solrrc

Equations (3.16)-(3.21) ,long with Equatim (3.8) to get a generalized dispersiou rela-

tion in the folloning fmm

.lffil .,+1.ffi,,1
f (t- A)r' .-l . @.22)*l@1,

whene opi(: ,l@,") and a.r6(: #) * the plasma oscillation frequency and cy-

clotron frequency of the ;rtr speciee, reapectively. 1a rtispersion Equation (3.22), the
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spin effects with arbitrary degree of tempenatnre degeneracy appea,r in 7"(a6") and

qr(aer).Ilere ,{i : W, n": l# * #)# and .4p = lry * #)$ ,o
the dimersiolees quantitieo, while V7,5(- tl+lis th€ ion thermal velocity. Fbr the

case of NIYD, these dimeDsionlesE para,meters frr electrons and positrone; A. ud 4,
respectfuely can be written as

A^NND:\T(.#) .#lS,
ad

gxro:l#0.F) .Hl#
Similarly, iu terms of ND, it can be orpressed as

AeND:lWrn(€")+ #)5,

(3.23)

(3.%)

(3.25)

and

hn,:lffirn(€J+#l# (3.26)

In Equatiors (3'23)-(3.26), the firgt term show that the temperature degeuerary effet
(because of F.D particle distributiou) which iE cmiry tbrcugh the definition of ( _

"*"'' lVhile the seoond tsm in the sane equations indicates the oontribution of
the respective quantun Bohm potential eftct thst a,rises due to deusity corelation
and is proportional to the order of h2. The generalized dispesiou relation (8.22) in
ffus limiting cases a,re disctused belo,w for investigati4g, the spin mqgnetization and
arbitrary temperature degeneracy effects on the propagation of MHD wave with reEpect

to different aagtes.

3.2.1 Perpendicular propagation (0 _ r/2)
Iu this case, we consid€r a compresaionat magneft6ragoustic wave with lon, freqlency
mode' The inertia associated with the electrons and peitrons is takeo to be smdl such



that o2 4 r'n, r,u|. Qrantum efiects, appearing in ,4" (and r{r), become important

fo la'rge wanrc numben and therefore tbe limit can be assumed as ar2 < ,i-e., Goh.
F\rrther, bD, ign.qing tbe Hall efiect, it is c@Eidered that arz < wzo and so ,, 4 rrn,

ar|. using these assumptioas F,quation (8.22) can be reduced to the fouowing fcm

,': ffilW.W. H{d,[r - ,t@c)t+6,[1 -,fi@n)Df . (s.27)

Equation (3.27) shows the compressional mngnetsscouEfic or fast MHD modee in quan-

frrm sFpi plasma. Here the modifed aooustic speed is Ur(: tlvfr,+ OrVl*+ 4U4y
with vqp,"(: ,fe"u"1beiug the thermal speed for electrons and positrons with

arbitrary tempuatt,e Also ya(: 7#t) is the Atfueo velocity and

tn : V" is the sprn modified Alfveuic velocity.

Other para,meters in Eq,ation (8.22) are defircd u g.: (ff)d", gr: (ff)6, wr:fr

6. : * ard dp : tu. Therrefore the spin modified version of the Alfi/en rrclocity

has an important role in propagation of waves which depends on number density of
plasrna and temperature degeoeracy. This constant quantum correction produces a

coatribution to tbe linear pution of magnetosonic wave. The other ouretion that is

not cmstalxt which is due to Bohm potential of order /ca and depends on the number

density of electrors and paitrms. The degree of temperature degeneracy by lsing

F.D particle distribution is comidered h the third cqrection. Equation (3.27) can be

ynitten for I\IND and IYD rystems with defuitions of Gxyo and Gsp in tbe foltCIiling

foms

u N ND = +f t, * ry - *"q'(axLo)p cta 
)v} + vf,, I oi' Lsreo g + fil orl't

\/vi+c | +rfrBtr'6 + ft)g.+ #{6elt - fo@xxo)J +d"[t -23("r_r)l] J'

6:t



& [ t, * W -,-r.Grqo)t 
o,.a)vi+W,+?#0 _ #o;r)Uo|','b)ND: 

- 

I

\/vi + c | 4*tr - #o;')p.+ ffi1tr1r - nl@No)l+ d"[l - d@xo)ll ]
(3.2e)

Equation (3.28) relatee the arbitrary temperattue degeueracy lnra,meter though

€r, which has been nodified both the spin and pressur.e terms for NI\D plasma_ For

complete um degmerate (CItlD) eranf,rrm plasma, i.e., €",p + 0 one can get relation

(11) of [ ] for zeo pcitron cmcentration. Ou the other hand for the case of complete

degenenate (CD) plasna (7.,, - 0), usiqg Equation (3.29), one carr easily retrierrc re
latio (16) of Ref. t ]. ft is to be noted that warrc propagation mode has been greatly

impacted for both NND and IYD systems by the desee of temperatnre dqgeneracy.

Ueing the following dimensionless vadablee

u
w - -, 

k+kAre.
U7i

The dimemsionless form of the dispeaion relation (J.2g) can be unitten as

,?t n o:kz (Vi^n no t Vj,* n o + kz rtv nN ND), (3.30)

hene

t, t*nn,
Y AnN N D : # - u*" r/G*rr6i-;;$ 

"(o,vroa"),

where 1 n p : W, t hu : W atd. vaa, : ft .

vsoxxo:W, vsxxo(=@. (a.az)

Here V7,v : fr, Vepr : fr ""a 
Ve.x : fr. u the aborrc representation (S.30),

h2He = *- is a dimensiouless para,meter which arises due to the collectivet@
electron t,nnelling effect thrulgh the secalled Bohm poteutial and t[*pryp : dp[l -

u

(3.31)



4@xxq)l+ d"[1 - d@xn,,")1.

Similarly, the dimersionless form of the dispersion relation (3.2g) can also be u6it-

ten, as

,2yo:13 (f^n"+*c,,rrr+ Pfi:VnND) ,

whene k+k\p" and dimeosionless para,meters a,re

(3.33)

(3.34)

(3.35)

and

v,,r,vo : dp[l - nzo@xxdl + d,[1 - q|@Nxo)|. (3.36)

3.2.2 Parallel Propagation (0 : 0)

Let us assume that ware propagates ia the direction of magnetic field (along the
z-a:ris). Therefoe Equatiou (3.22) iu this case, feldE

w2-&kz:&.&.& (a.Bz)

Under the ass,nption of low frequency limit i.e., w2 < u2o, uz < ,L, ,, K ,rn,
wz < 3k2, and m < mtt Equation (J.87) gives us a, : /cy4, means that the spin and
other quantum cortectious are rlranished for Alfircn propagation mode, because the spin
(.loos the z-a:<is ) will be aligned parallel to the uacrrsround magnetic field (Be) and
therefore does not couple with the pertrubed magnetic field.

3.2.3 Oblique Propqgation (0 _ rl4)
Here in this case we use iu Equation (8.22), the MHD ass,mptions i.e., wz < w2- <
,L, ,'*; w2 < 3k2; gp K ,rAo; w2 < w2A. end,after some steps of algebra, the



foUouritrg relatiou is obtained

CIC l, 2orrpt'r4(or*,"ar) 2trn6p2sq"2(orivo") 1 f u?rxo-WJe \ Cr'nnof-ry*e 1l:\ffi)W

for oblique MHD propegation mode, in NND plasma. While for ND plasma we have

,-
' ,,1+(,*,*) *#1

3*'l, z""oph4(onrr)6L'-W
, Snna,1ane@Na)&'@

(3.38)

(3.40)

(3.41)

. 2trn6sp2sq3(",ro) I* 
Eft"r"l"(et+el

8trn6pst1"(o,nn)&

I G*o - v1rk' \ 3:\m)w
(3.3e)ffi'

Equations (3.38) and (3.39) can be orpressed in simplified form as

annouanno -bxx2lut?1t71'7o+ cxjyD : 0,

and

onruan, - bxilfxo+ crvD : o.

The coefficients in Equation (3.40) for NIYD limit are defined as

&rna6peq"(ayypn)8&nna1t ar,r(onnro)*
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bnno:W*(ffiffi).w
Oo, (, - 

hrnep2g4@.!r!o) * 2trnapzarf(arxd \
\ o;tKera,(r* #) + ff o;tKsrp"f.#) * # )'

cx,,D:ry(r-ffi.ffi)
(3.44)

The dimensionless form of the dispereion relation (1.a0) can be written as

dnnouanno - 6xx*t2xxo+ i,*,", = 0, (3.45)

6*no :Vilr+'l"eqo(axrq)-r,'D-.AFrt.M-

and

'lrn?.(o,xxo.)M,
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.J

idt.(o,rvr,-)
* ,t) W.x + HZ) o*'

Here,y* : W, r* : W, i,w : W, afi ip : W" .

Similarly, the dimeusionleas form of the dispersion relation (S.al) can be unittm as

dnrrnn, - 6x*fxo * dno :0, (3.4e)

6tro:Vilr+ffi-ffi, (3.50)

(3.53)

a.=ry(Mffi) o*,

Equations (3.a5) and (3.49) a,re in the forms of biquadratic equations and caa be solved

aa

and

and

bnno *
u2n*o:

u2*o: (3.54)



af Ehom Equations (3.83) and (4.84), it is concluded that oblique MHD mode is eub

stautially modified by inoorporatiqg the qnantum correction terns (Bohm potential,

degree of temperature degeoeracy in pressure terrr and in spin mngnetization for ep
particles)' highlightly impctant and interesting features in the propagation of flrch a

hpe of waves.

3.3 Results and Discussion

Fbr numerical nn4bnig, trfos.lispersicn relation (3.22) is solved to iwestigate MHD wave

in three species (*pi) plasma b!, Erying different raalues of a,agle 0, sph magnetization

energf and degrce of temperature dqgeneraf,y. This situation car be plotted with
the help of some numerical data of quantum plasma takeu from dense astrophpical

systemr' A compact dense ashophysical rystem fqms the endpoint of stellar erdution.
f'rrmia615 sta,rs lme their nuclear enetry souroe in a ffnite time. Finally all the available

energy of stars is coDflmed (stellar death) and the stare collapee to form compact

dense stars. It has been obeenrcd that the compact systems Uke WD and NS, as a solid

state are oppced to the gaEeou' iuterior of alr othe stars. ccrespoudi4g, in theee

compact dense astrophpical systems, lnra,meters such as uumber d@8ity, magnetic

field and arbitrary temperatue degeueracy vary over a wide raqge of val,es. The
number deusitiee for such a dense plama variee about n : (1030 - ldo) m-s and their
temperattueo a,re ?<fdl? [ ]. Similarly, tr[s mrgnetic field in the WD and the NS is

predicted upto Be ( 1010?eslc [ , ]. Th" Fbrmi temperat,re of degenerate pla"-a
depends on uumber density i.e., ?r x n2lr has numetrical values for IyIyD plasma to ND
plasna - 10a to 1d*, reepectively. other para,meters are ta,ken as m : 9.1 x l0-31kg,

r\ : 1.67 x 10-27 kg, c = 3 x lffm f au, &a : l.Bg x l0-B J / k, e : l.66y2x l0-1ec and

h: 1.05 x l0-31"I-sec. The change in magnitude of parameters, such as, temperrature

degenerate fWaciW (f), temperature ratio o, maguetic field and density will modify
the dispersive propenties ofQMHD warrc. the present uork is related with borderline

system (Ts x ? ) i.e., neither complete non degenerate regime nor complete degenerate

regime. Irou,re, NI\D is slightly differentiated from ND by intermediate regime.
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FigUre 3.1: Dieperrim diagra,E gven by Equation (l.BJ) for perperndicular propaggtba Eode
of IVIHD-seve in IYD plasne with diftrent electr,onts concentration eftct euch that n"g : I x
10sm-31soru _bhck lirc), 5 x l0sm-3 laasnea bbck rine), lffm-s t-na J"iirrl ,itr
nil = ld2m-3 as a ffrcd value. Other psrameters o,rre (r" : 2, or:2 a,rd Ao :5 x tffiegti,
where a.r(: fi, donS horizontal axis) and &(: ,tlr", along v€Etical arrig).
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Figure 3.2: Diepeaion diagra,E given by F4uatiou (J l0) fp1 perpendiorlar prorpqgation mode
of IIIHD waw in NND plasna with diftrcnt electr,on's coucatration effect $rch tlrat z"g :I x lOztm-31so_lia ua* rine), 2 x lCFm-s (dsshed brack rine), o x tdi-:ii**,*'it*l
1rth ,ro - lQ21*-3 as a f,rred value. Other parametere ate oe : 0.02, op : 0.011 ani
Bo : 5 x.Ld?eslc, where w(: *, aloug horizontsl axis) and fr(= Iclp,"l ebng rartical
axis).
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FUure 3.3: Disperoion diagsn gvem bY Equation (3.30) for perpendicular propagetion Eode of
MHD vnne ia NND plesma with diftreut valnee of quantum temFersture degeooacy factor euc,h thst
oq op : 0.02' 0.02 (solid black liDe-), 0.04,0.04 (dashed hlactt tias), 0.06,0.06 (solid red line).
Other parameterE are na : lfr5m-3, W: ldim-3 and Bs : 5-x lffbey-.'

The influenoe of electrons conceotrati@ on the dispersion of magnetosonic wave

(*irs Equatiou 3.29) for ND (and NND) plasma is repreeented in Figure s.l (and
Figurc 3.2). In Fig,re B.r, the normalized warrc frequency o (i.e., a, : fi) as

a function of normalized yravenumben tc (i.e., p - ftlr") decreasee by increasing the
electrons nunber deu'ity of ND plasma za (rOP - l0ilrn-3) at a fixed o,rmbs density

of positrous (4ro = 1032m-3). As increase in numben deruity of electrons will ca,se to
decrease the wave frequency with more degeneracy factor and therefore it will enlarge

the Fbrmi screening length. the eame trend is also ehoym in Figure 8.2 for in case of
NND plasna with electros numberr deuity (1 x ld5 - 6 x lO25m-a; at a fi:cd nunber
deEsity of poeitrors (np : lfim-s), where the vertical axis (borizontal ar.i") shocr'

the normalized wave frequency, ,: * (uormalized yrane number, tc: &.rpp).

The effect of degeneracy para,meter o(: +) ou the dispersiou of perpendiorlar

MHD wave for NND plasma i.e., o < l is graphicalry shoum ia Fig,re B.g. It has

been obsenrcd that increase in tbe ralues of o., oofrom 0.02, 0.02 to 0.06, 0.06 will cauge

to insease the frequency of wave. Figure 3.4 shours the impact of maguetic field on
MHD wave in NI\ID plasma with number deusity (na:g >1 1g2E--B , f,fr : lgzt*-s).
It is obsen'ed that the phase speed of warrc decreases by increasiag the r6lue of Bs
from ldT to 10E?. It means that due to increase in Bo, the freqlency increaseE.

Similarly, FiguFe 3.5 sho$ls the effect of magnetic field on MHD rvave in IyD plasma
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Flglrre 3.4: Dispersion dia$am eyeu by Equetim (3.30) for perpendicular propagation mode of
II'IHD wane in NND plasDs with diftrent nognetic felds, i.e., Bo: lffTealc (aolid black line),
l}sTeslo (olid red liue). Other psra,Eetem ale n;1 : 5 x 10FEm-9,nil = LOZrm-}, oc : O.@
and o, : 0.02.

with number deuity (r, : 5 x l0mm-8 , f,fl : fOmm-3) in which the phase speed of

wave itrcreaseg. At locrer density the effect of sprn magnetization due to mag"etic field

on the fast MHD mode iu NI\ID plasma is dominated and the mode is uot altering by

ffus mrgnetis field upto number d€nsity LGTrrr'-I and with valuee high$ thrn [[ig upf6

10mm-3 it is iucreasiug.

It is to be noted that the plasna density is conEidetred low in IYND regime as

to ND regime. The Alfircn velocity is modified by the spin eftct thst affects

the dispersion featuree of the warrc and correspondi4g the ternFeratnre degenerracy

associated with the NIYD aud ND electrons (and pcitrons), can also play a vital role

in dyua,mics of magnetoacoustic warrcs.

In order to study oblique MHD crave in IYND and ND ertntrrm plasma we solrrc

the Equations 3.53 and 3.54. All the parameters considqed here are the sa,me as taken

in Figures 8.1 and 3.2. Figure 8.6 ehows the effect of degenerate fugaciry related to

electrons and pcitrons, i.e., (r, (p : 0.1,0.1 - 0.9,0.9 with uunber density no : 1025,

np: L}%m-s in I{IYD magnetoplasma (€ < 1) ou dispersion of oblique propagation

of MHD wave. lte increase in the magnifuds of frequency is obsened for the degree

of degeneracy iu te,rms of fugacity. In Figure 3.7, the snr"e trend of magnetic field

effect on oblique MHD wane in I\I\D plasma is iuvestigated as in f,igure S.4.
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Figue 3'5: Diapenion diagra,m grcn by EquatioD (3.30) for perpendicular propagation mode of
MHD urara i! NIYD plasma with difiEr€Et megnetic felds, i.e., Bo: lffTei,l.oiia bhck line),
l0Eresla(solid red line). other psra.€ters e'€ Trdr : s x topori -s, w: lOilm-i, ;" : i6
and or:0.02.
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Figure 3'6: Dispersion diegran giran by Equation (3.8a) for oblique propagation mode of MHD wane
in ND plasEs with diftrent maguetic feldr, i.e., Bo: lffTesla (solia Ut""t ti*;, 2 x ldTe;t;
(dashd blsck line), 3 x LffTesta (oorid red line). oth€r p"r"-i",. are nss :'i x r0sn;s-
npo : L0um-3, o.:200 and op:201.
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F\gl[e 3.7: Diopereion diagrsn gnen bV Equation (B.EJ) for NND plasna of oblique propagation
mode of MHD warre fu raryiug quantun degeueratc fugacity factor of rpeiee, i."., f", €, .r*n ,U,
€", €p : 0.1,0.1 (solid black lir€), 0.5,0.5 (g'h+ blar.k line), o.g, o.g (*td ; ii*). ort*
para,metere o,lnE ds : 0.2, oo: 0.2, n"o: L}%m-il, W: 1025m-B a'd Bo : 5 X ldzTesla.

3.4 Conclusion

In this chapts, we have studied the propqgation of low frequency MHD warrcs with
arbitrary degree of temperat,re and spia dqg@eracy in ep.i q,antun plasma. Tbm-

perature degeuerate para,meter hr" beeu incorporated by means of the presstrre term
u8i4g tbe F. D Distrib,ution. startiqg frm quantum hydro_ yna,mice eqlations, in_

duding the effects of tenperatrue degeuerary and spin magnetizatiou of electroDs a,nd

poeitrons, a generalized dispersion relatiou iE deri\red. The electrons (and poeitrons)

are treated as quantum degenerate particl€s because of their smaller mnrg€qr while ious

are ta'hn aE nor degenerate (classical). Fiutber, the generalized rti$ersion relation
has been redued to get three differeut modee in case of NND as well as ND plasma

with respect to aagle of propagatim under the low frequency MHD assumptions. The
guEntrrm effects cannot affect the parallel propagation (g:0) at low-frequeucy. Thlee
quantum corrections, i.e., temperature degen€raey due to the quautrrm st6[isfic8, Bohm
potential a,rises due to the deDsity fluctuation, and spin magnetization due to sprn ef-

fects have beeu inveetigated. It is obstrved that numben density of paitrou leads to
nen, modifications in the wave rtispersion of MHD modes both in the NND ard IvD
regimes and also the backgroud maguetic field enhancee the dispersion mode. It is
also noted that the effect of temperature degeneracy in the presence of l/2_spin mag-

rb
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netization and Bohm poteutial modifieg the dispersive propsty of magnetconic waveg

in quantum astrophysical dense plasmas. The modifed Alfven velocity by spin mag-

netization affects, 1tre dirpersion features of the wave ie oomparatively less thar that

6f fsmFerature degenerary. It is fourd that the arbitrary degree of temperature and

spin degeneracy associsted with electrons and pooitrons has a substantial influence on

the dyna,mics of maguetoacoustic waves.
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Chapter 4

Magnetosonic'W'aves in fon

Tlapped Semiconductor Chip

Plasma

4.L fntroduction

Recently' the quantun plasma has gained much intereet due to its potential appli-

cations iu astrophysical systems (e.g., WD, NS, m{netra,rs, blac& holes, etc.) at locr

tempereture snd high density. As nornal plasmas are characterized by regimes of loor

deEity at high teurperature with negligible quantnm eff€cts [ ] but physic&l systemr

where plasmas and quantum effects coeldst is the not€Mrorthy ora,mple of electron gas

in an ordinary metal. In case of metal, valence electrons cannot be bound to aay spe
cific nucleus, but rather they beharrc like a gas particlea that,s why a metal is a good

conducton. At ambient temperature and tlpical density, quantrrm eftcts car Do longer

be iguored. Thns, the electron gas along with lsttice ions in a metal nakeE a real

quantum plasma. Similarly, s€miconductor physics contributes anothen possible appli-

cation of quant"m plasmas. Though the electron densiw iu eeniconductor materials

is comparatively less fhrn ia metals, even then eusntrrrn effects are inrrcstigated dueto
the emerging of miuiatuization of electronic devices. The electron-hole (eh) plasma"

can be produced by iuteraction of short laser pulses with matter where electrons gained



enerry duri4g interaction from valeue band (V.B) and are orcited to conduction band

(c.B) via absorption of singte (or multi) photon depernding upou the band gap ercrsr
Eo@) and that of photm etrsgy. As a result of electrons traositiou holes a,re created in
V.B. The electrons and holes fluids in semiconductor behave as quartr,'' plasma gnder

the condition TF.,h ) 4,r. and obey FD statistics. Moreover, qtrantum etrects become

more esEential in semiconductors at such a small spam scalee when the de Brogtie

wavelengths associated with the electrons (and holes) are oomparable to their avera,ge

inter-particle distanceo, iz., d,- ,h i as ns iE the equilibri ,m uumber deosity. Fbr fur-
ther manufacturing of uodified semiouductc devicee, ion-implantation techniqueg are

generally enplryed in which ions in hct materialE alt€r their characteristics though
introdtrction of metal ions such a &+, cu+, Ag+ etc. rn the recrcnt past, ion-implanted

semiconductm (r$) plasmas have been ocprored [ , , , ], where q,antum ef-

fects uIEe studied. AIEo, Cd+ ion trapped in seniconductor galliun-a$enide (GaAs)

heterctruct,re chip has been fabricated [ ] which givee an interestiqg opportunity

of three species electron-hole,im (e-h-i) semiconductu magnetoquantrm plnemes to
detqmine their q,ant.n colletive effects sa .risper'ive propertiea sf mAgneto.onig

propagation waveo. Non-linear property of the wave propagation in the medium can

be resulted in the formation of solitary pulses called solitons. The expeimental iarrcsti-

gations of the aconstic solitons are ca,rried out fur a number of systems like Si, Sapphire,

Mso' Al2oa, GaAs and alpha'quartz mateials. Laten, Moelem et aL I I bave also

applied their theGetical reeults to quantrm semiconductors plasmas lilie GaAs, Gal{,

Ga.Sb, and InP.

several new quant,m plasma moders [ , , , ] hr.," been successfulry

studied aod made progress in inveotigation of sprn mqgnetization of electrous [ ],
kinetic quantum effects due to Ebmi particles [ ], non relativistic effects in de,se

quantum plasnas t J tmn€rsed iu high magnetic field, and spin dyna,mics iu semi-

relativistic plasmas I l. Si-ilarly Aseujo [ ] selected the quantrrm MIID model

to investigate the propagation of low frequency magnetosonic wf,rres of tcp speciee

(electrons and ions) iu q,antum magnetoplasmas with Bohm potential and spin mag-

netization ene[ry and discuEsed the eftcte of quantum corrections on the dispersion



of oblique, perpeodiorlar and paraltel modes of propagation. Accordingly it has been

ora,nined that temperature degeneracy along with spnwl/2effect associated with eleo-

trons and pcitrons, hes a substantial influenoe on the dyna,mics of magnetoeonic waveg

in +pi plasmas [ ]. t]pically' wheoerm qtrantum effBcts in plasmas are incuporated,

the orchange and correlation poteutial (y*) dects can no longer be ignored. Actlally,
this dect was effectirrcly deecribed b!, density function theory (DFT). A lot of theoret-

ical wqk has been doue on an electron gas with the orchange aud correl,ation potential

(y"")eftct(especiallyinquaatum",=ll")t , , , , , , ]. Tt€re
fore, the omtribution of this effect along with Fbrmi degenerate pr€ssg3e and Bohm

poteutial will reshape the dispersirrc properties of magnetoacoustic waves in quant,m
plamas' The Fermi degeneate pressure at high deusity dominates over the thermal
pressurE which supports the high dense objects ngairst the gravitational buret. In euch

a situation, thermal enerry is always less than Fbrni euergr. According to degeneacy

presst[e's law, the degenerate pressure is directly related ro i/B powg of density in
case of non relativistic aud is slso related io 4lSpower of density in case of lltra,rela.
tivistic [ , ]. Moreover, shahid et aL [ ] ba* studied the parallel propagating

electromagnetic warrcs with the help of non relativistic spin quantum fluid theory in
e'p plasme to enamine spin eftct.

In this chapter, we iwestigate rinear rrirpersive propertiee of the ronr frequency

magn€toacouEtic wanes in spin-l/2 semicolductor quantrrm magnetoplasmr. (GaAs,

GaSb, Gal{, a,ud InP) tnt irg into account the degenerate relativistic and non rel-
ativigtic preEsure with Bohm poteutial as well as orcha,ngecorrelation potential. A
gmeralized rlispesiou relatiou is derived by usir'g tbe QMIID model inclldiag the
quantum effects. The lalout of the chapter is giveo as follocrs: Mathematical form.la.
tion is describd in Sec.II. Propagation modee a,re ginen in Sec.III. Ngmerical anal)rsi'

is disctused in its final portion.
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4.2 IMathematical Ebrmulation

Consid$ an e'h-i quantum s€miotrductc plasma in the pr€senoe of applied magnetic

field Bo(: Bocrxfii + Bodr.eil with i and 2 being the unit vectqs, where 0 is the

angle subtended by nagetic feld strength with vrarrc propagation directio! (or warrc

uumber) k(: e0). The geometry of pentrubed EN4 field ie slletch,ed in such a way that

electric field (& : Ea) is omideFed aloag x-ardE and magnetic feld (Br : -ff|) ia

aloug Z-a:ris- The electnous (and holea) obey the relativistic degenerracy prressure,s law,

while ions as IYD partideo follos' the classical's law. The quaatum mechanical effeet of
ion is ignored due to its heavier mass. At equilibrium, background charge neutrality

coudition can be takn by the relatiou na*nm: nro as n { (in this Chapter) is the

unpertrubed number density of r'r species, r = i (ions), r : e (electrons) and r : h

(holes). The a,mplitude of the ccillations is assuned to be so gmnu thsf this problem

may be solved by employing the linearized equations. In order to inveetigate the MHD

waves (or magDetcmic yrarrEs) in semionductor plasma aloag y-axis, we start with

that of balance equations of continuity and momentnm as

and

*.no(v.v,):o r:d,e,h

drti * (rr+E"Br)_ vPd.
E:-r\ c / nro!,

*:,"9e,*+) -#-#*F+,

*:#re,*ry) -m-#*F*

(4.1)

(4.2)

(4.3)

(4.4)

In these equations, Y,, h and 6 (for subscript, r : e, h, i) a,re the fluid velocity,

puttubed nurrber density and charge of electrons, holeo, and iou, respectinely. In such

a situation the perturbed uumben is very srnnll 6s compared to gnperturbed number

density i.e., rh 4 no. Irere the e,ryite mase of eletrons (holes) is dooted bv mZ

(re[) and the rnasn of ions is ra. Regardiag to the pressure term, as ions ar€ considered

to be non degenerate (classical) so that the pressure gradient fo ions in Equation (4.2)
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becomes as VB : ,liE'11iYry, with .y, being the polytropic indor ud Eri: kaTi b
the thermal energf of ions. All the quantun corrections a,re igored for ions due to its

large inertia as oompared to electrons (and holee). The electron pressures iu the non

relativistic and ultra,relativistic linit [ , , , ], a,re

Pxtu : k'Yi!'-,'1',

Pv&.:T"y'.

P4c,h! Pa,miffi*l.

is tbe Fbmi eoergf ard ?"o,r,o :

(4.6)

(4.7)

lffiisthe

(4.5)

and

The relativistic preesures fc electrons and holes can be unitten in a generalized forrr

as

Hene .85'r,6 (: (g.2t 
"o,ro)z/lt'\T)

relativistic factc due to electrons (and holes) with (E : W. The fo,rth

term iu right side of Equation (aJ) (and Eqtration (a. )) denotee the orchange and

correl,ation fuce (Yr" 
",6) 

due to iderntical particles i.e., electrons (and holes) in quantum

semiconductu with parallel and aatiparallel spin-l/2. The contribution of this efiect ig

usually verr5r weak, and is normally neglected. Hourcnen, it iE errpected that exchange

comelation efiect plalrs an esEential role due to the reoent miniatruization of electlonic

components. The exchaqge-@rclatiou is a firnction of electron (and hole) dengiry

which can be obtained via the adiabatic local density approrimation(ALDA) [ , ,

]as

vlee,h: -o.su5"'4!; I. 
ffirn(l 

+ n.aruinllf

where "be #) is the erffect of Bohr atomic radius. The para,meter e is the effective

dielectric onstant o?semiconductor. The dielectric onstant is a measure of the a,mount

of electric potential mEEy, iu the form of induced polarization that is stored in a girrcn

volume of material under the action of an electric field. It is erpressed as the ratio of

)1,
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the dielectric permittivity of material to that of a vacutrm or dry air. practically, it
is deteEmind as the ratio of the capacity of a capacitor with uood as the dielectric

betnreen the plates to that with dry air. usiug the Tbylor,s expansion tuder the
condition Ls.}iainLff ( l (i.e., nc,h: # K rflc,,-s), one gets the orpression

gven by

vo.rr: -t.a"'"|!i +
6

5.65#"r;
We barrc crnsidered the aumben density n",h l l}Nctn-s in oru calculatios accodiag
to the abore approdmation. The last ter, iu the right side of F,q,atiou (aJ) (and
Equation (a.a)) can be orpressed, as

Fq.,6: ffiV (v2n",6) *2na,ryt'e,nv(s. Br), (4.8)

where the first tem in the right side of Equation (a.s) shows the Bohm ero,trtrm
potential associated with deosity fluctuation and the uort seond term corresponds to
magnetization en€r5r due to particle spiniag etrect. The paramet at F.,n(: l#l:
Tlta.,n) descdbeE tr[s mrgnetic moment for electrons and hores i.e., F.: -rrBc (for
eletroas) and lrr, : rtan (for holes) while s is the spin vecto. Here the spiu ermlution
equation may be uritteu, as

(*.*,^.o)": f 1", a;. (4.e)

uudq the MHD assumption (, < ,o 1!)eto,r46), the spin inertia can be negrected that
girres s x g : 0, which has the solutiou s : _f,lry(,@""L).6. trbr electrons and holes uuder
the above approdmation with aseuned geometry the solutioa can be mme simplified
in the foloning form as

to,r : -|*,.,oto.,n)(wo0 +,elno2), (4.10)

In Equatiou (4.10) 4(a,,L) : tanh(a",6) is the Langeviu para,metu due to the magueti-
zation of a spin distributiou ia thermodyna,mic equilibri,n, where cc.h : #.4 *d
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Tp",t i '# : W is Fhrmi termperature of degenerate electrors and holes.

In case of non degenerate plasma, Tp.,1, ia replaced by l{a,lrwellian trcmperatute 7.,6.

Using the l\,Ia,xilell's EM equations V x Er : -:+ and V X g1 : iB + f"l, *"
get the fo[owitrg relation

(uz - 3*2)Er*d4radr :0. (4.11)

Here Jr is the total current density which can be g,en by relation Jr : Eqhzrrv, +
d"u * al6iy where l"u : -V x (2n pe"s/h) (and J6a : V x lZnuproJln)) is the
ma$etizstiou spin current of electroas (and holeo).

Tb analpe the linear pentrubation in eemiconductc quantum prasmas, we assume
that all the first oder pertnrbed quantitieo are proportional to st(Iw<tt),here Ic is the
yrarrc uumber or diretion of propqgatim and o,r is tal*n as the wave frequency. using
the liaearization, procedure Equations (4.L-4.4) can be unitteu for ions, electrons and
holes aE

*:ffa'u"

- iwmp6y;: anio(r, * Ep) _ i(ri*t kn)a,

(4.12)

(4.13)

-iwminasY': -"'''-(8, * +) - ,; (#".) 0 - i(2*F,knan")v,,n g

-, (trk'rr.)a *rr1o.ypaBftn6srnos. 
@.14)\4ml

-iuminhsyt, - en'(r, * ry) - r? (m^) u _ i(28pfin16n6)v,"n^a

',(\"^)o-rrt*o)ps,,Bftnhosin0a. 
(4.18)\4m
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l.6ezn\3, 6.65t&n2ls,Here Vr"iq,. : lp"s, - ?6",o with p.,6: '''"=]'"0'ao.
2cEp.p

a'm. 
"g4 

6c,h: +#4q. Solvingbn\1Er.,n'
Eqnations (4.L2-4.16) along with Equation (a.11) re obtain the fo[ftag generalized

rliepersion relatim for MHD waves.

wz - tk2 : (+)'u u,. (#)',' u". (+),,, ru,

where

(4.16)

(4.17)fli: w2(t - A;)
w'(L- H-d-+dFA$,

and

u^:f, .ffip_#*,r]
I wz\ -.ei _lxlffi^1. 

(4.re)

In the abore Equatious (4'Iti-4 -rg), w6: *, b)e: ffi ,"a u)d. = ffi respectivery
represent the cyclotron frequency of ions, electrons and holes. The dimensio,less qua&
tities a,re given as 4 : (+)' *-*1,* : (*)',',e" : [*tf +v*n ) * H] 5aild Ah: [?f# +V".a^). H]5. ,0" relativistic factor (1.o,,a),Bohm poten-
tial (proportional to h2 order), and excha,qge correlation para,meter (V**,^)appea,r in
modified dimensionless quantities z{" (and A1) while the spiu decte appear iu 7(a")
and 7(46)' lhus, diepersiou relation (a.t6) is significantly modified by relativistic
pressure thro.gh electron-hole rbr,i energies Ep",n(: 

Hl abag with relativi+



tic factor (z"o,r,o) ard that of ontribution of orchange oomelation pera,meter (vr*.^).
AlsoVp.,1, is the Fbrni velocity of electrons and holes Slv€o by VFc,h: ,lW In the

following, we will discltss the above dispeeion relation of MHD wav.s with diftnent
liniti4g modee ia quantum semicondrctc plasmas fc the abore mentioned qnaatln
effects.

4.3 Propagation Modes

In order to cmsider tbe urave propagation perpeodicula,r to mngnetic feld ia a rela.
tivistically degenerate eh-i q,anttrm semicoDductor plasma, we as'ruoe Bw:0 and

only incorporate the perpendicular background megnetic field (viz., Bo = Boi),which
malrc8 an a4gle 0(: rl2) with the wave propagation in the y-direction. This would
lead to the perpendictrlar EM waves and one can get a compressional magnetconic
waues. Due to sDau indis of eletrons (aad holee) we uray consider the lon, fr+
quency limitr (qr2 K r'n, urh). The quantum correctious (like, relativistic degeneracy,

orchangecorelation potential and Bohn q,ant,nr potential appear in d and c6) be
come significant for la,rge value of u,ave number aud therefore th€ liEit used as, ar2 q
Mdn, Ao'2ar- Mceover, neglecting the Ealr dects, it is ootrsidered, c,r2 ( r..,$ in such
away that (l - 4) < dol u2- By incorporating the aborrc mutioned assumptions in
Equation (4.16) the following reduced fqm is obtaiued as

,' : ffifw.w *H {Xlr - z,(o")] + ffit, - r,r"^)l}] .

(4.20)
Equation (4.20) i8 trfus 'lisperEion relation of compressional (c fast) MIID modee in
e'h-i semiconductor quantrrm plasmas. Ilere

(4.21)

is the nodified Alfi/€n velocity with spin mngnetizatiou effects of electron and hole
(rt",u), where v,a is the staldard Alfr/e,' velocity. Moreover, in Equation (4.20), vs iE the
modified acoustic speed including tbe relativietic degeneracy factor (r) and orchange

V.e : vn (, *'-(ou)t*"* - 8or,(o.)!'r.nn)'/',



corre,latiou paraneta (U*n) g\ren by

Vs- w
(4.22)

usiug Equations (4.21),(4.22) witn the raalue of vp",1, in Equation (a.20) we get

u2: k2 
[Uf, 

* ry -&tq(a')!Btru ?#e)r**v,"ru)
.?#(H),* * uq) .?# e),* * v*+)

.?#(f),* * u,,a) . H {ho -,r(o.)t + ffii- r,r"^rr }] 
.

(4.23)

Equation 4.20 (and 4.23) is the disperrsion relation of magnetosonic warrcs in quantum

semiconductor plasme including three species (eh-i). This rclation contains n(o.,o)

(the spin magnetization efiect due to spin| effect). Flom mathematical retation (4.21)

it is obvious that AIfteo velocity increasee due to spin magnetization effect of holes

but the ooruetse effect is obs€rrred for electrons shoniry that there is a constant cor-

rection to Alfirco velocity and as a result it produces a contribution to linear portiou

of the propqgation warrc mode. The other ccrection ie due to the Bohm qgantum

potential that produces a contribution (of order lca) to the linea,r part of the wave.

Thfud correction may be added because of relativity factor (zo,no) of quantum pla+

me' that callseE to modify the acoustic speed and the fourth ccrection comee from

the orchange correlation para,meter u Vr.h,^ briqgiry a linearly change in dispersive

properties of magnetoaoustic waves. the above quantum corrections have more sub

stantial influence in semiconductor quantum plasmas with high number density and

low temperature and para,metrically are shocm in the sectiou of numerical analysis and

discussion.

(H) *,,*+v*n).(H) (#) *,*+v,"*).(ff)

85



Using the foflmdng dimensionless variables

u
u - -, k+kAre.

(l,/.21

The dimensiodess fom of the dispersion relatiou (a.23) can be unitten as

Hqe

#1 ffi.m=fr(ffi).ffiffi, 
G-22)

Eq,atiou (a'27) shows the obrique propqgation mode that depends on all the fo,r
gu,ntrrm oorrectious. In a more simprified fum thie eq,ation can be written as

w2 :k2 \2F.,h VI" + fo + *2 n2",0 V") .

vtn:W =r*,
where 7oatt:W ard,vAtu :h.

uo:W, ur1: . @.26)

Here 757 : fi,9",: + (*) (#) *o gtt:t (H) (#)
Ia the aborrc rqrreseutation (4.24), H"t: is a dimensiouless pa.

rameter which arises due ro the co[ecrive *Jt&ffih*qg effect rhro,gh
the ocalled Bohm potenrial and rl,. : dr[t _ rfi@n)l+ d"[f _ rt@.)1.

Fbr oblique MHD propagation mode say for ora,mpre;0 :iand by,sing the abo,*
mentioned low frequency assumptions v,e get the following relation after some stepo of
algebraic manipulation:

(4.7t)

(4.25)



ur1 - h,i + d: o.

The coefficieots iu equation (a.28) are given as

G.n)

, (4.29)

t (4.30)

- _ C Bnuoplfi(ch)ed : 
- 

J- 'wr oft-r\-r.r---w-@ &rn6pp;1(a.)d

@
b:W

2
&rn6n1ts6q(a6)3

hzh'
4nt2-

olrar

i+
or)

tl)'

8rn
J,:\
b"ri
V*,

TrnAlT
\r.o

"rf(a
'-"1

igrl
tmz

*h"
+v,

lzr15

Ena
1

'feo

Bs

2r',

GEp.

Bs {ea^(*@'ry}
+c*rlt - 2Tnnpb,,rf(oi -L teru(#*n*"^)+ffi'

and

o:*r;w('-ry.ffi) 
(481)

Equatioa (4'28) iE in the form of biquadratic equation and one can obtain the fouorriag
equation

u: (4.32)

Fhom the above equation (4.32),it is obvious that dispersion relatioa of oblique MHD
rvale in semicuduct{tr Quontrrm plas-^" depends on the spia effect, relativistic factor,
Bohm potential and orchange conelation, which cause to bring intereeting featureo in
dispersive property of such a type of warrc mode.

similarly,the dimensionles. form of the dispersion relatiou (r.22) with k(:Hre")
can be ynitten as

d.wa -&,f +6:0,
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q(d.)c

,-");

b+(P - hd)t1z

(4.33)



d:vAk.ffi-mP#%, (4.34)

(4.37)

and

t: %. ( , _ i*,ro@u) in_q"(a.) \":T1t-gffia-ffi), (4.86)

wherre int : W, a,,d, inn : T"#". Equation (a.$) is in the fqm of
biquadratic equation and can be soh/ed aE

*-6+tM
2d

4.4 Results and Discussion

Ebn a quantitative nnrlJnis, we harrc solved rlinpersion relatiou (a.I6) fog perpendiorlar
and oblique modes of MHD waves with rcspect to orternal uniform mqgnetic field in
quantum semioonducto plasmas. This type of plasma is cotrsidetred to be composed

of three specie8 (ions, electrons and holes). In order to further etudy the complete
picture of q,ant,m effects (including spin mqgnetizatiou, Bohm quantum potential
and exchange correlation aloqg with relativistic degeneracy) qa .tispersive propeties,
Equations (a.23) and (432) ale graphically represented between r,u and & with tbe help
of numerical values of magnetized euatrtrrrn prasmr. qlstem. Here we have to apply
our results to fotu cases of compouud eemiondustors at room temperature T = lffik
withtypicalpara,metes [,, ] givenas:

(a) GaAs with rzs : 4.7 x roroem-s, e : r2.g0, mi = 0.ffiTm", and, mi:0.5rn.,
(b) GaSb with ns : 1.6 x l}rrc,rrFs, e : lb.6g, mZ:g.M4rnr, and mi = 0.4rn", (c)



g GaI.I with no : 5.0 ,. 1910"--3, e : 11.80, mZ:0.1?n., and mi : l.}rv., (d) Irp
with no:5.7 x l}r?ctrfg, e : 12.6, mi:0.0,f1m", *d mi:0.6m..

Consider ion concentration in aborrc electron-hole compouud semiconductors (ao
cordiag to charge neutralit5r condition) in the presenoe of applied magnetic fieH [fO2 -
ldcl' Usiug the hrpical values, we ca,n find out othe paraneters in case of GaAs
such as the dectron Fbrni erergf eqe: l.l$ x l}-raergs, electron th€rmal etrergf
€Te : 4.14 x lo-raerge, the rest effective nass enerry nzc : b.4g x r0-Eergc and
the magnetizatim eneEgy (at ldG) pacBo : g.2T x lo-reergs snd ni,nitar,ly [[6
sa'me energiee calculated are givu fo case of bolee iu Inp euch as the Fbrmi enqgr
enh:4.31 x l0-raerga, the thermal energf eTh: 4.14 x l1-raergsrthe reet effective

-nq. energr mi* = r.06 x r}-oergs and the magnetization enerry (at r02G) rratBo:
9.27 x l0-rserge. These results show that Foe,nBo K ep.,6, €Tc,h K mi,n/.It may be
uoted that quantum spiu effects can be mirimized though this condition but mqgue.
tizatio due to higher rElues of magnetic fields cau even have influencr 6a dispersirrc

charactaistics of mngnetoacoustic warrcs. In the folloning, we will numerically show
the MHD waves ia mngnetized aompornd semicouductor quartrrm plasmas. other pa.
ra,meters in cgs qlstem a,ne c : B x l}Lo un/ sec, rni: l.62 x l0-% g, frc : g.lx l0_Bg,
I[: 1.05 x l0-27erg - sec, &a : l.Bg x l0-L6ergf*, and e:4.g x ly-roatatc.

Here we have considered the crmpound semiconductore (GaAs, Gasb, GaIr[ and
InP)' componnd semicondrrctors are made from two or mone erements. Most com-
pound eemiconductors aae from combinations of elenents from Group IfI and Groupv
of the Periodic Tbble of the Elements (GaAs, Ga,p, Inp, etc.). other compouad semi_

couductqs are made from Groups rI and vI (cdrb, znse, etc.). It iE arso paeibre to
use difttrent elemente from withiu the sa,me goup (rD, to ma&e compo'ud eemicon-
ductors such as sic. h recent years, howevu, the coet of manufacturi4g compo,nd
seniconductcs has cone doum. It is stiu much higher than silicou, but at tbe sa,me

time, the special propetiee of these cr5rstals harrc become more impotant for certrin
epplicatiors. Becaue of their fiuda,rrentalmatsial properties, compound eemicon-
ductors can do things that simply a,ren,t pasible with silicou. Dtuiag manufactruing
of compo,nd seniconductor, the numbe de^ity can be increased omparatively to
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Ftgue 4'1: Diopereion dia,gan of relstion (a 23) frr perpendicular propagetion mode of MHD *arrcgia magn€tized s€Efuoductc plasmas (GaAs, GaSb aDd Inp) at ao : fbr-Clr;;;;.;
fiequency and uavtnumber. The number deu8ity of electronr (and holer) for th€se se@icorducton
are ta,len as (nro : 4.7 y 1916orr-3 + 5.7 x lQlzcm-a), (aud nm : E x lglsorr_s *3'7 x lor?crn-') 

"ra 
accorrdinglv GaAs (solid blach cunrc), Gasb (dsshed black cune), and Inp(eolid red orrve).

silicon accnrding to their proputies.

The uumerical rEluee obtained for relativistic factor of electron (ro) in GaAE,
Gasb, Gat'[ and InP are 1.00011, r.flnzg, r.005g aud r.00@2, respectively, which
show that plasma with number density below than z -- 1916"--3 is almoet completely
nonrelativistic while relativistic degeneracy sta,rts in plasma with ulmber de,sity above
of this value as relativistic factor is deusity dependent firnction. rhe Alfuen speed I/a
for the above semicondrctore iElD€rsed in corstant appried magnetic field (roaG) a,re

calctrlated as iu the range of 4.ggxr06anf s- r.06 xr}?u f s. similarly, Arfven speed
for different applied mrnetic fieHs roc-ldc with fi:red number density of GaAs
(n: 4.7, lgtor--a) are calctrlated as r.&r x rffc,t/s- r.git x rlrunf c.

Figure (a'1) shon the graphical represatatiou between uormalized warrc fre,
quency r''r (i.e., , = *) and normarized warrenumber tc (i.e., I - &lrr) fon differ-
ent compo,ad eemicouductors plasmas (GaAs, Gasb and rup) to study perpmdic,Ia,r
MHD uraves by ruiqg eqtration (4.23). It is observ€d that phase r4ocity increasee
with increasing number deuity of plasmas and therefore it is concluded tbat dispesive
propetiee or nagn*Goii-warrcs enhanced with respect to uumber density.

Figure (4.2) repreeente the nor,alized wave frequercy ar (i.e., w : ft)and normar-
ized waven,uber tc (i.e., & - &,\r") for a senicouductor (GaAs) with orternar appried
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Figue 4'2: Diepersion diagran BvGn by Equetion (3 30) for perperdicular propagetim Dode of
MHD wave h NND plasma with difierent valueo of quautrru tenperature degeueracy factor euch thst6c, o?: 0.(2,0.02 (olid btal! line_), 0.04,0.04- (dash€d brack line), 0.06,0.06 (sorid red line).
Other parametere are zrss : ldim-3, ho: lflm-3 aod 5;o = E'x l1dTesla.'

magnetic fieldE (r05- 1.4 x r06G). It is observed that warrc frequency ie decreased with
increasiag magnetic field strelgth.

Figule (a's) describes the slguinmuce of orchange correJatiou potential on disper-
sive propertiee of perpendicular MIID crave by plottiag the wave frequency of wave

mode against warrcu,mber. rhe sarne paraneters h Fig,re (a.r) and Figure (a.2)
are cousidered here. Graphically, the errchaqge correlrtion effect is more prominent

fc Bs < 108G, which concludes that spin magnetization is iadependent of thie effect
because orcha'qge correlations depeud only on number densitie8 of electrons/holee in
eeEiconductor plasmas and that of their effective urasses. Heuce, both the occhange

correlation (i-e., p",t ,4,r.) and spin magnetization (i.e., ?",r,) effects modify the rriepen-

aive propertiee of MIID waveo.

Iu ordq to inveetigate numerically the oblique MIID warres in semiconductor quan-

tum plasmas, such as GaAs and GaI{, we solve Equation (4.82). Here all the plasma
para'meters (in the aborrc Perpeudicular propagation case) are tal<en as the sa,me in the
previo,s figures. The oblique propagation modes are given berocr.

E'ig,re (a.4) displays the graphical repreaotation of warrc frequency (fr) *rrs
the wavedunber (lclp") for oblique unavee in semiconductor (GaAs) with different r^lues
of number densitiee i.e., (n 6 :4.7 x 1gr6.--s - 6.T x1gro"--s; and with fi:red rnlue
of nno :2 x loroent-3 as shoqm in' 4.4 (a). It is clear tbat the phase velocity decreases
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Fuure 4'3: Diaerue of Diepersion relation (a. 23) for perpendicular propagation mode of MHD waveeil m'gaetized gemicorductor plasmr (GaSb) with nso :1.6 x 1gh*r:a,n*:t;-10r.;-;
io plotted with orchange correlation (dash€d bl.e line) and without erlchange oorrelation (solid redlio€).
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Figue 4.4: Dispergiotr Diagen (l.ll2) of-oblique propqgation mode of mpgnetoaoolstb *an63 ingemicondrctor plasma (Galsl at 116 : ro2G ii shoum for di:fuut number deneitie' of electr,ons;fla : 4'7 x loraqn{1roru bbck li!c), ttco : o.z_x tOrocm-i(arshed 5;gck rine), rta :6.7 x l0r6cnt-, (ro[a red line) with firj om n66 _ 2 r 1gra" -3.
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Figue 4.5: Dispersion dia$am (4.A2) of oblique propagation Eode of ,Dagn€toaco,r*ic warrcs iD
seDicoDdtrctor plama (GaAs) et 116 : tdG is ehma fu diftr,ent number deusities of holeo; am -2xl}Loqn-sleoUabhckline),?r0:Br1916"--8f6"rma-Uf"a,Ure),nr,:{ytQr6sm-3
(eolid red line) with f,:red ralue neo: 4.7, 1916"--3 and other pera,mders are talsr the sa,Ee asin Flguo (4.1).

with iacreasing number deDsity of electrons while the trend of graph for different ralues
of holes denEity n6s is the ea,me but oppaite to tbat of n"s aE shoxm in 4.4(b). It is
rercaled from Figune (a.5) that by iucneasing 1[s mngnetic field from I x 102 G to
3 x 102G, tr[s dispersive properties of tbe oblique wav€s enhrnce.

4.5 Conclusion

lls srrmrnnriz€, we harrc inveatigated the row frequflcy MHD waves in quant,m semi-
conductc plasmas with quantuu effects (B"hn poteotial, spin mngnetization @sgtr,
etrcha[8e corretration potential and relativistic degeneracy). A modified.tiepereioa rq
lation is derived bY usi"g the QMHD model and fiuther its rcduced forms are 8ho
obtaiaed for propqgation modes of mqgnetoeonic waveE in the pnesence of o<ternal
magetic fidd' Relativistic degeuerary term (7r) is numerically calculated for some

compound senioonductors plasmas as it is related to density but due to its smrfler
numerical ralue, it could not be shoum graphically. Iroumrcr, it is hoped that semicon-
ductor quantum plasmas with relativistic degeneracy factor due to high degree density
miniaturization iu electrouic compouents will have a crucial role in future. It ie fourd
that the spiu mngnetization and orchange oorrelation potential aloqg with

9:l
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black liue), Bo : 2 x- ldG (dashcd black tine) and g6 = B x ftiC"t_m*a il ;r_nco : 5.0 x l0recrn-3, *tfi:3.0 x lOlecvn-i aoa d*;;; a,rc rahn tbe sa,Ee aE inFigue (a.t).

relativistic associated with electrons (and holes) have a substa'tial influ-
enoe on the dpa,mic'rs of magoetosonic naves. We have applied our theoretical reflrlt'
to fou Hnds of semiconductors plasmas; na,mely, GaAs, Gasb, GaIt, atrd Iap. The
present iweetigation reveale that the daractqistics of the liaear MHD waveE in each
seniconductor are different depading upon the typicar prasma para,meters.

Actually, the curreut model is beoeficial in the relerane and interest of scientific
ctmmuaity in context of practical and simulstiou like studies. When tbe number den-
sity is increased upto 1016czn-3 then the quantum diftaction and orchange correlation
like tsms which are number density dependent are increasing and orcrall 6ffecting the
fast mode significantlv. At this particular (and abore it) value the magnetic field effect
upto ld G is corsta,ut and does not mrrce any furthe variation in this mode. Beyond
105 G, i'e', upto rd G u'e then observe the va,riatiou in this mode, which is signeficant
for simulstion like studies, but practically upto this time at given semiconductor mqg-
netic field, it is not uEeful. on the other hand when we consider the uumber density
belon'of order 1916"--3 (e.g., at lgtzr*-t)thentheeraltrrrn diftactionandorchauge
correlation like tqms may be igored and we caa easily obsenrc graphically the varia.
tion in low tagnetic field i.e., aneu at berorr of ld -ld G. we can arso say that the
quaatum eftcts (including of the orchaqgecorrelation effects and the q,antum Bohm

lA



t potential) was seen to cause an increase in the phase speed of MIID waves.

Moreorm the reoulte are also beneficial to understaod the energy traospot in semi-

conductq plasna in the preEence of perpendiorlar magnetic field. Althotrgh they may
also be applicable for understanding the dyna,mics of seniconductor plnqma to produce

high poc,er hish band-width devices in'ralqg,r, which are contrast to the oristing gas

plasma devices.
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l.

Appendix A

Derivations

4.1 Derirration of Equations (Z.LT and Z.Zg)

As we knos'

9P:dnVp^, (A.1)

h* c?" : (#) : (v? + W) is the modified quantum acoustic rrclocity which is

basically a reur tlpe of sound velocity and is d,ly nodified by Landau finmegnetic

levels with ion themal velocity Ut: ,f #l and modified Ferni velocity of electron

n: ffi. Linearize Eqnation (A.1) and then differentiate w.r.t time (t) we

get

vff : dnv (*p^r) : p,,ofl"k(k' v,) (A.2)

Ehom linearized continuity eq,ation with p- : p,o*p^twe have f;pa: -p_o (v . vr)
which na'h Equation (A.2)

vff : -p,,a4"y(V .vr) : p^df,*(k.v).

Now Consider the Bohm poteutial tqm as

(A.3)

r:Lrfo'al
2myn.- l, fi )'



By usi4g linearized ontinuity equation aud diftrentiate the aborrc equation w.r.t time
(t) one can obtain

AlEo,

JxH:(VxH)xH.

Difierentiatins agah the last one eaquation w.r.t time (t) o,e can get the fouoniag
relatiou

a
fitt *H) : V,r x [V x {V x (v1 x vr)}].

The above equation can be vrtittm in simpleet form by using the vector identity r,le
and plane warrc solution as

**(J x H) : (va '*,) k- (v.r .k) vr* (k.vr) v,r1 (k . vr) . (A.5)

The spiu do"ity force in linearized fqm ie given as under

F"pd, : psM (vlt) = nhpsp(y H),

Differentiate w.r.t tine (t) and then dividiqg the abore equation W p,rrowe get

**(F",.) :otfilfi(vrr) :,,no1ffy*(k.",). (A.6)

usius the ralues from Equations (A.ILA.E) in Equatiou (2.ra) otre oan obtaia

w2vr - k (dn + uil(k . vr) + (v.r . 
"r) 

k- (va . k) vr* (* . vr) v,rJ (k . ve)
h2k2-Mk(k'v1) -0.
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y By substituting EqustiotrE (A.ilA.6) iu Eqnation (2.28) we can get

,'", -k (dn+Vi) (k."r) + (V,r . ,r) k- (v.r .k) vr* (k.vr) V,r] (k .v,r)

-#ork' vr) + on4ff1k(k. v1) : e.

ueiag the non dimension para,meters ole can easily derive Eq,ations (2.rr and,2.2s).
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