
SWs and DLs in IA solitary waves in e-p-i degenerate dense plasmaM. S. Zobaer1;K:N:Mukta2; andA:A:Mamun21.Le
turer in Physi
s, Department of Applied S
ien
e,Bangladesh University of Textiles, Tejgaon, Dhaka-1208, Bangladesh and2.Department of Physi
s, Jahangirnagar University, Savar, Dhaka-1342, BangladeshThe nonlinear propagation of ion-a
ousti
 waves in an unmagnetized 
ollisionless degenerate denseplasma (
ontaining degenerate ele
tron, positron, and ion 
uids) has been theoreti
ally investigated.This 
uid model, whi
h is valid for both the non-relativisti
 and ultra-relativisti
 limits has beenemployed with the redu
tive perturbation method. The standard Gardner (sG) equation has beenderived, and numeri
ally examined. The dynami
s of ele
trons, positrons and ions on the IA (ion-a
ousti
) solitary waves (SWs) and double layers (DLs) that are found to exit in a degenerate denseplasma by taking the e�e
t of di�erent plasma parameters in the plasma 
uid into a

ount. Therelevan
e of our results in astrophysi
al obje
ts like white dwarfs and neutron stars, whi
h are ofs
ienti�
 interest, are brie
y dis
ussed.PACS numbers: 47.75.+f, 52.35.Fp, 52.35.Qz, 52.58.-
, 52.27.NyI. INTRODUCTIONThe propagation of the ion-a
ousti
 waves are very im-portant from both the a
ademi
 point of view and fromthe view of its vital role in understanding the ele
tro-stati
 disturban
es in spa
e and laboratory plasma. Thephysi
s of quantum plasmas, rapidly grown beyond 
on-ventional plasmas found in spa
e or laboratory for manyyears [1, 2℄. This is mainly due to the potential appli-
ations of quantum plasmas in di�erent areas of s
ien-ti�
 and te
hnologi
al importan
e [3{6℄. It is a 
ommonidea that ele
tron-positron plasmas have presumably ap-peared in the early universe [7, 8℄ and are frequently en-
ountered in a
tive gala
ti
 nu
lei [9℄ and in pulsar mag-netospheres [10, 11℄. This ele
tron-positron plasma isusually 
hara
terized as a fully ionized gas 
onsisting ofele
trons and positrons of equal masses. Re
ently, therehas been a great deal of interest in studying linear as wellas nonlinear wave motions in su
h plasmas [12, 13℄. Thenonlinear studies have been fo
used on the nonlinear self-
onsistent stru
tures [12{14℄ su
h as envelope solitons,vorti
es, et
. However, most of the astrophysi
al plas-mas usually 
ontains ions, in addition to the ele
tronsand positrons. Clearly, the properties of wave motions inan ele
tron-positron-ion plasma should be di�erent fromthose in two-
omponent ele
tron-positron plasmas. Forexample, Rizzato [15℄ and Berezhiani et al. [16℄ have in-vestigated envelope solitons of ele
tromagneti
 waves inthree-
omponent ele
tron-positron-ion plasmas.The ele
tron-positron plasmas are thought to be gen-erated naturally by pair produ
tion in high energy pro-
esses in the vi
inity of several astrophysi
al obje
ts aswell as produ
ed in laboratory plasmas experiments witha �nite life time [17℄. Be
ause of the long life time of thepositrons, most of the astrophysi
al [18℄ and laboratoryplasmas be
ome an admixture of ele
trons, positrons,and ions. It has also been shown that over a wide rangeof parameters, annihilation of ele
trons and positrons,whi
h is the analog of re
ombination in plasma 
omposedof ions and ele
trons, is relatively unimportant in 
las-

si
al, [19℄ as well as in dense quantum plasmas [20℄ tostudy the 
olle
tive plasma os
illations. The ultradensedegenerate ele
tron positron plasmas with ions are be-lieved to be found in 
ompa
t astrophysi
al bodies likeneutron stars and the inner layers of white dwarfs [20{23℄ as well as in intense laser-matter intera
tion experi-ments [24, 25℄. Therefore, it seems important to studythe in
uen
e of quantum e�e
ts on dense e-p-i plasmas.Several authors have theoreti
ally investigated the 
ol-le
tive e�e
ts in dense unmagnetized and magnetized e-p-i quantum plasmas under the assumption of low-phasevelo
ity (in 
omparison with ele
tron/positron Fermi ve-lo
ity) [26{28℄. In these studies, the authors have fo
usedon the lower order quantum 
orre
tions appearing in thewell known 
lassi
al modes.A dense plasma is usually 
hara
terized as 
old anddegenerate su
h as that en
ountered in metals and semi-
ondu
tors. However, it has been remarked that a hotfusion plasma su
h as that found in dense steller obje
ts(e.g., white dwarfs) may also be 
onsidered as quantumdegenerate plsma [1℄. In su
h environments the produ
-tion of positrons is and a degenerate plasma of ele
tron-positron-ion 
an be expe
ted. The main obje
tion to theexisten
e of dense ele
tron-positron-ion plasma may behigh ele
tron-positron annihilation rate whi
h is natu-rally expe
ted where the ele
tron and positron densityare very high. In a typi
al white dwarf star the ele
trondensity 
an be as high as 1028
m�3, however, for mas-sive stars [29℄ su
h as that for a 
ollapsing white dwarf,this value 
an even be mu
h higher [23℄. The propaga-tion and 
ollision of small-amplitude ion-a
ousti
 wavesin ultra relativisti
 plasma have been already investigated[30, 31℄.Now-a-days, a number of authors have be
ome inter-ested to study the properties of matter under extreme
onditions [32{35℄. Re
ently, a number of theoreti
al in-vestigations have also been made of the nonlinear prop-agation of ele
trostati
 waves in degenerate quantumplasma by a number of authors [54{56℄ et
. However,these investigations are based on the ele
tron equation
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2of state valid for the non-relativisti
 limit. Some investi-gations have been made of the nonlinear propagation ofele
trostati
 waves in a degenerate dense plasma based onthe degenerate ele
tron equation of state valid for ultra-relativisti
 limit [36{38℄.We are interested to study thedissipasion relation of the ion-a
ousti
 waves in a degen-erate e-p-i plasma system where we added positrons forthe rather long lifetime of positrons, most of the astro-physi
al [9, 11{13, 18, 23, 39, 40℄ as we have mentionedin the introdu
tory 
hapter. The pressure for ion 
uid
an be given by the following equationPi = Kin�i ; (1)where � = 53; Ki = 35 ��3� 13 ��h2m ' 35�
�h
; (2)for the non-relativisti
 limit (where �
 = ��h=m
 = 1:2�10�10 
m, and �h is the Plan
k 
onstant divided by 2�).While for the ele
tron 
uid,Pe = Ken
e ; (3)where 
 = �;Ke = Ki for nonrelativisti
 limit; and (4)
 = 43; Ke = 34 ��29 � 13 �h
 ' 34�h
; (5)in the ultra-relativisti
 limit [32{34, 36, 38℄.Therefore, in our present investigation, we 
onsider adegenerate dense plasma system in absen
e of the mag-neti
 �eld or heavy dust grains, but 
ontaining non-relativisti
 degenerate 
old ion 
uid, both non-relativisti
and ultra-relativisti
 degenerate ele
trons and positrons
uid where the ion is the heavier element among all otherelements. The model is relevant to 
ompa
t interstellarobje
ts (e. g., white dwarf, neutron star, et
.). Re
ently,many authors [1, 36, 38, 43{52℄, et
. have used the pres-sure laws (3) to (5) investigate the linear and nonlinearproperties of ele
trostati
 and ele
tromagneti
 waves, byusing the non-relativisti
 quantum hydrodynami
 (QHD)[1℄ and quantum-magnetohydrodynami
(Q-MHD) [45℄models and by assuming either immobile ions or non-degenerate un
orrelated mobile ions. Again in thispresent days, some authors [54{56℄ has made a num-ber of theoreti
al investigations on the nonlinear prop-agation of ele
trostati
 waves in degenerate quantumplasma. Still now, there is no theoreti
al investigationhas been made to study the extreme 
ondition of mat-ter for both non-relativisti
 and ultra-relativisti
 limitson the propagation of ele
trostati
 solitary waves (SWs)and double layers (DLs) in a degenerate dense plasmasystem. Therefore, in our paper we have studied theproperties of the SWs and DLs 
onsidering a degener-ate dense plasma 
ontaining degenerate ele
tron-ion 
uid(both non-relativisti
 and ultra-relativisti
 limits) with

the degenerate positron to study the basi
 features ofthe ele
trostati
 soliton and double layer stru
tures withthe solutions of standard Gardner equation. Our 
on-sidered model is relevant to 
ompa
t interstellar obje
ts(i.e. white dwarf, neutron star, bla
k hole, et
.).II. GOVERNING EQUATIONSWe 
onsider an unmagnetized 
ollisionless three 
om-ponent degenerate dense plasma system 
onsisting ofnon-relativisti
 degenerate 
old degenerate ion 
uid andboth non-relativisti
 and ultra-relativisti
 degenerateele
trons and positrons 
uids. We assume that the ion isthe heavier element among all other 
onsidering elements.The dynami
s of the one dimensional ion-a
ousti
 wavesin su
h a three 
omponent degenerate dense plasma sys-tem is governed by�ns�t + ��x (nsus) = 0; (6)�ui�t + ui �ui�x + ���x + K1ni �n�i�x � � �2ui�x2 = 0; (7)ne ���x �K2�n
e�x = 0; (8)np ���x �K2 �n
p�x = 0; (9)�2��x2 = ne�e � ni � �pnp; (10)where ns is the plasma number density of the spe
ies s (s = e for ele
tron, i for ion, and p for positron) normal-ized by its equilibrium value nso (ne0), us is the plasmaspe
ies 
uid speed normalized by Cim = (me
2=mi)1=2with me (mi) being the ele
tron (ion) rest mass massand 
 being the speed of light in va
uum, � is the ele
-trostati
 wave potential normalized by me
2=e with ebeing the magnitude of the 
harge of an ele
tron, thetime variable (t) is normalized by !pi = (4�n0e2=mi)1=2,and the spa
e variable (x) is normalized by �m =(me
2=4�n0e2)1=2. The 
oeÆ
ient of vis
osity � is a nor-malized quantity given by !i�2mimsns0, and �e is theratio of the number density of ele
tron and ion (ne=ni)and �pis the ratio of the number density of positron andion (np=ni). The 
onstants K1 = n��10 Ki=mi2Ci2 andK2 = n
�10 Ke=miCi2=n
�10 Kp=miCi2.III. DERIVATION OF K-DV EQUATIONNow we derive a dynami
al equation for the nonlinearpropagation of the ion-a
ousti
 solitary waves by using(6 - 10). To do so, we employ a redu
tive perturbationte
hnique to examine ele
trostati
 perturbations propa-gating in the relativisti
 degenerate dense plasma due tothe e�e
t of dissipation, we �rst introdu
e the stret
hed
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3
oordinates [57℄ � = �1=2(x� Vpt); (11)� = �3=2t; (12)where Vp is the wave phase speed (!=k with ! beingangular frequen
y and k being the wave number of theperturbation mode), and � is a smallness parameter mea-suring the weakness of the dispersion (0 < � < 1). Wethen expand ni, ne, ui, and �, in power series of �:ni = 1 + �n(1)i + �2n(2)i + � � �; (13)ne = 1 + �n(1)e + �2n(2)e + � � �; (14)np = 1 + �n(1)p + �2n(2)p + � � �; (15)ui = �u(1)i + �2u(2)i + � � �; (16)� = ��(1) + �2�(2) + � � �; (17)� = ��(1) + �2�(2) + � � �; (18)(19)and develop equations in various powers of �. To thelowest order in �, using equations (11)-(17) into equa-tions (6) - (10) we get as, u(1)i = Vp�(1)=(V 2p � K 01),n(1)i = �(1)=(V 2p � K 01), n(1)e = n(1)p = �(1)=K 02, andVp =p( K02�e��p +K 01), where K1 = n��10 Ki=mi2Ci2 andK2 = n
�10 Ke=miCi2 = n
�10 Kp=miCi2. The relationVp = p( K02�e��p +K 01) represents the dispersion relationfor the ion-a
ousti
 type ele
trostati
 waves in the degen-erate plasma under 
onsideration.We are interested in studying the nonlinear propaga-tion of these dissipative ion-a
ousti
 type ele
trostati
waves in a three 
omponents degenerate plasma. To thenext higher order in �, we obtain a set of equations�n(1)s�� � Vp �n(2)s�� � ��� [u(2)s + n(1)s u(1)s ℄ = 0; (20)�u(1)i�� � Vp �u(2)i�� + u(1)i �u(1)i�� + ��(2)��+K 01 ��� �n(2)i + (�� 2)2 (n(1)i )2� = 0; (21)��(2)�� �K 02 ��� �n(2)e + (
 � 2)2 (n(1)e )2� = 0; (22)��(2)�� �K 02 ��� �n(2)p + (
 � 2)2 (n(1)p )2� = 0; (23)0 = �en(2)e � n(2)i � �pn(2)p : (24)Now, 
ombining (20-24) we dedu
e a K-dV equation��(1)�� +A�(1) ��(1)�� +B�3�(1)��3 = 0; (25)where the value of A and B are given byA = (V 2p �K 01)22Vp "3V 2p +K 01(�� 2)(V 2p �K 01)3

+(
 � 2)(�e � �p)K 022 # ; (26)B = (V 2p �K 01)22Vp : (27)The solitary wave solution of (25) is�(1) = �mse
h2��Æ� ; (28)where the spe
ial 
oordinate, � = ��u0� , the amplitude,�m = 3u0=A, and the width, � = (4B=u0)1=2.IV. DERIVATION OF MODIFIED K-DVEQUATIONThe K-dV equation is the result of the se
ond order 
al-
ulation of the �. From the third order 
al
ulation, whi
hutilizes another set of stret
hed 
oordinate, a modi�ed k-dV (mk-dV) equation is obtained to des
ribe the nonlin-ear evolution near this 
riti
al parameter. The stret
hed
oordinates for mk-dV equation is� = �(x� Vpt); (29)� = �3t; (30)By using and , we �nd the same values of u(1)i , n(1)i , n(1)e ,n(1)p , and Vp, as like as that of the k-dV. To the nexthigher order of �, we obtain a set of equations, whi
hafter using the values of u(1)i , n(1)i , n(1)e , n(1)p , and Vp,
anbe simpli�ed asn(2)i = 3V 2p +K 01(�� 2)2(V 2p �K 01)3 (�(1))2 + �(2)V 2p �K 01 ; (31)u(2)i = VpK 01(V 2p �K 01)3 (�(1))2+V 3p + VpK 01(�� 2)2(V 2p �K 01)3 (�(1))2 + Vp�(2)V 2p �K 01 ; (32)n(2)e = 1K 02�(2) � 
 � 22(K 02)2 (�(1))2; (33)n(2)p = 1K 02�(2) � 
 � 22(K 02)2 (�(1))2; (34)�(2) = 12A(�(1))2; (35)A = 3V 2p +K 01(�� 2)(V 2p �K 01)3 � (
 � 2)(�p � �e)(K 02)2 ; (36)To next higher order in �, we obtain a set of equations:�n(1)s�� � Vp �n(3)s�� + ��� [u(3)s + n(1)s u(2)s+n(2)s u(1)s ℄ = 0; (37)
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4�u(1)i�� � Vp �u(3)i�� + �u(1)i u(2)i�� + ��(3)��+K 01 ��� hn(3)i + (�� 2)(n(1)i n(2)i )i+(�� 2)(�� 3)2 (n(1)i )2 �n(1)i�� = 0; (38)��(3)�� �K 02 ����n(3)e + (
 � 2)(n(1)e n(2)e ) + (
 � 2)(
 � 3)6 (n(1)e )3� = 0;(39)��(3)�� �K 02 ����n(3)p + (
 � 2)(n(1)p n(2)p ) + (
 � 2)(
 � 3)6 (n(1)p )3� = 0;(40)�2�(1)��2 � �en(3)e + n(3)i + �pn(3)p = 0: (41)Now 
ombining (37-41), and using the values of n(1)i , n(2)i ,u(1)i , u(2)i , n(1)e , n(2)e , n(1)p , n(2)p and �2, we obtain of theform: ��(1)�� + ab�(1)2 ��(1)�� + b�3�(1)��3 = 0; (42)wherea = "15V 4p + 12V 2p K 01 + 18V 2p K 01(� � 2) + 3(K 01)2(�� 2)22(V 2p �K 01)5+K 01(�� 2)(�� 3)2(V 2p �K 01)4 + (2
2 � 7
 + 6)(�p � �e)2K 023 # ; (43)b = (V 2p �K 01)22Vp : (44)Equation (42) is known as mK-dV equation. The sta-tionary lo
alized solution of (42) is, therefore, dire
tlygiven by �(1) = �mse
h� ��� ; (45)where the amplitude �m and the width � are given by�m =q 6Uoab and � = 1�mp
 , 
 = a6 .V. DERIVATION OF STANDARD GARDNEREQUATIONIt is obvious from (37) that A = 0 sin
e �(1) = 0. One
an �nd that A = 0 at its 
riti
al value �e = (�e)
 (whi
his a solution of A = 0). So, for �e around its 
riti
al value(�e)
 = �3K022(K01+�(K01)) � p8�+8���4
��4�
�+9K0222(K01)+�(K01) +2(K01)(�p)+2�(K01)(�p)2(K01+�(K01))

where � = (K 01)(K 02), A = A0 
an be expressed asA0 = � �A��e��e=(�e)
 j�e � (�e)
j = sA��; (46)where j�e� (�e)
j is a dimensionless parameter, and 
anbe taken as the expansion parameter �, i.e. j�e�(�e)
j =�, and where A� = K 02(�2 + 
 + 6�e � 6�p)(K 02)3+3(1 + �)K 01(�e � �p)2(K 02)3 (47)and s = 1 for �e > (�e)
 and s = �1 for �e < (�e)
. So,for �e = (�e)
, we 
an express �(2) as�(2) ' 12s�A��(1)2 (48)This means that for �e 6= (�e)
, �(2) must be in
ludedin the third order Poisson's equation. To the next higherorder in �, we obtain the third set of equations:�n(1)s�� � Vp �n(3)s�� + ��� [u(3)s + n(1)s u(2)s+n(2)s u(1)s ℄ = 0; (49)�u(1)i�� � Vp �u(3)i�� + �u(1)i u(2)i�� + ��(3)��+K 01 ��� hn(3)i + (�� 2)(n(1)i n(2)i )i+(�� 2)(�� 3)2 (n(1)i )2 �n(1)i�� = 0; (50)��(3)�� �K 02 ��� [n(3)e + (
 � 2)(n(1)e n(2)e )+(
 � 2)(
 � 3)6 (n(1)e )3 ℄ = 0; (51)��(3)�� �K 02 ��� [n(3)p + (
 � 2)(n(1)p n(2)p )+(
 � 2)(
 � 3)6 (n(1)p )3 ℄ = 0; (52)�2�(1)��2 + 12sA��(1)2 + �(3) = 0: (53)where �(3) = ��en(3)e + n(3)i + �pn(3)p . Now,
ombiningequations (31)-(35) and (48)-(53), we obtain a equationof the form:��(1)�� + bsA��(1) ��(1)�� + ab�(1)2 ��(1)�� + b�3�(1)��3 = 0:(54)where a and b are same as before. Equation (54) is knownas standard Gardner (sG) equation. It is often 
alledmixed mK-dV (mmK-dV) equation, be
ause it 
ontainsboth �(1)2 term of K-dV and �(1)3 term of mk-dV. Equa-tion (54) is valid for (�e) near its 
riti
al value (�e)
. As
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5(54) 
ontains both �(1) and �(1)2 terms, it supports boththe SWs and DLs solution. It is important to note thatif we negle
t the �(1)2 term, this equation redu
es tomK-dV equation, and to K-dV equation by using a lowerorder stret
hing viz. � = �1=2(x� Vpt), and � = �3t.The exa
t analyti
al solution of (54) is not possible.Therefore, we have numeri
ally solved (54), and havestudied the e�e
ts of planar geometry IA GSs and DLs.The stationary SW and SDL solution of the sG equa-tion [i.e. (54)℄ is obtained by 
onsidering a moving frame(moving with speed U0) � = ��U0� , and imposing all theappropriate boundary 
onditions for the SW and DL so-lution, in
luding �(1) ! 0, d�(1)=d� ! 0, d2�(1)=d�2 ! 0at � ! �1.These boundary 
onditions allow us to havetwo solutions to express the sG equation [i.e. (54)℄, asone is the stationary SW solution and another is DL so-lution. The stationary SW solution of sG equation [i.e.(54)℄ 
an be written as�(1) = � 1�m2 �� 1�m2 � 1�m1� 
osh2��Æ���1 ; (55)where Æ is the width of the SWs. �m1;2 and Æ are givenby �m1;2 = �m[1�r1 + U0V0 ℄ (56)V0 = s2B6� ; (57)U0 = sB3 �m1;2 + �6�m1;22 (58)Æ = 2p�
�m1�m2 (59)
 = �6 (60)�m = s� (61)Now, the stationary DL solution of sG equation 
an bewritten as �(1) = �m2 �1 + tanh� ���� ; (62)where � is the width of the DLs, and is given by� =s� 24�2m�: (63)VI. NUMERICAL ANALYSISIt is 
lear from (62) and (63) that DLs exist if andonly if �0 < 0. It is obvious from �gures 12 to 15 that� > �
 whi
h 
on�rm us that the DLs are asso
iatedwith positive potential only. The parametri
 regimes forthe existen
e of the positive DLs are not bounded by thelower and upper surfa
e plot of �, and the DLs exist for
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FIG. 1: Showing the 2D graph for the relation between �eand �p.
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ΦH1L

FIG. 2: Showing the 2D graph for the 
riti
al value of �e withrespe
t to �(1).parameters 
orresponding to any point in between two(�0 = 0) surfa
e plots. It may be noted here that if wewould negle
t the higher order nonlinear term [viz. thethird term of Gardner equation or the term 
ontaining�(3)℄, but would keep the lower order nonlinear term [viz.the se
ond term of Gardner equation or the term 
ontain-ing �(2)℄, we would obtain the solitary stru
tures that aredue to the balan
e between nonlinearity (asso
iated with�(2) only) and dispersion [58℄. On the other hand, inour present work, we have kept both the terms 
ontain-ing �(2) and �(3), and have obtained the DL stru
tureswhi
h are formed due to the balan
e between the nonlin-earity (asso
iated with �(2) and �(3)) and dispersion.It may be added here that the dissipation (whi
h isusually responsible for the formation of the sho
k-likestru
tures [59, 60℄) is not essential for the formation ofthe SW and DL stru
tures [61, 62℄. It should be notedhere that in all these �gures we have taken the values of�e and �p as a �xed value.From the �rst �gure we have observed a 2D graphi
alrepresentation. In this �gure a 
lear relation between �eand �p has been observed. It is pointed that the value of�p slowly in
reases with the in
reasing value of �e. Andfrom the se
ond �gure we have got the 
lear 
riti
al value�e in what range we have got the positive negative poten-
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FIG. 3: Showing the 2D graph for �e with �(1).
-0.1

-0.05
0

0.05
0.1

Ξ 0.65

0.7

0.75

0.8

Αe

0

0.05

0.1
ΦH1L

-0.1
-0.05

0
0.05

0.1
ΞFIG. 4: Showing the e�e
t of �e on SWs (potential stru
ture)for both e-i-p being non-relativisti
 degenerate when �e <0:66.

-1
-0.5

0
0.5

1

Ξ

0.7

0.8

0.9

Αe

0
0.2
0.4
0.6

ΦH1L

-1
-0.5

0
0.5

1

ΞFIG. 5: Showing the e�e
t of �e on SWs (potential stru
ture)for i being non-relativisti
 degenerate and e-p being ultra-relativisti
 degenerate when �e < 0:66.

-0.1
-0.05

0
0.05

0.1
Ξ

0.1

0.2

0.3

0.4

Αp

0
0.02
0.04

0.06

ΦH1L

-0.1
-0.05

0
0.05

0.1
ΞFIG. 6: Showing the e�e
t of � on SWs (potential stru
ture)for both e-i-p being non-relativisti
 degenerate when �e <0:66.

-1
-0.5

0
0.5

1
Ξ

0.1

0.2

0.3

0.4

Αp

0
0.1
0.2
0.3

ΦH1L

-1
-0.5

0
0.5

1
ΞFIG. 7: Showing the e�e
t of �e on SWs (potential stru
ture)for i being non-relativisti
 degenerate and e-p being ultra-relativisti
 degenerate when �e < 0:66.tial, �(1) stru
tures. The third graphi
al representation
on�rms us that there is no 
riti
al value of �p for whi
hwe may get the positive or negative or both type poten-tial stru
tures; ie; the potential stru
tures do not dependon the value of �p. In the �gures 4-11 we have tried toshow the SWs pro�les obtained from the stationary so-lution of SWs for sG equation (55) due to the e�e
t of�e on the potential, �(1) for the 
ase of ele
tron-positronbeing both non-relativisti
 and ultra-relativisti
 degen-erate and ion being non-relativisti
 degenerate. And the�gures 12-15 represent the solitons obtainedfrom the sta-tionary solution of DLs for sG equation (62) due to thee�e
t of �e on the potential, �(1) for the both 
ase of rel-ativisti
 limit. It should be noted here that in all these�gures we have taken the values of �e and u0 as a �xedvalue.
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areful observation on the �gures 4-11 it has be-
ome 
lear that the terms �e has an great e�e
t on the po-tential, �(1) of SWs whi
h are obtained from the station-ary solution of SWs for sG equation (55). Be
ause of the
riti
al value of �e we get both 
ompressive and rarefa
-tive SWs pro�les with the positive and negative potential.Again potential, �(1) in
reases more rapidly for ion be-ing non-relativisti
 degenerate and ele
tron-positron be-ing ultra-relativisti
 degenerate than for both ele
tron-positron-ion being non-relativisti
 degenerate. But weget only positive potential, �(1), for the �gures of DLs(12-15) for both limits obtained from the solution of stan-dard Gardner equation, whatever the value of �e, i.e itdoes not depend on the value of alphae.
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 degenerate when �e � 0:66.VII. DISCUSSIONWe have 
onsidered an unmagnetized degenerate denseplasma 
ontaining non-relativisti
 degenerate 
old ions
uid and both non-relativisti
 and ultra-relativisti
 de-generate ele
trons and positrons 
uid, and have exam-ined the basi
 features of the ele
trostati
 nonlinearstru
tures that are found to exist in su
h degeneratedense plasma.We have investigated the IA SWs and 
orrespond-ing the DLs in a plasma system (positron 
uid, non-relativisti
 and ultra-relativisti
 degenerate ele
trons andnon-relativisti
 degenerate 
old ions), by deriving the sGequation. The K-dV solitons and �nite amplitude DLsinvestigated earlier, are not valid for �e = (�e)
, whi
h
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 degenerate when �e < 0:66.vanishes the nonlinear 
oeÆ
ients of the K-dV equation.In short, by observing �gures 4-15 it has be
ome 
learthat(i) small amplitude SWs with �(1) > 0, i.e. positive SWsexists if A > 0,(ii) small amplitude SWs with �(1) < 0, i.e. negativeSWs exists if A < 0, and(iii) no SWs 
an exists around A = 0.(iv) The amplitude and width of SWs in
rease with �.(v) With the in
rease of the phase speed of plasmaspe
ies density of ions, the amplitude of SWs does not
hange signi�
antly.(vi) The potential of SWs always in
reases with �e,
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ΞFIG. 15: Showing the e�e
t of �p on DLs (potential stru
ture)for i being non-relativisti
 degenerate and e-p being ultra-relativisti
 degenerate when �e < 0:66.but be
ause of 
riti
al values of �e, it 
hanges polarity.(vii) Only one types of polarity and have no 
orre-sponding DLs solution (obtained from (62).(viii) The width of positive DLs de
reases with both�e and u0 (nearly negligible).However, the IA SWs and DLs investigated in ourpresent work are valid for around �e = (�e)
. The re-sults, whi
h have been obtained from this investigation
an be pinpointed as follows:1. For su
h a degenerate plasma system, the poten-tial for the 
ase of ions being non relativisti
 limitsand ele
tron-position being ultra relativisti
 limitsis greater than the ele
tron-positron-ion being non

International Journal of Scientific & Engineering Research, Volume 4, Issue 8, August-2013 
ISSN 2229-5518 

1065

IJSER © 2013 
http://www.ijser.org 

IJSER



9relativisti
 limits.2. The plasma system under 
onsideration supportsthe �nite amplitude SWs and DLs, whose basi
 fea-tures (polarity, amplitude, width, et
.) depend onthe degenerate ions and ele
tron-positron-ion num-ber densities.3. SWs are shown to exist around �e = (�e)
, and arefound to be di�erent from the K-dV solitons, whi
hdo not exist for around �e = (�e)
 and mK-dV soli-tons whi
h exist for around �e = (�e)
, but haveonly one types of polarity and have no 
orrespond-ing DL solution.4. At �e = (�e)
, negative SWs exist, whereas at �e �(�e)
, positive SWs exist.5. The magnitude of the amplitude of positive andnegative SWs in
reases with �e, but in
reases withu0.6. The DLs having large width we have found onlypositive potential for both non relativisti
 and ultrarelativisti
 limits, no negative DLs are formed.7. The magnitude of the amplitude of the DLs in-
reases with the in
rease of �e, also in
reases withthe in
rease of u0.The ele
trostati
 waves in an ultra-relativisti
 and non-relativisti
 degenerate dense plasma, whi
h is relevant tointerstellar 
ompa
t obje
ts like white dwarfs, have beeninvestigated. The results, whi
h have been found fromthis investigation, represent ion a
ousti
-type of ele
tro-stati
 waves in whi
h the restoring for
e 
omes from theele
tron-positron degenerate pressure and inertia is pro-vided by the ion mass density. Our studies of nonlin-ear ele
trostati
 stru
tures in dense e-p-i plasmas withdegenerate ele
trons, ions and positrons are more gen-eral. However, arbitrary amplitude IA SWs and DLs inuniform/nonuniform three 
omponent degenerate plasmawith or without the e�e
ts of dust and external magneti
�eld are also problems of re
ent interest for many spa
eand laboratory dusty plasma situations, but beyond thes
ope of our present investigation. Although su
h plas-mas 
annot be produ
ed in a laboratory, yet they aregaining 
onsiderable attention of the resear
hers work-ing on dense astrophysi
al plasmas and numeri
al simu-lations.

We have shown the existen
e of 
ompressive (humpshape) and rarefa
tive (dip shape) SWs with positive andnegative potential and DLs with only positive potential.We have identi�ed the basi
 features of potential for IASWs and DLs, whi
h are found to exist beyond the K-dV limit. It may be stressed here that the results ofthis investigation should be useful for understanding thenonlinear features of ele
trostati
 disturban
es in labo-ratory plasma 
onditions. Our investigation would alsobe useful to study the e�e
ts of degenerate pressure ininterstellar and spa
e plasmas [63℄, parti
ularly in stellarpolytropes [64℄, hadroni
 matter and quark-gluon plasma[65℄, protoneutron stars [66℄, dark-matter halos [67℄ et
.The ele
trostati
 waves in an ultra-relativisti
 and non-relativisti
 degenerate dense plasma, whi
h is relevant tointerstellar 
ompa
t obje
ts like white dwarfs, have beeninvestigated. The results, whi
h have been found fromthis investigation, represent ion a
ousti
-type of ele
tro-stati
 waves in whi
h the restoring for
e 
omes fromthe ele
tron-positron-ion degenerate pressure and iner-tia is provided by the ion mass density. We hope thatour present investigation will be helpful for understand-ing the basi
 features of the lo
alized ele
trostati
 dis-turban
es in 
ompa
t astrophysi
al obje
ts (e.g. whitedwarfs, neutron stars, bla
k hole, et
.). Further it 
anbe said that the analysis of sho
k stru
tures, vorti
es,double-layers et
. in a nonplanar geometry where thedegenerate pressure 
an play the signi�
ant role, are alsothe problems of great importan
e but beyond the s
opeof the present work.To 
on
lude, we propose that a new experiment maybe designed based on our results to observe su
h wavesand the e�e
ts of planar geometry on these waves in bothlaboratory and spa
e dusty plasma system. We have 
ar-ried out SWs and DLs by deriving the standard Gardnerequations for a plannar geometry in an unmagnetizedplasma system 
ontaining degenerate ele
tron-positron(non-relativisti
 or ultra relativisti
 limits) and degener-ate ions being non-relativisti
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